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PREFACE

The Engineering Design Handbooks of the U.S. Army Materiel Command
have evolved over a uumber of years for the purpose of making readily avail-
able bastc information, technical data, and practical guides for the develop-
ment of military equipment. While aimed primarily at {1.S. Army inatenel, the
handbooks serve as authoritative references for needs of other branches of the
Armed Services as well. The present handbook is one of a zeries on Fuzes.

This publication is the first revision of the Handbook, Fuze , Ceneral and
Mechanical. Extensive changes were made to update the volume. Information
on explosive trains was condensed, this subject now being treated in 1its own
publication, AMC? 706-179. lllustrations of sample ammunition items, ref-
erences, and test data were brought up to date. New chapters are included on
design considerations and design guidance. The treatment of electric fuze ac-
tions was greatly enlarged with material excerpted from AMCP 706-215.

This handbook preseni> bolh theoretical and practical data pertaining to
fuzes. Coverage includes initiation, arming, design, and tests of fuzes and their
components. Both mechanical and electric fuze actions are treated. The fuz-
ing of all conventicnal ammunition items is covered.

Prepared as an aid to ammunition designers, this handbook should also be
of benefit to scientists and engineers engaged in other basically related re-
search and development programs or who have responsibility for the planning
and interpretation of experiments and tests concerning the performance of
ammunition or ammunition components.

The handbook was prepared by The Franklin Institute Research Labora-
tories, Philadelphia, Pennsylvania. It was written for the Engineering Hand-
book Office of Dulte University, prime contractor to the Army Research
Office-Durham. Its preparation was under the technical guidance and coordi-
nation of a special committee with representation from Picatinny Arsenal,
Frankford Arsenal, and Edgewood Arsenal of the U.S. Army Munitions
Command, and Harry Diamond Laboratories of AMC. Chairman of this com-
mittee was Mr. Wm. A, Schuster of Picatinny Arsenal.

The Handbooks are readily available to all elements of AMC, including
personnel and contractors having a need and/or requirement. The Army
Materiel Command policy is to release these Engineering Design Handbooks
to other DOD activities and their contractors and to other Government
agencies in accordance with current Army Regulation 70-31, dated 9 Sep-
tember 1966. Procedures for acquiring these Handbooks follow:

a. Activities within AMC and other DOD agencies should direct their re-
quests on an official form to:

Commanding Officer

Letterkenny Army Depot

ATTN: AMXLE-ATD
Chambersburg, Pennsylvania 17201

b. Contractors who have Department of Defense contracts should submit
their requests, through their contracting officer with proper justification, to
the address indicated in paragraph a.
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xviii

¢. Government agencies other than DOD having need for the Handbooks
may submit their requests directly to the Letterkenny Army Depot, as indi-
cated in paragraph a above, or to:

Commanding General

U.S. Army Materiel Command
ATTN: AMCAD-PP
Washington, D.C. 20315

or

Director

Defense Documentation Center
ATTN: TCA

Cameron Station

Alexandria, Virginia 22314

d. Industries not having Government contracts (this includes Universities)
must forward their requests to:

Commanding General

U.S. Army Mater’el Command
ATTN: AMCRD-TV
Washington, D.C. 20315

e. All foreign fequests must be submitted through the Washington, D.C,
Embassy to:

Office of the Assistant Chief of Staff for Intelligence
ATTN: Foreign Liaison Office

Department of the Army

Washington, D.C. 20310

All requests, other than those originating within DOD, must be accom-
panied by a valid justification.

Comments and suggestions on this handbook are welcome and should be
addressed to Army Research Office-Durham, Box CM, Duke Station, Durham,
North Carolina 27706.
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FUZES
PART ONE—FUNDAMENTAL PRINCIPLES

CHAPTER 1
INTRODUCTION *

1-1 DEFINITION AND PURPOSE OF A FUZE

The word fuze is used to describe a wide vari-
ety of devices used with munitions to provide
basically the functions of (a) safing, i.e., keeping
the munition safe for storing, handling, (includ-
ing accidental mishandling), and launching or
emplacing; (b) arming, i.e., sensing the environ-
ment(s) associated with actual use including
safe sepsration and thereupon aligning explo-
sive trains, closing switches and/or establishing
other links to enable the munition; and (c) fir-
ing, i.e., sensing the point in space or time at
which initiation is to occur and effecting such
initiation. See also MIL-STD-444, Nomenclature
and Definitions in the Ammunition Area.t

There is a very wide variety of munitions in
existence and new ones are continuously being
developed. They include artillery ammunition
{nuclear and non-nuclear), mortar ammunition,
bombs, mines, grenades, pyrotechnics, atomic
demolition munitions, missile warheads (nuclear
and non-nuclear), and other munition items.
Because of the variety of types and the wide
range of sizes, weights, yields, and intended
usage, it is natural that the configuration, size,
and complexity of fuzes vary also over a wide
range. Fuzes extend all the way from a rela-
tively simple device such as a grenade fuze to
a highly sophisticated system or subsystem such
as a radar fuze for a missile warhead. In many
instances the fuze is a single physical entity—
such as a grenade fuze—while in other instances
two or more interconnected components placed
in various locations within or even outside the
mrnition make up the fuze or fuzing system.

*This handbook was revised by Gunther Cohn, The
Franklin Institute Research Laboratories. Valuable con-
tributions were made by C. T. Davey, P, F. Mohrbach,
and M. R. Smith.

FDistinct fuze terms are defined n the Glossary,

There is also a wide variety of fuze related com-
ponents, such as power sources, squibs, initia-
tors, timers, safing and arming (integrating) de-
vices, cables, and control boxes which are some-
times developed, stocked, and issued as indivi-
dual end items but which in the overall picture
constitute a part of the fuzing system,

Leading nations such as the U.S.A. employ
the most advanced technology available in the
design of modern weapons and are constantly
advancing the state-of-the-art. This is particu-
larly true of fuzes because of their important
and exacting role, constituting in effect the
brain of the munition. This handbook in the
Engineering Design Handbook Series is con-
cerned with the basic principles underlying the
design of fuzes. Since the final design of any
fuze will depend upon the required role and
performance and upon the ingenuity of the de-
signer, attention in the handbook is focused on
these basic principles. Illustrations of applica-
tions are purposely kept as simplified as possible,
leaving the final design approaches, as they
must be, to the fuze designer.

1-2 FUZE ACTiON

Inherent to the understanding of fuze de-
sign is the concept of the progression of the
action of the explosive train starting with ini-
tiation and progressing to the burst of the maiu
charge in the warhead. Initiation as the word
implies, sterts with an input *signal,” such as
target sensing, impact, or other. This “signal”
then must be amplified by such devices as a
detonator (first stage of amplification), a lead
(second stage of amplification), and a booster
(third s.age of amplification) which has an ex-
plosive output of sufficient force to detonate
the main charge. Since the detonator contains
explosives which are very sensitive as required

11
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to respond to the initial (weak) signals, it is
the basic role of the fuze not only to signal the
presence of the target and to initiate the ex-
plosive train, but also to provide safety by

casualties to property and life in the past have
been directly traceable to inadequate built-in
fuze safety.

As an approach to providing adequate safety,
present design philosophy calls for a fuze to
have at least two independent safing features,
wherever possible, either of which is capable of
preventing an unintended detonation; at least
one of these features must provide delayed
arming (safe separation). This and other aspects
of safety are discussed in detail in Chapter 9.
Reliability of functioning is also a primary
concern of the fuze designer, details of which
are covered in later chapters (e.g., par. 2-3).

Fig. 1-1 is a diagram of the steps involved in
a typical arming process. At the left the fuze is
represented as unarmed so that it may be stored,
transported, handled, and safely launched. The
arming process starts at ¢ by adding energy to
the system in a proper manner. At b enough
energy has been added so that the device will
continue to completion o the arming cycle. At
any time between a and b the device will return
to the unarmed condition if the energy is re-
moved. After b the fuze is committed to con-
tinue the arming process; therefore, b is termed
the commitment point. The detonator is aligned
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Figure 1-1, Fuze Arming Process

at « but provision is made for other arming func-
tions such as switch closures all of which are
finally completed at o, and the fuze is fully
armed and ready to function,

1-3 TYPICAL AMMUNITION ITEMS

Ammunition can carry a fuze in its nose, its
base, or anywhere within depending upon its
tactical purpose. To illustrate this versatility,
several common fuze carriers are briefly des-
cribed below. Greater detail is contained in Part
Three of this handbook.

1-3.1 PROJECTILES

Fig. 1-2 shows a typical round of fixed ammu-
nition for artillery use. The weapon {iring pin (at
the bottom of the figure) strikes the cartridge
primer. This initiates the propelling charge with
the help of the igniter. As the propellant burns,
gases form that exert pressure upon the base of
the projectile and force it out of thé gun tube.
Rifling in the gun tube engraves the rotating
band thus imparting spin to stabilize the pro-
jectile. In flight, centrifugal forces, set up in
the spinning projectile, turn rotor and move
interrupter so that a continuous explosive train
is formed. The fuze is now armed. Upon target
impact, the firing pin in the fuze is pushed into
the primer which then explodes and ignites
the detonator. It in turn initiates the booster
that amplifies the detonation sufficiently to
reliably detonate the bursting charge.

1-3.2 ROCKETS

Fig. 1-3(A)! * illustrates Rocket, M28, with a
base Fuze, M404Al that is enlarged in Fig.
1-3(B). Rockets carry. their cwn propellant
which burns during rocket flight. Aifter the
rocket exits the launch tube, the ejection pin
slides away, due to the force of a compressed
spring, exposing the detonator. Upon impact,
the inertia weight moves forward and causes
the striker to stab the detonator, which causes
the booster charge and in turn the high explosive
bursting charge in the rocket head to detonate.

*Superseript numbers and letters pertain te References.
Numerical References are listed at the end of cach
Chapter while letiered Refcrences are listed atthe end

of the text.




W

i

AMCP 706-210

FIRING Pln
T T ———PRIMER
INTERRUPTER
» FUZE
— DETONATOR
ROTOR —
-— BOOSTER
J—
:;jr __—BURSTING
inkuly CHARGE
+ I
DR
[ ©
- 11t X
H > O
1 ~—
e l—-ﬂ- bt :.—-.
4 i
i} ] ROTATING
AND
: o ] _Q\
——
N5
0SS
D 2N N} -ProFELLING
2052 %/ I
%of%o&o% | CARTRIDGE
7 %o V4 %o é CASE
Yo%
PN ¢
A YA
Z %{ S G
WAR 7an IGNITER
SIS, 4
b 7| |© 1] —cartrioee
- { PrivER D
(}¢———WEAPON FIRING PIN

Figure 1-2, Typical Artillery Round

1-3.3 BOMBS

Fig. 1-4% illustrates a typical bomb with its
meain parts, Fins provide stability in flight.
The body contains the high explosive; fuzes
may b2 located in the nose, the tail, or the side.

Tweo or three fuzes ave used sometimes to in-
sure explosion of the hursting charge. Bomb
fuzes often are armed by vanes that spin in
the air stream. The vanes are prevented from
spinning before bomb release by arming wires
attached to the aircraft.

CONTACT &ING ~ EJECTION PiN

INSULATING
RING

NOZILE AND WARKEAD

o ascumy 1A Rocket, M28

BO0STER

SAFETY W4t DEYONATOR

RAND
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b INERTIA WEIGHT

| ——— 1
[} /2 tiw

(8) Fure, M404A/

Figure 1.3. Racket, M28, With Fuxe, M404A1

1-3.4 MINES

Mines are a class of munitions which are pr-
positioned or emplaced at points or in areas,
typically by burying, so as to deter the enemy
from moving into the area. Fig. 1-5° shows
Mine, Antitank, M15 with Fuze, M603. As a
tank or other heavy vehicle rolls over the mine,
it depresses the pressure plate which causes the
Bellevil'e springs to snap through, driving the
firing pin into the detonator, initiating the main
charge in the mine, Various antipersonnel mines
operating under lighter pressure or by trip wires
are also used in minefields.

-4 REQUIREMENTS

In addition to performing the basic functions
of safing, arming, and firing, fuzes having high
usage rates should be designed so as to be

1-3
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adaptable to the maximum extent possible to
automated mas projection and inspection meth-
ods. This is necessary in order to minimize
human errors in manufacture and assembly,
and to minimize production costs.

1-5 CATEGORIES

Fuzes may be identified by their end item,
such as bomb or mortar projectile; by the pur-
pose of the ammunition, such as armor-piercing
or training; by their tactical application, such as
air-to-air; or by the functioning action of the
fuze, such as point-detonating or mechanical
time. Fuzes may also be grouped as to location,
such as nose or base; as to functioning type,
such as mechanical or electrical; or as to caliber.
Table 1-1 lists common fuze categories, How-
ever, subtitles within groups are not mutually

exclusive,
Typical nomenclature would be Fuze, Bomb

Nose, MS04E1. Whereas identifying features,
such s MT (mechanical time) or HEAT (high
explosve antitank), were formerly added to
fuze nomenclature, the current irend is to
minimize such descriptive terms. A more de-
tailed description of common classifications
follows.

TABLE 1-1. FUZE CATEGORIES

Ais-to-Air
Air-to-Ground
Empiaced
Ground-to-Air
Ground-to-Ground

By End Item By Funciioning Action
Bomb Impact
Grenade Point-Detonating (PD)
Guided Missile Base-Detonating (BD)
Mine Point-Initiating, Base-
Mortar Detonating (PIBD)
Projectile Delay {short or long)
Rocket Graze
Time
By Purpose Pyrotechnic Time (PT)
Mechanical Time (MT)
Antipersonnel (APERS) Electrical Time (ET)
Armor-Piercing (AP) Self-Destruction (SD)
Biast (HE) Proximity
Chemical Pressure
Concrete-Prercing (CP) Hydrostatic
High Explosive Antitank (HEAT) Barometric
High Explosive Pissti. (HEP)
Tlumination Ry Location
Signal
Target Practice Base
Training Internal
Nose
By Tactical Application Tail

16.1 IMPACT FUZES

These are fuzes it which action is created
within the fuze by actual contact with a tar-
get; the action includes such phenomena as im-
pact, crush, tilt, electrical contact, etc. Among
the fuzes cperating by impact action (alterna-
tively referred to as contact fuzes) are: (a) point-
detonating (PD) fuzes located in the nose of the
projectile, which function upon impact with the
target or following impact by a timed delay, and
(b) base-detonating (BD) fuzes located in the
base of the projectile, which function with short
delay after initial contact. The delay depends on
the design and may include a delay element
specifically delaying the functioning fot as much
as (typically) 0.25 sec. The base location is se-
lected to protect the fuze during perforation of
the target in the case of armor-piercing projec-
tiles. In shaped charge projectiles the fuze is
point-initiating, base-detonating (PIBD) where
the target sensing element is in the nose of the
projectile and the main part of the fuze is in the
base, This base position is required in order that
the explosive wave will move over the shaped
charge cone in the proper direction.

Contact fuzes are conveniently divided ac-
cording to response into superquick, nondelay,
and delay. A superquick fuze is a nose fuze in
which the sensing element causes immediate ini-
tiation of the bursting charge (typically less
than 100 microseconds). To attain this, the sens-
ing element is located in the extreme nose end of
the fuze. A nondelay fuze is one in which there
is no intentionally designed delay, but where
there is some inherent delay because of inertial
comy onents in the fuze which initiate the explo-
sive train. Nondelay elements may be incorpor-
ated in either PD or BD fuzes, The inertial device
is used when a small degree of target penetra-
tion is acceptable or desired, and for graze
action. Delay fuzes contain deliberately built-in
delay elements which delay initiation of the
main charge, after target impact. The elements
of the fuze which bring about the delayed action
are in effect ‘‘time fuze” elements (see below).
Delay elements may be incorporated in either
PD or BD fuzes; however for very hard targets,
armor-piercing projectiles, which always have
BD fuzes, are called for.

In certain fuzes, such as bomb fuzes, longer
delays are frequently used. For example long

16
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delay fuzes for bombs and underwater mines
may have delay times after impact {emplace-
ment) of from minutes to days. These fuzes usu-
ally contain antiremoval devices to discourage
defuzing by the enemy.

18.2 TIME FUZES

These are fuzes in which action is created
within the fuze at the end of an elapsed time
after arming, impact, etc.,, as mesasured by
mechanical, electrical, pyrotechnic, chemical,
radiological, or other means. Time fuzez are
used to initiate the munition at some desired
time after launch, drop, or emplacement. These
fuzes are generally settable at the time of use
and the timing function is performed by the use
of such devices as ciockwork, analog or digital
electronic circuitry, and chemical and pyrotech-
nic reactions. Time fuzes are used for projectiles
primarily of the illuminating, beehive, and special
purpose ategories, as well as for mines, bombs,
and grenades. They also have some limited uses
in HE projectiles. Time fuzes range from those
having set times as low as fractions of a second
to as high as several hours or days. Typically a
projectile fuze gives times up to 200 seconds in
current designs,

1-56.3 PROXIMITY FUZES

These are fuzes in which action is created
within the fuze from characteristics other than
actual contact or elapsed time characteristics,
Proximity fuzes (alternatively referred to as in-
fluence fuzes) initiate the munition when they
sense that they are in the proximity of the tar-
get. This action is particularly effective in uses
against personnel, light ground targets, aircraft,
and superstructures of ships. These fuzes are the
subject of separate Engineering Design Hand-
books®™"

154 COMMAND FUZES

These are fuzes in which action is created ex-
ternal to the fuze and its associasted munition,
and deliberately communicated by the fuze by
electrical, mechanical, optical, or other means
involving control from a remote point.

18

1-3.56 COMBINATION FUZES

These are fuzes combining movre than one of
the above types with one as the Principal (P)
action and other(s) as Secondary action(s).

15.6 OTHER FUZES

These are fuzes that cannot be included in the
above types. Where this occurs the item should
be identified, the action defined, and differences
from other actions should be listed.

1-6.7 SELF-DESTRUCTION

Self-destruction (SD) is an auxiliary feature
provided in the fuzes of certain munitions,
primarily ground-to-air or air-to-air to explode
or “clean up” the murition in case of target
miss or failure of primary fuze mode. It may be
accomplished by various timing mechanisms
such as discussed earlier or in the case of more
sophisticated munitions by command through
a racio or radar link, The purpose of SD is of-
course to minimize damage to friendly areas.

1-6.8 NONEXPLOSIVE FUZES

Nonexplosive fuzes have specialized uses. A
dummy fuze is 4 completely inert and more or
less accurate replica of a service fuze. For ballis-
tic purposes. it may duplicate the weight, center
of gravity, snd contour of the servica fuze. A
practice or training fuze is a service fuze, modi-
fied primarily for use in training exercises. It
may be completely inert (a dummy fuze), may
have its booster charge replaced by a spotting
charge, or may differ in other significant ways
from a service fuze.

1-5.9 MODEL DESIGNATION

Army service fuzes are assigned the letter “M”
followed by a number (such as M100). Modifi-
cations of “M” fuzes are given suffix numbers
starting with “A” (such as M100A1).

Experimental Army fuzes have the letters
“XM"” preceding a numerical designation (such
as XM200), When standardized, the “X" is then
dropped. In a previous system, experimental
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fuzes of the Army were identified by a separate
“T" number which was discarded when the fuze
was adopted for manufacture (sich as T300).
Many fuzes with “T"” numbers are still in
existence.

Navy service fuzes carry a “MARK” number
snd their modifications are followed by a
“MOD” number (such as MARK 100 MOD 1).
There is no uniform method for designating ex-
perimentil Navy fuzes because each Agency
devises its own system. However, many such
fuzes carry the letter “X"” as s part of their
nomenclature (such as EX200). Prior to World
War II, some Army service fuzes and projec-
tiles also carried MARK numbers. Items of
Army ammunition so0 marked may still be
encountered,

18 DESCRIPTION OF A REPRESENTATIVE
IMPACT FUZE

A typical fuze for 60 mm and 81 mm mortar
ammunition is Fuze, PD, M525, as shown in
Fig. 1-6*. The M525 is a superquick, point-
detonating fuze that has been quite successful
because of its relative simplicity®. It consists of
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two major parts:

(1) A head assembly that contains striker,
firing pin, and a clockwork for delayed arming.
The striker with conical striker spring is espe-
ciglly designed to permit the fuze to be fully
effective when impact is at low angles,

(2) A body that contains the arming mech-
anism (a slider), detonator, lead, and booster
pellet. Fig, 1.7 shows the body parts of the fuze
in a perspective view to clarify the arming
actions,

The fuze has two pull wires, connected by a
cord for casy withdrawal, that remove two set
back pins which lock the fuze in the unarmed
position to insure safety during storage, trans-
portation, and handling, The wire is removed
just before inserting the projc tile into the
mortar tube,

Operation is as follows:

(1) Upon firing, acceleration of the pro-
jectile produces setback forces that cause the
setback pin to move to the rear (Fig. 1-7). The
safety pin is released as a result of this mction
s0 that the spring on the safety pin pushes it out-
ward. As long as the projectile is within the mor-
tar tube, the pin rides on the bore. Since the
slider is therefore still retained from moving, the
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Figure 1-6. Fuze, PD, M525
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Figure 1-7. Arming Action for Fuze, PD, M525

fuze is bore safe. The pin is thrown clear of the
fuze when the projectile emerges from the muz-
zle. The firing pin in its reerward position is in
the blank hole of the slider (Fig. 1-7) s0 2 to act
as a second detent on the slider,

(2) Setback also frees the escapement pallet
to start the clockwork in the head assembly. At
the end of a 3-second arming delay, a spring
causes forward motion of the firing pin, causing
it to withdraw from the slider. The slider, then,
is prevented from moving until both (a) the pro-
jectile clears the tube, and (b) the clockwork
runs down,

(3) When the slider is free to move, the
detonrtor in the slide is aligned with the firing
pin and lead. Upon target impact, the striker
pushes the firing pin into the detonator. The
detonation sets off the lead and the booster.
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2-1 PHILOSOPHY OF DESIGN
21.1 GENERAL

Although the job of designing a fuze is not a
simple one, itshould not be considered over-
whelming, In the following pages, the fuze
characteristics of specific munitions as well &
formulas are given with hints for designing the
aming, functioning, and explosive components.
Therein lies one of the methods for solving a

compiex problem: break it down into separate,

worksble parts. To be sure, there are many areas
where precise formulas have not yet been de-
veloped and many that will never lend them-
selves to precise solutions. Proportioning a given
space "to contain the various fuze components,
for example, defles exact calculations known
today. In solving such problems, designers rely
upon past experience and judgment or re-
peated testing, In some cases it may be neces-

sary to develop new matcrials, processes, or
methods. It is best to keep in mind all aspects

of the problem, for judgment can be sound only
when based on a firm grasp of all pertinent facts.

Once the fuse has been developed, it can
benefit from efforts of production and value
engineering. It is impostant that this effort be
coordinated with the designer so that design
characteristics are nct compromised arbitrarily.

2-1.2 ORIGIN OF A FUZE SPECIFICATION

For any product, the requirement for an item
is created when the customer feels the need.
In the Department of Defense, the customer is

CHAPTER 2
GENERAL DESICY CONSIDERATIONS

the Sexvice using the item. Everyons other than
the customer is considered an outsider because
his prime interest is not to use the product.
However, many outsiders have made significant
contributions through their vinon and under-
standing of someone else’s need,

A fuze requirement is usually originated by
the Combat Arms and sent to the proper sup-
plying agency in the Defense Deparimaent. The
request pinpoints exactly what is required but is
normally most vague about how it is to be ac-
complished. For example, a munition may be
needed to inflict certsin damage on an aircraft.
Limiting values of environmentsl conditions
may be stated, such as launching site and target
position. There will be a date on which the item
is to be available, Thiai may be all. The supplying
agency must now decide how this request can be
satisfied by Government installations or indus-
trisl contractors. The length of time awailable
will help to decide whether an existing device
will be modified or whether a new device will
be developed. The final product may be a guided
missile, a rocket, or a projectile with an impact,
time, or proximity fuze. There may be a single
approach or a series of competitive designs.

When an outsider originates a new device, on
the other hand, the sequence is somewhat differ-
ent even though the end reault may be the same.
An individual person or group will express an
idea for a specific device the performance of
which is claimed to be or is actually known. For
example, an inventor conceives & new time fuse
that will operate in a certain way. In fact, the
conception of idess is one job of the fuxe de
signer because, in a sense, fuze design is organ-
ized invention. The ideas should be communi-
cated to the supplying agency and pethaps to
the Combat Arms. If they seem t0 have merit,
a feasibility study will be made, and if the re-
sults are favorable, a development program may
be initiated. Note that a new invention has the
vest chance of being used when a specific need
for it can be demonstrated. In fact, many new
weapons have been developed on the besis of
brilliant ideas.

21
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2-1.3 DESION TRADE-OFFS

The fuze designer—like the designer of any
other component in a weapon systm—must be
thoroughly familiar with the basis for the stated
requirements. He then is in a position to evaluate
the requirements and, if indicated, to give an in-
talligsnt proposal to relax thoce requirements
that would be too difficult, time-consuming, or
costly to achieve. The relaxing of requirements
is called trade-off.

By direction, new weapon systems must pro-
vide more than marginal improvements over
existing systems. The improvement may be in
the aress of increased effectiveness, reliability,
safety, or capability not achieved by an existing
system, It couid now happen, for example, that
the improvements of a particular new sysiem
may be significant despite failure to accom-
plish all of the design objectives. This would be
a valuable bit of information if a propoeed
trade-off is deemed desirable.

An example of this might be the development
of a projectile and fuze for a new weapon. Both
gun ana projectile development are on schedule,
During testing, it is determined that the fuze is
not operable after vacuum-steem pressure tests.
Suppose that existing fuzes in the field were also
not capable of passing this test. The time required
to redesign the fuze would delay the delivery of
the new weapon into the fieid. In this case, it
would be logical to propose that the vacuum-
steam pressure requirement for the fuze be
waived,

Note that MIL-STD tests are not mandatory
for all applications (see par. 15-6). Being aware
that fuzes off the shelf or presently in produc-
tion may not meet all of the Military Standards
for one reason or another, the good fuze de-
signer judiciously reruns all of his necessary de-
velopment tests even though le is using avail-
able components.

2.2 ECONOMICS

The assessment of a weapon system involves
the comparison of its value with its cost. The
value per round may' be considered to be the
product of the military value of the damage of
which a round of ammunition is capable and the
probability that a given round will inflict this
damage. The cost of a round of ammunition in-

2-2

cludes the cost of delivering it to its target as
well as that of producing it. Each of these quan-
tities is, in itself, 2 complex combination of di-
verse factors which may include aspects of sta-
tistics, military strategy and tactics, and all
branches of engineering.

The process of comparing aliemative solu-
tions to stated requirements in terms of the
value received {effectiveness) for the resources
expended (costs) is called the Cost/Effectiveness
analysis. The primary ingredients of this analy-
8is ave:

(1) Objective(s)

(2) Alternative means or systems

(3) Costs or resources required for each
system

(4) A mathematical or logical model, a set
of relations among the objectives, sltemative
means, environment, and resources

(5) A set of criteria for choosing the pre-
ferred alternatives usually relating objectives and
costs.

The objective is the establishment of the al-
tematives among which it is possible to chcose.
Alternatives that can achieve the objectives must
be defined and cost or resource consequences
must be attached to each of the alternative
v.eans,

In the course of performirig the analysis, each
alternative is related to the objective through
a form of intellectusl exercise that can be
called a model or a set of calculations. Basically,
a choice must be made between maximizing ac-
complishment of the objective for a given cost

or minimizing the cost for achieving a given
objective! -

2-3 SAFETY AND RELIABILITY

Considerations of safety and reliability cannot
be separated. The fuze must function as in-
tended (reliability) but must not function under
all but the right conditions (safety).

Reliability is a measure of the extent to which
a device performs as it was designed to perform
during the usually short period between launch-
ing and completion of its mission. Obviously, re-
liability of ammunition and of its components is
of key importance. Weapons are useless if they
don’t function as intended.

Safety is a basic consideration throughout
item life. We are concerned with the extent to
which a device can possibly be made to operate
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creawturely by any accidental sequence  of
events which may occur at any tuue between the
start of its fabrication and its approuch to the
target,

Relinbility is the probability that materin

will perform its intended function for a speci-

tied period ‘under stated conditions®. It is de
fined in statistical terms, We say that a system
has a reliability of, suy, 99 percent and we make
this statement with a confidence of, say, 95
percent®,

While safety is also defined statistically, the
approach to safety is somewhat different from
that applied to relinbility. ‘The keystone of this
approach is the fail-safe principle. Essentially,
this principle states that any sequence of events
other than that to which a round is subjected in
normal operation shall result in failure rather
than detonation of the round, Compliance with
the fail-safe principle is usually accomplished
mechanically, and is the reason most ordnance
devices must be considered as mechanisms.

In terms of added bulk, weight, and com-
plexily—which can be translated into terms of
reliability, effectiveness, and logistics-—safety is
expensive, Hence, the problem of safety is a
double one. The designer must be certain that
his device is safe enough and yet impose the
least impairment of functioning.

A number of policies, niles, and safety codes
that apply to various types of materiel have been
promulgated. In view of the variety of these
codes, it is well for a designer to examine in ad-
vance the safety criteria that will be applicable
to his design.

Note the safety requirements for fuzes in
par. 9-2.2. See also the several safety tests that
have been developed (par. 15-3). The design
techniques that will help protect the weapon
system against radio frequency energy, static
electricity, and lightning are covered in a sepa-
rate publication®,

The following rules can serve for general
guidance in the design of safe and reliable fuzes:

(a) Whenever possible, use standard compo-
nents with established quality level and other
reliability criteria at least as high as that required
by the application.

(b) Wherever possible, particularly in more
complex and expensive material, use multiple
fuzing (see below).

(c) Specify materials for which the proper-
ties of importance to your application are well

.

known and reproducible, Keep in mind that the
wverage value for a parwmeter may be less un-
portant for design purposes than the extreme
vidues,

(d)  As fur as possible, design items in such u
manner that defects which affect reliability und
sufety can be detected by means of nondestruc-
tive tests or inspection,

Multiple fuzing refers to the combination of
fuzes or their components into a network to
obtuin improved performuance over single-fuze
systems. ‘The duplication may involve the deto-
nator, a circuit element, the safing and arming
device, or the entire fuze. Redundant compo-
nents are used to improve the overall 1cability
of the system, For example, a multichannel fuze
of 99% reliubility can be built from individual
fuze channels having a reliability of only 90%.
Fig. 2-1 illustrates a fuze circuit having three
switches so arranged that closure of any two of
the three double-pole switches assures circuit
continuity. The subject of multiple fuzing ix
covered in detail in classified handbooks”.

POWER ELECTRIC
SOURCE DETONATOR
[] ———/‘a _/l
— | / | /
J S

Figure 2-1. Possible Multiple Fuzing Circuit

2.4 STANDARDIZATION
2-4.1 USE OF STANDARD COMPONENTS

The decision as to whether to adapt a system
design to the use of a standardized component or
to design a new component especially adapted
to a system is often one of the most difficult a
designer has to make. On the one hand, a new
item has often been developed because, in the
layout stage of design, it took less effort to
sketch in something that fit the dimensions than
to find out what was available. On the other
hand, the hard and fast resolution to use only
shelf items has resulted in systems which are

2-3
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appreciably inferior to the best attainable with
regard to safety, reliability, effectiveness, or
compactness, and in the perpetuation of obso-
lete items.

As a general rule, the standard item must
always be given first preference and must be
carefully considered. An important reason in
fuze design is the cost and time required to
qualify new items (see par, 2-2).

When Standards exist for the design of new
items, their use is mandatory. ‘The designer
should therefore find out whether a Standard
has been issied, pertaining to his assignment,
before he begins to work. For example, the con-
tour of fuzes for 2-inch holes is covered by an
American-British-Canadian- Australian Standavd’.
The Standard covers fuzes having 2-12UNS-1A
threads for artillery and mortar projectiles of
76 mm and larger caliber. Fig. 2-2 shows the
contour required for new point-initiated artiliery
fuzes of Type A. Projectile cavity and fuze
setting-slot dimensions are also covered in this
standard.

Another standard of this type is MIL-STD-
320. It lists the standardized series of dimen-
sions for newly developed detonators, primers,
and leads,

One of the reasons for standardizing fuze
contours is to enable interchangeability. Maxi-
mum interchangeability is a design goal. Every
fuze shovld be usable on as many munitions as
possible 80 as to reduce the total number of dif-
ferent types of fuzes required. Savings arise in

o3

NOTE - ALL DIMENSIONS I INCHES oo 8%
NOTE ¥ 3
Uoay
LY X
3 .
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MAVOR DIA 1 9932 -T2 3 g X2
DITCH OIA 1944/ 0091 N 3
MINDE DIA | 8960 MAX [y 3 ~,§
.] M A" NOTE 7 ] ¥
06 8 MAY _r—22 @ 8sC ‘ N
{1 LRt |
LoV ox —— - x
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[} I |

WEIGHT
21020.05L 8

Figure 2-2. A Standard Fuze Contour
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cost and effort because every fuze requires de-
velopment, arawings, jigs, fixtures, inspection
gages, packaging, and storage space. It is cus
tomary to make common fuzes interchange-
able®,

In some cases interchangeability may be
neither possible nor desirable. It would not be
economical or feasible to infroduce into all
fuzes certain special features that are demanded
by special weapons.

Interchangeability of fuze parts has not always
received the attention that it deserves. Ali of the
advantages of multiple usage fuzes ave valid for
fuze parts. Usually, the manufacturer of small
parts designs his parts for his machines and his
know-how. Production engineers are attempting
to cut down on the vast number of parts. Ex-
plosive components have largely been standard-
ized. No doubt, many advcntages will accrue
when similar steps are taken for screws, nuts,
nose caps, pins, detents, and other sundry parts.

24.2 NEED FOR FORMALITY

By necessity, standards require formality. In
a small shop, the proprietor can make an off-
hand decision or a change to improve his product
without consulting anyone and without causing
any harm. However, sich shortcuts are ded-
mental for any large private or Governmental
organization. Here, it is absolutely essential that
all ideas be properly documented, that all
changes be recorded, and that all established
methods be followed.

The fuze requirements are expressed as full
instructions and detailed specifications. They
come from the customer, the Combat Arms,
who is not readily available for informal discus-
sion. The customer expects a formal reply. Ac-
cepted methods of communication are progress
reports and drawings. The reports should con-
tain brief statements of the problem and the
conclusions reached to date in addition toa:
disclosure of the progress. Reports on compli-
cated tasks are enhanced by including an ab-
stract, a brief history, a description of the
apparatus, a discussion of the methods used,
and a list of recommendations proposed. It is
just as important to report failures as to report
successful tests in order to close blind alleys for
others, Drawings will fully describe the hard-
ware and define the contemplated parts. Also,
adherence to standards and conventions will
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assure élsrity and completeness,

All changes must be properly documented
concerning their cause and effect because every
statement in the requirements has a purpose.
Requests for exemptions or modifications may
certainly be made, but they should be properly
handled. The designer might feel, for example,
that a change in color, protrusion, or material
will not affect performance. However, he may
not be aware that the color he chose to vary may
have been standardized as a warning of toxic
gases, that the protrusion may present a pack-
aging problem or that the particular material is
critically needed elsewhere.

The problem is further intensified because
people in many different locations may be work-
ing on this particular fuze. All designers must
have identical and up-to-date information, A
change in one lot or in one drawing, even if an
improvement, could still confuse users, inspec-
tors, and supervisors, Efficiency can be achieved
only by the freest use of clear communication to
avoid error and duplication of effort.

It is essential that patent disclosure be made
for all new inventions®. A patent will not only
insure recognition for the inventor and protect
his interest but it will also protect the rights of
the Government. Any designer who has an idea
that he believes to be new, novel, or unique
should write up a brief description that will iden-
tify it. A simple, freehand sketch always helps.
The dated description or disclosure should then
be signed by two witn. ses and by the designer
himself, Thereafter, a patent application will be
filed and the other customary legal steps can
follow if desired.

2-5 HUMAN FACTORS ENGINEERING

The term Human Factors Engineering has
been used in recent years to characterize design
activities aimed at assuring accurate, reliable,
safe, and efficient use of components, tools,
machines, and systems by human beings. When-
ever and wherever man is the ultimate user of
what we design, his capabilities and limitations
must be considered in the design process. Al-
though many aspects of Human Factors Engi-
neering rely on the application of common sense,
it is often difficult for the fuze designer to pro-
ject the intended uses of his fuze, or the possible

-ways it will be misused because of carelessness

or extreme environmental stress. Then, too, he
must always consider that those who use his
fuzes vary widely in ability to understand their
functioning and in many physical characteristics,
such as hand strength. Human Factors specialists
can often play a vital role in the fuze design proc-
ess by bringing to bear their specialized knowl-
edge in human behavior in the development of
Human Factors design data and in conducting
Human Factors analyses of specific or competi:ig
fuze designs.

2.6.1 SCOPE OF HUMAN FACTORS ENGINEERING

Human Factors Engineering is a science inso-
far as it seeks to experimentally or analytically
determine man’s role in simple or complex man-
machine systems. By understanding the nature of
the system, it is possible for the designer to
specify the tasks human beings will perform and
their criticality to the system’s effectiveness.
For example, the missetting of a delay by one or
two seconds may have little effect on the success
of the ammunition round. A missetting of im-
pact instead of delaymay have more serious con-
sequences. At each point of human use, it is often
possible fo estimate the magnitude and effect of
potential human error. Understanding what hu-
mans can or cannot do—their capabilities and
limitations in regard to sight, touch, strength, or
intellectual ability under stress—can help us to
design these man-machine “interfaces” so that
error free performance is enhanced.

Human Factors specialists have, over the past
15 years, accumulated a great deal of perform-
ance data relating to areas such as vision, audi-
tion, design of controls and displays, layout of
workplaces, fatigue, human strength, - .otiva-
tional factors, and anthropometrics (body size).
Much of these data has been compiled in easy-
to use reference handbooks' °"! %, These refer-

ences provide design guidelines for such factors -

as maximum torque settings, minimum visi-
bility requirements, and optimal letter dimen-
sions for labels and instructional markings. More
complex application of Human Factors Engi-
neering principles, such as evaluaticn of fre-
quency and magnitude of potential human er-
rors, are best left to professional Huinan Factors
specialists.

25
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2-5.2 APPLICATION TO FUZE DESIGN PROBLEMS

Applying Human Factors Engineering te fuze
design problems reouires that the fuzing mech-
anista be considereu both (1) as a component
of a larger ammunition system, and {2) as a sys-
tem unto itself. In the first instance, the Human
Factors specialist must consider the entire stock-
pile-to-target sequence of the ammunition sys
tem and assess the impact of such factors as how
and where the system will be used; under what
conditions of environment (ilumination, weath-
er, etc.), by what types of iroops, under what
limiting conditions. As an example, ammunition
designed for rapid salvo firing may preclude mul-
tir-m-ose fuzing because of the time frame in-
volved, or at least, demand that multipurpose
settings be made under extremely rapid condi-
tions. This would imply that such settings re-
quire minimum applied torque and positive
(visual and auditory) feedback of setting. If
fuzes were armed and set at leisure, prior to
mission firings, more complicated setting and
arming procedures might be permissible. Human
Factors studies might be in order to provide
feedback da:a on how many fuzes could be
armed or settings be changed per minute under
varying conditions,

Examining fuze design as a component or
system unto iiself can be done in a relatively
straightforward manner by considering each
interaction between man and fuze. If fuzes
contzin visual displays (arm-safe marks, posi-
tion setting marks, special instructions, etc.),
reference should be made to the guidebook data
for selection of optimal numeral siyle, size,
color, etc. Choice of control modes—such as
rotating bands, selector switches, or screw set-
tings—can also be made on the basis of pre
vious study results,

The use of mechanical time fuzes in tank-fired
ammunition is a good illustration of Human
Factors Engineering applied on a system and a
component basis, considering not only fuze de-
sign but the overall use of the ammunition
system itself. Previously, a setting wrench was
used to set the mechanism that was held in posi-
tion by the large torque required to move it
(100 in.-oz). Because of the wide range (100
sec), each 0.1-sec setting represented a circum-
ferential movement of only 0.007 in. Hence, a
vernier scale had to be provided. This fuze,

2-6

obviously, was not suitable for firing from a
tank.

Fig. 2-3 shows Fuze, MT, XMa71, with the
setling mechanism redesigned for tank firing
The design has the following features:

(1) There is no need for time settings be-
yond 10 sec for tank-fired ammunition. The
runge of the setting was, therefore, reduced
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Figure 2.3. Setting Mechanism on Fuze, MT, XM571
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from 200 sec to 10 se¢c so that each 0.1-sec
setting represents a circumierential movement
of 0.07 in. This increase eliminates the need for
a vernier,

{2) The setting torque was reduced so that
the nose can be wurned by hand. A wrench is
thus no longer required. A knutl is provided on
the nose to insure a good g-ip.

(3) The time setting is held by the release
button. When the button is pushed, the nose
turns freely. The button has five teeth that
mate with an internai ring gear whose pitch is
such that each tooth represents 0.1 sec. When
the button ™ rzleased, it will lock the setting
at any 0.2-sec increment.

(4) To eliminate the need for tiring tables,
the scale is calibrated directly in meters, Lines
are numbered for every 200 meters up to 4400
meters. The intermediate 100-meter settings
heve atick inark. Incidentally, the scale is uneven
because the increments are on a time base,

(5) The size, shape, and *nickness of the
numbers and the numbered lines were selected
experimentally so as to be readable under the

red dome light during blackcut conditions.

(6) The fuze is shipped in a ready-to-use
cendition, requiriig no setting for muzzle ac-
tion. (Previously, fuzes were set to safe, thus
requiring a setting before firing.)

If one remembers the trying conditions under
‘which the user must adjust a fuze, one can un-
derstand why this amount of attention is re-
quired for so simple a device as a time-setting
mechanism,

2-6 INFORMATION SOURCES

From the many publications availabie in both
classified and unclassified literature, a basic
library has been selected for the fuze designer.
These general references, listed at the end of
this handbook, are identified by a letter to
make multiple referral easier.

Specific references used for the material dis-
cussed in this handbook are listed at the end of
each chapter. Other Engineering Design Hand-
books also contain information pertinent to
fuzes. For a list of current titles, see the inside
back cover.,
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CHAPTER 3
PRINCIPLES OF FUZE INITIATION

3-1 GENERAL

A fuze is a device used to cause functioning of
a munition at a desired time or under specific
circumstances. To accomplish this task, the fuze
must become armed, determine a time interval,
sense a target, or recognize some specific cir-
cumstance, and then initiate the desired action,
including any delays or other specialized actions
that might be required. Commonly, the desired
action is to start the propagation of an explo-
sion, These actions are divided into two main
parts, arming and functioning

Arming concerns the shift in the status of a
fuze from a safe condition to taat in which the
fuze can function. It is discussed extensively in
Part Two.

Fuze functioning is the succession of normal
actions from initiation of the first element to de-
livery of an impulse from the last element of the
explosive train. First, the fuze must sense the
target. When the proper target stimulus is re-
ceived, the fuze mechanism is then ready to go
through the steps that will lead to initiation of
the first element of the explosive train. These
steps differ depending on whether the fuze is
mechanical or electrical.

3-2 TARGET SENSING

Different munitions are assigned specific tasks.
Some are designed to detonate as they approach
their targets, others are expected to detonate up-
on impacting the target, and still others are ex-
pected to detonate only after penetrating the
target, In some cases, it is desired that the fuze
provide for opiional actions. Some fuzes are re-
quired to destroy the munition if no target is
sensed within a given time interval or flight dis-
tance. Some items, such as mines, are expected
to lie dormant for indefinite periods and then to
function when a suitable target moves into their
effective range. In every instance, the fuze must
first sense the target at the proper time or dis-
tance so that its subsequent actions may be ini-
tiated. This problem is usually solved in one of
these ways: (1) sensing by contact between

munition and target, (2) influence sensing with
no contact between munition and target, and
(3) presetting in which the functioning delay of
the fuze is set before launching or implacement.

3-2.1 SENSING BY CONTACT

Fuzes which are initiated by contact with the
target are the simplest and afford the most direct
solution of fuzing problems. All functioning ac-
tions start when some part of the munition
touches the target. When properly designed, this
system can be used to produce a detonation oi
the bursting charge anywhere from a short dis-
tance in front of the target to several feet within
the target.

The electrical or mechanical action of such
fuzes is usually activated by some mechanical
action resulting from contacting the target, for
example, by moving a firing pin, by closing a
switch, or by stressing a piezoelectric transducer.

Contact sensing satisfies a wide range of prob-
lems and results in positive action. On the other
hand, a direct hit is required. Other sensing
features are needed, particularly for antiaircraft
use, to function the fuze in case of near misses.
Contact sensing is applied in a variety of ways.

(1) On the target surface. The most straight-
forward use of contact sensing occurs when it is
desired to have a munition detonate on the front
surface of the target. When the fuze touches the
target, action starts at once and detonation
occurs as a direct consequence of the sensing.

(2) Behind the target. A typical example is a
munition designed to detonate within the struc-
ture of an aircraft. Methods of extending func-
tioning time or delaying detonation of the
bursting charge after first contact are discussed
in par. 4-4.1,

(3) In front of target. Another example is
that of detonating the bursting charge some dis-
tance in front of target. This distance in front of
the target, known as the stand-off distance, per-

mits the shaped charge of high explosive, anti
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tank (HEAT) rounds to develop a characteristic
jet that is particularly effective in defeating
armor. Extremely rapid fuze action (20 u sec)
is required to achieve the proper stand-off dis-
tunce. This can be achieved as follows: a piezo-
electric trunsducer is placed in the nose that will
initiate an electric detonator in the base, or an
explosive element is placed in the nose with
provisions for its detonation products to be
“spit back” through a tube in the base. The
second process is used for slow rounds (1500 fps
or less) and when the spit distance is short
(30 mm weapons),

3-2.2 INFLUENCE SENSING

This type of fuzing results in detonation of
the bursting charge .n the vicinity of the target.
fuch sensing is useful in a number of tactical
situations: to rain fragments on ground troops
from the air or to fill the air around an aircraft
with fragments: Since a direct hit is not neces-
sary, the net effect is that of an enlarged taxget.
The leading example of this type of influence
sensing is the proximity fuze of the radio type.
Originaily, such fuzes were called “VT” but the
term proximity is now preferred.

A simple proximity fuze of the radio type
contains a continuous-wave transmitter, an an-
tenna, and a receiver. When the emitted waves
strike a target, some of the energy is reflected
back to the antenna, Because of the relative
motion between fuze and target, the reflected-
wave frequency differs from the original emitted
frequency and the difference frequency (known
as the Doppler or beat-note frequency) is gen-
erated in the antenna and amplified in the re-
ceiver. When the signal reaches a certain value,
an electric detonator is initiated that in tum
functions the explosive train,

Proximity fuzes are the subject of other Engi-
neering Design Handbooks®'*, Some further dis-
cussion is given in par, 12-5.2,

Refinements of influence sensing become es-
pecially important for surface-to-air guided mis-
siles, The missile must sense the target both to
follow it and to initiate the fuze action, Several
methods are in use to do this: detectors sense the
target’s heat or noise, transmitted radio waves

3.2

sense the location of the target, or indeperdent
commands may artificially cause target sensing,
When operating properly, the missile guidance
system compensates for changes in target posi-
tion. Once the missile has come into target
range, it will then sense the target’s exact posi-
tion by another means to initiate fuze action.

3-2.3 PRESETTING

The third type of sensing is achieved by a time
fuze. Time is estimated and preset hefore firing
or launching the ammunition. Time fuzed ammu-
nition may be designed to function: (1) against
moving targets, (2) some distance from a fired
target or above ground, or (3) at the target
during subsequent events.

A range of a few seconds to two minutes is
common for time fuzes fired to explode against
moving targets or near targets. The decision as
to when the fuze shall function is based on in-
formation regarding wind velocity, target range,
position of the target when the missile is due to
reach it, and other pertinent details, On this
basis, the fuze is set to detonate at the estimated
most effective time after launching, and the in-
terval of time is measured during flight by ap-
propriate means, usually a clockwork mechanism
or an electric timing circuit carried in the fuze.

Time fuzed ammunition may also be dropped
or placed at a target and then requirel to func-
tion a long time (several days) after arrival, Such
action would, for example, permit friendly
troops to leave the area. These long intervals are
achieved by means of clockworks or chemical
delays.

3.2.4 COMMAND

Command fuzes initiate their munition on im-
pulses received after launching. This is usually
done by triggering the fuze with a radio signal
when observation iudicates that the fuze should
function, This point can be determined and the
command sent automatically by use of radar
and other electronic equipment.

3-25 COMBINATIONS AND SELF-DESTRUCTION

{t is often desired that a fuze be able to sense
the target in more than one way so as to in.
crease its effectiveness, It is possible, for ex-
ample, that a time fuze, set incorrectly, might
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"/ pass through a light target and then function

far out of range when the time runs ovt. On the
other hand, a fuze equipped to both contact-
sense the target and to be preset would function
when hitting a target before the predetermined
cme setting. In addition, the versatility of a fuze
is increased when it has more than one way of
sensing the target. A fuze may be built so that
the operator may preselect the action(s) desired.
While the impact-time combination mentioned
above is the most common, other combinations
are also used when needed.

An action often combined with contact sen-
sing fuzes is self-destruction. In the sense that a
fuze is informed in advance when to self-
destroy, this action compares to presetting, It
differs, however, in that no target is expected at
that point. This feature is used most often in
fuzes that are fired at aircraft so that they will
function before hitting friendly territory if they
miss their target, Self-destruction is accomplished
when the fuze senses that a certain amount of
time has elapsed or that some change in environ-
ment has occurred. This may be achieved di-
rectly by a timer, or indirectly by spin decay or
by change in acceleration.

3-3 MECHANICAL FUZE INITIATION

3-3.1 THE IN'TIATION MECHANISM

Once the fuze receives information that it
should start target action, a number of complex
mechanisms may start to operate. The necessary
power to operate the fuze must he made imme-
diately available, This power must then activate
any time delays or other necessary devices prior
to initiaticn of the first element of the explosive
train,

In a mechanical fuze, contact sensing (impact)
or presetting (time) is converted directly into
mechanical movement of a firing pin which in
tum is driven eitber into or against the first ele-
ment of the explosive train. This is a simple and
straightiorward process. Functioning delays are
usually obtained by pyrotechnic delays which
are an intimate part of the explosive train (see
par. 4-4.1).

A mechanical fuze is simple to produce, rea-

sonably foolproof in operation, and often re-
quires only inexpensive materials, However, such
a fuze is inherently slow in operation when com-
pared to actions taking place in the order of
microseconds, and it is not easily adaptable to
remote sensing.

For initiation then, it is necessary to obtain
relative motion between firing pin and primer.
For the simplest solution, the forces on muni-
tion impact are used to crush its nose, thereby
forcing the pin into the primer, In a base fuze,
the pin or primer may float in a guide through
which it moves when relative changes in mo-
mentum occur. Springs are also used to provide
relative motion between pin and primer, espe-
cially in time fuzes where inertial forces of im-
pact are not available,

Firing pins for stab initiation are different
from those for percussion initiation as ex-
plained in the paragraphs which follow. Typical
firing pins are shown in Fig, 3-1, Irnitiation by
adiabatic compression, on the other hand, does
not require a firing pin at all.

3-3.2 INITIATION BY STAB

If the pin punctures the primer case and enters
a4 suitable explosive charge, an explosion can be
produced, This is referred to as stab initiation.
The point of the stab firing pin commonly used
in United States fuzes is constructed in the shape
of the frustum of a right circular cone®, A firing
pin with a point in the shape of a pyramid seems
to improve sensitivity, but is more difficult to
manufacture, The criteria below have been de-
veloped for the design of stab firing pins. They
are illustrated in Fig, 3-2,

(1) Flat Diameter, Variations in this diam-
eter have shown little effect on energy input re-
quired for initiation below a diameter of 0.015
in, for stab initiated items of currently prevalent
design. For larger diameters, the energy input re-
quirements increase at a much higher rate,

(2) Included Angle. As this angle is de-
creased, the apparent primer sensitivity is in-
creased. However, some compromise must be
reached; for, the smaller is the angle, the weaker
is the firing pin. The angle should be hcld under
26° where practical because above this value the
required energy input increases rapidly.

(3) Corner Radius. A shaxp corner is desir-
able but a small radius is permissible. A radius

33
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0.418 - 0.0i2 DIAM.
0.079 -0.065 DIAM.

0.14 -0.0! 0.45-002

(4) Stab Pin for Fuze, M557

——— 1,362 -0.0i0 ——— }+—0.060-0.005

« -
I'e) / Jg‘m-om DIAM.
0.374-0002 oum./ aods—aoK
KEYWAY  SPHER. RAD.

0.126 WIOE

(8) Percussion Pin for Bomb Fuze, MS0H4,
10 Initiate M9 Delay E/emen?

NOTE:~ ALL DIMENSIONS IN INCHES

Figure 3-1. Typical Firing Pins

INCLUDED ANGLE 26°-4°

?\_ ‘O.OW;Z__L

'

ALL OVER

0.015-0.008 in.

Figure 3-2. Standard Firing Pin for Stab Initiators

of 0.004 in. is specified for the stab pin of
Fuze, M667 (Fig. 3-1).

(4) Material, Both steel and aluminum alloys
are in common use as firing pin materials. Tests
indicate a slight sensitivity advantage for steel,
but the difference is not sufficient to rule out
aluminum alloys or even other metals,

(5) Other Criteria, The rear end of the pin
may be shaped in any way convenient for assem-
bly. Two configurations are shown in Fig. 3-1.
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The firing pin slighment with the primer and the
surface finish of the pin will affect the sensitivity
of a stab initiator, Other considerations of im-
portance pertain dirxctly to the primer and are
discussed in par, 4-3. Generally, the primer speci-
fications indicate the details of a firing pin and
holder. A typical stab detonator is shown in Fig.
4-4(A).

3-3.3 INITIATION BY PERCUSSION

Contrary to initiation by stab, the firing pin
does not puncture the case in percussion initia-
tion. This difference in action is due to primer
construction. In a percussion primer, the explo-
sive is backed up by a metal anvil. The firing pin
dents the case and pinches the explogive between
case and anvil, The minimum energy of the firing
pin is, therefore, a function of the explosive, its
container, and the supporting structure. Energy
must be applied at a rate sufficient to fracture
the granular structure of the explosive. Inciden-
tally, percusgion primers are constructed in this
manner to seal the gases. Percussion primers are
discussed more fully in par. 4-3. Typical primers
are shown in Fig. 4-4(B) and (C).

Criteria for percrssion firing pins have not as
yet been refined to the same degree as those for
stab pins. However, studies have been made of
the effect of firing pin contour on the sensitivity
of specific primers, It was found that a hemi-
spherical tip gives greater sensitivity than a flat
tip and that there is little effect on primer sensi-
tivity as a result of changing tip radius. A full in-
vestigation of the sensitivity relationship with re-
spect to cup, anvil, charge, and pin has indicated
that sensitivity variations appear to originate in
the nature of primer cup collapse rather than in
the detonation phenomenon itself®,

A study of the effect of firing pin alignment
on primer sensitivity indicates that there is little
effect if the eccentricity is less than 0.02 in.
Above this eccentricity, sensitivity decreases
rapidly because of primer construction. Sensi-
tivity also decreases as the rigidity of the primer
mounting is decreased.

3-3.4 INIT!IATION BY ADIABATIC COMPRESSION

A very simple impact fuze that does not con-
tain a firing pin is one that is initiated by a proc-
ess called adiabatic compression. Fig. 3-3 illus-
trates a small caliber fuze of this type. The
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Figure 3-3. Initiation by Adiabatic Compression

explosive charge can be considered to be initiated
by the temperature rise resulting from the rapid
compression of the air column upon target im-
pact. It is also possible for fragments of the nose
of the fuze body to cause initiation. While this
fuze is easy to manufacture, it is neither as
sensitive nor as reliable at low velocities or for
thin targets as firing pin fuzes.

3-3.5 INITIATION BY FRICTION

The heat generated by friction is sufficiently
high to initiate an explosive reaction, Friction
can be generated in various ways, such as by
rubbing two surfaces together. An example of
friction initiation is Firing Device, M2 (Fig.
13-8), wherein a wire coated with a friction com-
position is pulled through an ignition mix. Be-
cause the heating time cannot be closely con-
trolled, friction initiation is used only in firing
devices, not in fuzes.

34 ELECTRICAL FUZE INITIATION
34.1 THE INITIATION MECHANISM

Why should the designer use an electric fuze?
First, the electric fuze can operate within a few
microseconds after target sensing. Second, the
electric fuze can be initiated from remote places;
for example, in a point-initiating, base-detonating

(PIBD) fuze, sensing occurs in the nose while
detonation proceeds from the base of the missile.
Third, eloctnic fuzes provide the potential for
accurate time control for time fuzes and for
functioning delays, both of which have not yet
been fully realized. Fourth, the use of electric
power sources and electric initiation affords in-
creased versatility and possibly less complexity
in achieving fuze safety.

The first step in the initiation of electric fuzes
is generally achieved mechanically. It consists in
connecting the power source (1) by using the
force of impact, (2) by electrical signals received
from the target, or (3) by command to the elec-
tric circuit. The second step consists of activating
any timing circuits which lie bet:veen the power
source and the first element of the explosive
train. This action culminates in the initiation of
the first element of the train at the desired time
and place,

More complex, then, than the initiation of
mechanical fuzes, initiation of electric fuzes in-
volves power sources, other electric components,
circuitry, and electrical initiation of the first ex-
plosive element, Electric fuzes are either exter-
nally powered or self-powered, each arrangement
having certain advantages. See also Chapter 7 on
electric arming. Additional details on power
sources are covered in other Handbooks®'!

34.2 EXTERNAL POWER SOURCES

The amount of electrical energy that can be
supplied from an external source is large enough
to ease the restrictions that must normally be
placed on timing circuits and detonator sensi-
tivity, For munitions launched from airplanes
or fired from ships, external power is readily ob-
tained, When a fuze is used in the field, on the
other hand, an external power supply may not
be available,

3-4.3 SELF-CONTAINED POWER SOURCES

The minimum energy required of a self-con-
tained power source is that needed to fire a
detonator. In addition, it may be required to op-
erate vacuum tubes or transistors. The source
must also meet the necessary military require-
ments for temperature, ruggedness, and aging
characteristics, The problems become difficult
because of the small amount of available space
for a power source in a fuze,
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Piezoelectric transducers and electromagnetic
generators are possibilities for converting the
abundant mechanical enexgy available in a missile
or projectile into sufficient electrical energy.
Varicus forms of batteries that convert chemical
or atomic energy into electrical energy have also
proven successful. In addition, a precharged con-
denser makes a satisfactory power source.

3-4.3.1 Piszoslectric Transducers

When a piezoelectric element is stressed me-
chanicelly, a potential difference will exist across
the element which will cause a charge to flow in
the circuit. One common method of manufac-
turing such transducers is to form a polycrys-
talline piezoelectric material into a ceramic,
These ceramics can be formed into any desired
shape, such as a disk. For actual use in a circuit,
the faces of the ceramic body are usually silver-
coated to form electrodes. In general, the voltage
across such an element is proportional to the
product of stress and element thickness while
the charge per unit area produced is proportional
to the applied stress, The voltage is developed
immediately when the element is stressed.

A straightforward use of a piezoelectric trans-
ducer is to place it in the nose of a projectile. On
impact, the element will be stressed and a voltage
pulse will be supplied directly to an electric ini-
tiator. The element must be designed to provide
the proper voltage. A word of caution—it is pos-
gible to generate high voltage (10,000 volts) up-
on target impact, which will break down the
electrical insulation thereby grov~ding out the
initiating pulse.

Piezoelectric elements are stressed on impact.
The signal is transmitted at once in those appli-
cations where it i desired to function the fuze a
very short time after impact. In HEAT projec-
tiles, for example, the main explosive charge
must be detonated before appreciable loss of
stand-off results from crushing of the ogive or
before deflection occurs from the target at high
angles of obliquity. This necessitates a fuze func-
tion time of 200 u sec or less after impact’*

These elements have also been used in appli-
cations where delay after impact is specified,
To accomplish this, the energy pulse generated
by the element at impact can be applied to the
detonator through a delay network. Another
possible solution is to stress the element on
firing to charge a capacitor. At impact, an im-
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pact switch or other device can discharge the
capacitor through the detonator to cause deto-
nation. Delay time will be a function of the RC
time constant of the circuit.

Piezoelectric elements are usually mounted in
either the nose or the base of a projectile. Fig,
3-4 shows a nose-mounted configuration. Electxi-
cal connections are brought out from the faces of
the disk. One side of the disk is grounded and the
other side is connected to the fuze base element
by an insulated wire that passes through the high
explosive. To eiiminate the wire connection, it
is sometimes possible to use parts of the fuze as
an electrical cornection between the nose-
mounted element and the detonator. Any parts
used for this purpose must be adequately insu-
lated from the Hize housing,

MEZOELECTRIC CRYSTAL

Figure 3-4. Piezoelectric Nose E lement

A somewhat simpler arrangement, in which
the element is mounted in the base of a round,
is shown in Fig. 3-6. This arrangement also
eliminates the connecting wire and results in a
self-contained base fuze. Mounting the element
in the base, however, requires that it be stressed
by the impact shock wave transmitted to the
base along the walls of the projectile.

In some applications, the complete fuze, in-
cluding the piezoelectric element, is mounted
in the nose of a round. As in the case of the base-
mounted element, this results in a self-contained
fuze. Care must be taken to prevent the fuze
from being damaged at impact, particularly in
applications where a delay-after-impact feature
is incorporated.

Quite often, better performance can be ob-
tained by usir two or more elements connected
in electrical parallel rather than a single element.

To reduce the possibility of premature fuze
function, a bleeder resistor is normally con-
nected across the piezoelectric element to dissi-
pate any electrical charge that it might accumu.
late during storage or as a result of stress induced
by setback or spin. The value of the bleeder re-
sistor must be high enough to insure that most
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Figure 3-5. Piezoelectric Base Element

of the energy delivered by the element is dissi-
pated in the detonator. Some protection against
prematures as well as decreased sensitivity to
light targets (such as 1/8-in. fir plywood) may be
obtained by the use of a large air gap (in the or-
der of 0.150 in.) in the circuit between the ele-
ment and the detonator, This gap is closed by the
force of impact with heavier vargets. A small gap
(in the order of 0.010 in,) may be used if a mate-
rial with a suitable dielectric is added. Upon im-
pact with the target, sufficient energy must be
generated by the piezoelectric element to cause
electrical arcing through the dielectric permitting
normal functioning. The use of a bleeder resistor
is recommended even with a spsrk gap. The
bleeder resistor should directly shunt the piezo-
electric element and not include the spark gap in
its circuit,

The Piezoelectric Control-Power Supply,
XM22E4, is shown in Fig. 3-6%. It is the power
source for the XM539E4 Base Fuze of the
XM409 HEAT Cartridge. The power supply,
housed in the nose, was designed to supply the
base element with an electrical charge at the
propei time, The minimum charge is set at 300
volts with 1000-picofarad capacitance, Basically,
the power supply consists of a piezoelectric
ceramic elemeni and an inertia ball switch, both
contained withi1 a steel envelope that is hermeti-
cally sealed.

The piezoid is held in an anvil that provides
support during setback and also provides electxi-
cal connection to the terminal pin. From there, a
wire connects to the fuze in the base. A fulerum
plate bears against the opposite face of the pi-
ezoid and also acts as the other leg of the elec-
trical connection that follows through the adja-
cent parts and to the impact switch. Further
electrical continuity is interrupted by the switch
insulator. Upon deceleration due to impact or
graze function, the ball is driven forward, de-
flecting the tanks of the switch, and making con-

tact with the steel envelope., The envelope is
grounded to the projectile, thereby completing
the circuit and allowing the energy in the piezoid
to flow to the fuze.

Electrical energy is stored in the piezoid by a
unique reversal of piezo-strain. Sethack forces,
acting on the components in front of the piezoid
(viz: the fulcrum plate, shorting bar, ball sup-
port), generate a compressive strain within the
piezoid. This strain produces an electrical poten-
tial between the piezoid surfaces. As the setback
forces approach a maximum value, setback de-
flects the shorting bar tang and makes contact
with the anvil through the slot provided in the
fulcrum plate, causing a short circuit between
the piezoid surfaces. The short reduces the po-
tential across the piezoid tn zero while the pie-
zoid is still strained. When the setback forces
decrease, the shorting bar tang returns to its
original position, removing the short. The pie-
zoid is unstrained as setback decays to zero,
generating a new potential of opposite polarity
which is retained by the capacitance of the ele-
ment until the ball switch is closed. The ball
switch was designed to function upon graze

impact and upon impacting soft targets that do*

not crush the nose of the round.

3-4.3.2 Electromagnstic Generators

Electromagnetic generators are divided into
two general types, rotated and sliding. Both of
SHORTING BAR

FULCRUM PLATE \ OAIKL SWITCH

FiEZ0I0 \ \ L swITCH
\ INSULATOR

/|
.A/ﬁ

.

S SIS NN

/
TERMINAL

b———0 881 in. DAM—— ]

______ A
!—————‘-—nooa in —————-41
Figure 3-6. Piezoelectric Control-Power Supply,
XM22E4
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these necessitate relative movement between a
magnet and a conducting coil.

The generated voltage depends upon the num-
ber of lines of magnetic force which the conduc-
tor can cut and the velocity with which this cut-
ting is accomplished. As an exampie of the first
type, a fuze may be supplied with energy from
an electric generator that is wind-driven by an
external propeller at speeds up to 50,000 rpm.
The generator must be small, light, rugged,
stable, and simple in operation. The rotor is a
small permanent magnet while the stator carries
two windings, one for low voltage and the other
for high voltage. The low voltage, AC, heats the
vacuum tube filaments but the high voltage is
rectified with a selenium rectifier and the re-
sulting DC signal is filtered for the plate supply.
This voltage may also be used to fire an electric
detonator,

Fig. 3-7 shows a typical circuit for an elec-
trical system thai can be solved for the voltage
across the load resistance R, by applying Max-
well’s loop current methods. Here

do
E = -Ne, volt 31
. " (3-1)

where £ p is the generated voltage, N is the num-
ber of turns in the coil, and dd/dt is the rate of
change of the flux in weber/sec. The flux is rela-
tively constant, but since the rotor speed varies
widely, £ also varies, The voltage may be regu-
lated by the following method: The load resist-
ance is made small in comparison with the in-
ductive reactance of the stator winding. Then as
the rotor speed increases, the frequency of the
generated voltage increases. However, the in-
ternal impedance of the generator increases
which tends to hold the output voitage constant.
Also a capacitor is shunted across the load re-
sistor. As the frequency increases, the impe-

INDUCTIVE REACTANCE X

CAPACITIVE ] |
REACTANCE _J_ ReUISTIVE

Xe LooP A
CURRENT L‘,’,‘n
WY

Figure 3-7. Typical Circuit for Wind-driven
Generator
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VOLTAGE wogr
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A
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dance falls which again tends to hold the voltage
applied to the load constant,

The other form of electromagnetic generator
can be used in contaci-sensing fuzes. Upon im-
pact, a magnet is pushed through a coil or a
coil is pushed past a magnet. This can be done
either by using the impact forces directly to
move one or the other members, or by using the
impact forces to release the moving element
which would then be spring-driven past the other
elements.

Induced voltage for this second type of elec-
tromagnetic generator follows the same law as
that stated for the rotated generator. The flux
can be changed by altering the gap size in the
magnetic circuit, by rem.oving or adding a keeper
to the magnet, or by introducing other materials
into the magnetic circuit. Any of these circuit
changes can be accomplished with the mechani-
cal forces available during impacts.

3.4.3.3 Batteries

Batteries are appealing because they can be
adapted to a large number of situations, They
are of several types’.

Batteries with radioactive elements are, in gen-
eral, high-voltage low-current-drain cells. These
are usually used to keep a capacitor charged.
They have good temperature and age characteris-
tics. Wet-cell type batteries can be designed with
any output from low-voltage, low-drain batteries
to high-voltage, high-drain batteries. At present
most of them have poor age and temperature
characteristics. In solid electrolyte batteries, a
solid replaces the liquid electrolyte of the wet
cell, Such batteries are restricted to small cur-
rents because of their high internal resistance.
Reserve batteries are those that are activated just
prior to launching (by some external force) or
during launching (by using the launching forces).
They can be designed for a wide vange of con-
ditions and have good age and temperature
characteristics.

One of the most common fuze batteries in
use today is the thermal battery. A thermal
battery is basically a primary voltaic cell of the
reserve type*. During storage, the electrolyte is
in an inactive solid state, When heat is applied to
the electrolyte (temperature of about 750°F),
the electrolyte becomes a liquid ionic conductor.
A complete thermal battery contains an integral
source of heat that is inert until required for
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operation, One way of providing heat is to sur-
round the individual celis with a pyrotechnic
meterial that is ignited by a percussion primer.
The activation time (the time for the electrolyte
to melt) varies from about ' sec to about 8 sec
depending on battery size; the smaller the bat-
tery, the faster the activation time. Thermal
batteries can be designed for a variety of dimen-
sions and outputs. Their active life is about 10
min, They are inherently rugged, withstanding all
required shock and vibration tests, and have a
shelf life of approximately 15 yr.

3-4.3.4 Capacitors

Capacitors can be used as convenient sources
when an electric pulse of short duration is re-
quired. Advantages are lightness, economy, and
stability. Capacitors may either be precharged
from an external power source or from a self-
contained source such as a battery or a piezo-
electric transducer. Assume that the voitage to
which the capacitor is charged, the minimum.
voltage required to initiate the detonator, and
the load resistance are known, Then the time
interval ¢ during which a given capacitor csn op-
erate as a power supply, i.e., retain a usable
charge, is given by

E
t= RL C ln==-, sec (3-2)

E

where

R, = total leakage resistance of the sys-
tem, including the capacitor, ohm
C = capacitance of the capacitor, farad
E = voltage at which capacitor is

charged, volt

E ' = voltage required to initiate the det-
onator at the capacitance of the
capacitor, volt

The dielectric materials with the least leakage
for use in fuze capacitors are Mylar*, polysty-
rene, and mica.

*Registered trade name, ki, I.duPont de Nemours & Co.,
Inc., for polyathylene glycol terephthalate.

Capacitors are also useful if they are con-
nected in parallel with a battery of high voltage
but of low current. Such a battery can supply
electrical energy over a period of time to charge
the capacitor to the open circuit voltage of the
battery and maintain that charge if its output
is greater than the leakage current. The capacitor
can then discharge this stored energy at the de-
sired time and rate. The electrical energy H, is
given hy

He =5 C (Ef - Ef ), Joule (3-3)

where the E’s are in volts and C in ferads.
3-4.4 TIMING CIRCUITS

Electrical time fuzes and electrical functioning
delays are achieved by the same general system.
Since RC timing circuits are used more common-
ly in the arming process, they are discussed in
par.7-3.

345 INITIATION OF THE FIRST EXPLOSIVE
ELEMENT

While the details of electrical explosive ele-
ments are discussed in par. 4-3.1.4, consideration
must be given to their initiation. In mechanical
initiation, fuze functioning and initiation of the
first element in the explosive train are directly
related. Electric initiators, however, respond to
an electrical signal that may be produced far
from the initiator so that the electric pulse may
be affected by the transmission line. Also, the
resistance of the initiator can affect size and
duration of this transmitted pulse from the
power source, Different initiators have resist-
ances which vary from a few ohms, or even to
megohms. Energy requirements vary from a
few hundred to several thousand ergs although,
for certain initiators, the initiating energy is not
the most satisfactory or only parameter to
consider,

The designer, after deciding upon a suitable
power source, must first ascertain what part of
its original pulse can be passed on to the initiator
and then he must choose an initiator wh’'ch will
detonate when the minimum available pulse is
applied. This is often a difficult problem be-
cause the parameters of the initiator have not
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necessarily been determined in the same terms as
those that define the power source pulse.
Suppose, for exampie, a battery is chosen
as the source, This battery operates at a cer-
tain voltage with one resistive load for a speci-
fied time interval. However, the voltage or
the time may be greatly changed if an initiator
is chosen with its resistance several orders of
magnitude lower or higher. It then may be
necessary to redetermine the action of the

battery or to choose another initiator. The ini-
tiators with larger resistance often require higher
voltage levels than those with the small re-
sistances even though the energy requirements
may be less. This circumstance sometimes de-
velops into an oscillating test program in which
one initiator is chosen {o fit the available pulse
and then the power source is modified to make
the fit even ci.ser. Then a new initiator is
chosen, etc.
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CHAPTER 4
THE EXPLOSIVE TRAIN

4-1 GENERAL

The explosive train is an important part of the
fuze system in that it provides transistion of a
relatively feeble stimulus into the desired explo-
sive output of the main charge. An explosive
train is an assembly of explosive elements ar-
ranged in order of decreasing sensitivity. V/hile
both high and low explosive trains exist, we are
concerned mainly with the former in this
chapter.

The reader is urged to study the handbook,
Explosive Trains °, if his interest is in the design
or development of explosive trains. This refer-
ence contains far more detail and many more
references on the subject than can be included
in the scope of this handbook.

4-2 EXPLOSIVE MATERIALS

Explosive materials used in ammunition are
substances or mixtures of substances which may
be made to undergo a rapid chemical change,
without an outside supply of oxygen, with the
liberation of large quantities of energy generally
accompanied by the evolution of hot gases. Cer-
tain mixtures of fuels and oxidizers can be made
to explode and these are considered to be explo-
sives. However, a substance such as a fuel which
requires an outside source of oxidizer, or an oxi-
dizer which requires an outside source of fuel to
explode, is not considered an explosive. In gen-
eral, explosives can be subdivided into two
classes, low explosives and high explosives ac-
cording to their rate of reaction in normal
usage.

Nearly all types of explosives are represented
in fuzes. Each one has its peculiarities and ef-
fects. Some materials are described in order to
provide a basis for comparison. Since this is a
complex field, only the essential ideas have been
introduced for use in later chapters.

42,1 LOW EXPLOSIVES

An explosive is classified as a low explosive
if the rate of advance of the chemical reaction
zone into the unreacted explosive is less than the

veiocity of sound through the undisturbed mate-
rial. When used in its normal manner, low explo-
sive burns or deflagrates rather than detonates.
The burning rate depends upon such characteris-
tics as the degree of confinement, area of burn-
ing surfrce, and composition. In many instances,
low explosives are fuels mixed with suitable oxi-
dants in order to obtain the proper burning
action,

As shown in Fig. 4-1, burning starts at the
point of initiation O and travels along the col-
umn of explosive as indicated'. The products
travel in every direction away from the bumning
surface. As a result, pressure is built up within
the space of confinement. The velocity of propa-
gation increases with pressure until it becomes
constant.

Low explosives are divided into two groups:
(1) gas-producing low expiosives which include
propellants, certain primer mixtures, igniter mix-
tures, black powder, photoflash powders, and
certain delay compositions; and (£) non-gas-pro-
ducing low explosives including the gasless type
delay compositions.

COLUMN OF LOW EXPLOSIVE

TR | A i
7

FLAME FRONT

o

STABLE BURNING RATE ——/

D'STANCE ALONG COLUMN —>

BURNING RATE —>>

€y =VELOCITY OF SOUND WAVE
IN UNDISTURBED MEDIUM

Figure 4-1. Burni..g Low Explosive

4.2.2 HIGH EXPLOSIVES

An explosive is classified as a high explosive if
the rate of advance of the cheniical reaction zone
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into the unreacted explosive exceeds the velocity
of sound through this explosive. This rate of ad-
vance 18 termed the detonation rate for the ex-
nlosive under consideration. High explosives are
divided into two grouns; primary and secondary.

Primary high explosives are characterized by
their extreme sensitivity in iritiation by both
heat and shock®. The detonation rate stabilizes
in a short period of time and in a very small dis-
tance even with a weak mechanical or heat stiinu-
lus. It is generally considered that materials such
a8 lead szide, lead styphnate, diazodinitrophenol,
and hexanitromannite are primary high explc-
sives,

Secondary high explosives are not readily ini-
tiated by heat or mechanical shock but rather by
an explosive shock from a primary explosive,
Materials such as PETN, RDX, tetryl, Composi-
tion B, Composition A-3, Composition C-4, TNT,
and picratol are considered secondary high explo-
sives,

Certain materials can be cited that apparently
show an overlapping of definitions even though
these definitions are the ones commonly used.
For example, a double-base propellant when ini-
tialed with an igniter reacts as a low explosive;
but this material can be made to detonate if it is
initiated with an intense shock., Conversely,
TNT, a high explosive, can be ignited by flame
under certain conditions, and it will burn with-
out detonating.

The detonation velocities of high explosives
are illustrated in Figs. 4-2 and 4-3. Fig. 4-2
shows a column of high explosive that has been
initiated at O, When the reaction occurs prop-
erly, the rate of propagation increases rapid’
exceeds the velocity of sound ¢, in the unreacteu
explosive, and forms a detonation wave that
has a definite stable velocity.

Fig. 4-3 shows the rate of propagation of a
reaction front under ideal conditions (upper
curve) and poor conditions “ower curve). The
reaction starts and becor :; a detonation if the
proper conditions exist. However, if the ini-
tiating stimulus is insufficient or if the pnysical
conditions (such as confinement or packi.g) are
poor, the reaction rate may follow the lower
curve. The front may then travel at a much
lower speed and this speed may even fall off
rapidly.

This growth of a burning reaction to a detona-
tion is influenced considerably by th= conditions

»f density, confinement, and geometry as well

4-2

as the vigor of initiation, particle size, amount of
charge reacted initially, and other factors.

COLUMN OF HIGH EXPLOSIVE
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Figure 4-2. Detonating High Explosive
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Figure 4-3. Examples of Good and Poor
Detonations

4-2.3 CHARACTERISTICS OF HIGH EXPLOSIVES

Some of the most important characteristics
are sensitivity, stability, detonation rate, com-
patibility, and destructive effect. Although these
properlies are the ones of most interest to the
fuze designer, they are, unfortunately, difficult
to measure in terms of an absolute index. Stand-
ard laboratory tests, empirical in nature, are still
used to provide relative ratings for the different
explosives. Hence, the designer must rely upon
these until more precise methods of evaluation
are devised.

input sensitivity refers to the energy stimulus
required to cause the explosive to react. A highly
sensitive explosive is one that initiates as a result
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of alow energy input. All explosives have charac-
teristic sensitivities to various forms of stimuli
such as mechanical, electrical, or heat impulses.

The most common form of mechanical stimu-
lus is impact. See Table 4-1 for impact sensi-
tivity ratings of explusives. Sens«teeity of an ex-
plosive to impact is determined by dropping a
2-kg weight on a sample of the explosive from
different heights. Sensitivity is then defined as
the least height at which 1 out of 10 tries results
in an activation. The greater the drop height, the
lower is the sensitivity. Different apparatus yield
slight differences in resuits. There are two types
of apparatus commonly employed: one devel-
oped by the Bureau of Mines® and one by
Picatinny Arsenal®.

TABLE 4-1. IMPACT SENSITIVITY OF EXPLOSIVES
PA Impact

Drop of 2-kg Bureau of
Explosive Weight, in. Mines, in.
Lead Azide 5 1
Lead Styphnate 3 7
TNT 14 40
RDX 8 13
Tetryl 8 11
Composition B 14 30

Heat energy may be applied as friction. The
friction pendulum test measures sensitivity of an
explosive when exposed to a pendulum on which
a shoe swings and rubs on the explosive, This
test shows to what extent the « :plosive is af-
fected by friction and impact.

Another method for determining sensitivity to
explosive input is provided by a brisance test.
Bnisance is the shattering effect shown by an ex-
plosive, The weight of a primary explosive neces-
sary to obtain the maximum crushed sand from
the sample explosive is found. The standard test
uses a sand bomb holding 200 g of special sand.
A No. 6 blasting cap containing 0.4 g of the
sample explosive is buried in the sand. The
weight of lead azide (used to initiate the sample
explosive) necessary for the sample to crush the
greatest amount of sand is the measure of input
sensitivity. For example, explosive A is con-
sidered niore sensitive than explosive B if less
azide 15 required for A than for B, Other recent
methods for measuring output include tests of
detonation rate, internal blast, plate dent, air
shock, and cord gaf tests.

Stability is the measure of an explosive’s abil-
ity to remain unaffected during prolonged stor-
age or by adverse environmental conditions (pres-
sure, temperature, humidity). Samples of the ex-
plosive are removed periodically (annually) from
storage and tested for any change in properties.
Ordinarily the time required for such surveillance
tests is too long, hence accelerated tests are car-
ried out under simulated environmental condi-
tions. Weight loss, volume of gas evolved, time
for traces of nitrogen oxides to appear, tempera-
ture of ignition, decomposition, or detonsation
provide data from which the stability of the ex-
plosive may be inferred with a reasonable degree
of certainty.

Cempatibility implies that two materials, such
as an explosive charge and its container, do not
react chemically when in contact with or in
proximity to each other, particularly over long
periods of storage. Incompatibilities may pro-
duce either more sensitive or less sensitive com-
pounds or affect the parts they touch. If the
metal container is incompatible with the expio-
sive, coating or plating it with a compatible mate-
rial will often resolve the difficulty. The com-
patibility of two materials may be determined
by storing them together for a long lLime under
both ordinary and extreme conditions of temper-
ature and humidity. Table 4-2 lists compati-
bility relations among various metals and com-
mon explosive materials, The blank spaces indi-
cate no definite results to date.

Table 4-3 lists several physical properties of
high explosives, The densities are given in g/cm?
and the detonation velocities in m/sec. Other
properties are found in standard reference
books®*,

Table 4-4 contains a list of common explo-
sive materials. They are used, for example, in
primers, detonators, leads, and boosters (see
par. 4-3).

4-2.4 PRECAUTIONS FOR EXPLOSIVES

No explosive materials are safe; but when
handled properly, all of them are relatively safe’.
The first requisite for safe handling of explosives
is to cultivate respect for them. One who leamns
only by experience may find that his first ex-
perience is his last. The potentialities of all com-
mon explosives should be learned so that any
one of them can be handled safely.
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TABLE 4-2. COMPATIBILITY OF COMMON EXPLOSIVES AND METALS

Lead Lead

Azide Styphnate PETN RDX Tetryl
Magnesium N BNS
Aluminum AN AN ANVS AN VS AN
Zinc CN A B VS
Iron N A BS
Steel CN BNVS AVS S CH
Tin AN A AN
Cadmium C A
Copper DN A B N VS AS § AN
Nickel C A AN
Lead N A AN
Cadmium plated steel BNS VS VS AN
Copper plated steel N B N VS BVS VS AVS
Nickel plated steel N B N VS AN S AN
Zinc plated steel N B N VS AN S AN
Tin plated steel N A B VS
Magresium aluminum VS BNS
Monel Metal CN
Brass DN BNS AS S B VS
Bronze N A AVS
18-8 stainless steel AN A ANN AN N AN
Titanium N N N
Silver N N N

CODE

A no reaction

B slight reaction

C reacts readily

D reacts to form sensitive materials

4-2.4.1 General Rules for Handling Explosives

(1) Consult the safety regulations prescribed
by the military agency and by the local and
Federa! Governments.

(2) Conduct all experiments in the prescribed
laboratory space, never near storage spaces of
bulk explosives.

(3) Experiment with the smallest sample of
explosive that will answer the purpose.

(4) Keep all work areas free from contami-
nants.

(5) Avoid accumulation of charges of static

4.4

H heavy corrosion of metals

VS very slight corrosion of metals
S slight corrosion of metals
N no corrosion

electricity.

(6) Avoid flame- and spark-producing equip-
ment,

(7) Keep to a minimum the number of per-
sonnel at work in the same area, but one man
should never work alone.

(8) Be sure that the chambers for *“‘loading”
and “exploding” are well shielded electrically
and mechanically.

(9) Some explosive materials are stored wet,
some dry, and some in special containers, In-
sure that the special requirements for each type
are complied with in full,
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TABLE 4-3. PHYSICAL PROPERTIES OF FUZE EXPLOSIVES
Physical Characteristios Detonating Velocity Loading Pressure
Crystal Melting
How Denait Point, Density Used, Velocity, Pressure. Density,
Explosive Loaded g em °c g/em? m’'sec psi grem’
Tetryl® Pressed  1.73 130 1.71 7850 5,000 1.47
15,000 1.63
RDXP Pressed  1.82 204 1.65 8180 5,000 1.52
15,000 1.65
PETNC Pressed 1.77 141 1.70 8300 5,000 1.58
20,000 1.7
Lead Azide Pressed 4.80 Decomposes 4.0 5180 5,000 2.1
15,000 3.07
Lead Styphnate  Pressed 3.02 Detonates 29 5200 5,000 2.23
15,000 2.57
TNTd Castor 165 81 1.56 6640 5,000 1.40
Pressed 6825 156,000 1.52
NOTE: a 24,6, Trinitrophenyl Methylnitramine
b Cyclotrimethylenetrinitramine
¢ Pentaerythrite Tetranitrate
d 2,4,6, Trinitrotoluene
TABLE 44, COMMON EXPLOSIVE MATERIALS
Acceptable Use Only for
Use Normally Used for miztures Special Applications
Primer Lead Azide Antimony Sulfide Diazodinitrophenol
Lead Styphnate Barium Nitrate Mannitol Hexanitrate
Basic or Lead Sulfocyanate Mercury Fulminate
Normal Nitrocellulose Nitrostarch
Tetracene
Detonator
Intermediate
Charge Lead Azide Same as above
Base Charge Lead Azide Same as above
PETN
Tetryl
Lead or Booster RDX Pentolite
RDX/wax Pressed TNT
Tetryl PET!

4.2.4.2 Storsgs of Live Fuzes

effects of an explosion of the fuzes. For the pur-
pose of hazard categorization, ammunition is di-
vided into twelve classes depending upon their

Fuzes like other explosive items are normally  relative strength and sensitivity. Of these .tems
stored in igloo magazines covered with earth, fuzes are of medium hazard, hence are listed in
Protection is afforded against fuze initiation due  classes 3 to 8 cdepending upon their coatents
to external explosions and against spreading the  and packaging.
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43 INITIAL EXPLOSIVE COMPONENTS

43.1 GENERAL CHARACTERISTICS

It has been convenient to use the term initiator
to refer to a class of devices including primers,
detonators, and several special devices that are all
in"*ial explosive components.

A primer is a relatively small, sensitive explo-
sive component used as the first element in an
explosive train. As such it serves as an energy
transducer, converting electrical or mechanical
energy into explosive energy. In this respect,
then, the primer is unique among the other ex-
plosive components in a train.

A primer, which is loaded with sensitive mate-
rial, has a relatively small explosive output. It
may not detonate, but it may induce detonation
in succeeding components of the train. Some-
times, however, the purpose of a primer is per-
formed, for convenience in fuze design, by other
components such as an electric detonator.

A detonator is a small, sensitive, explosive
component that is capable of reliably initiating
high order detonation in the next high explosive
element in the explosive train. It differs from a
primer in that its output is an intense shock
wave. It can be initiated by nonexplosive energy
or by the output of a primer, Furthermorve, it
will detonate when acted upon by sufficient
hest, mechanical, or electrical energy.

Primers and detonators are commonly placed
into two groups, namely mechanical and electri-
cal, Electrical includes those which are initiated
by an electric stimulus while all others are me-
chanical. Therefore, the mechanical group in-
cludes not only percussion and stab elements
which are initiated by the mechanical motion of
a firing pin but also flash detonators which are
included because of their similarity in construc-
tion and sensitivity. As a group, electrical ini-
tiators are more sensitive and difter from the
mechanical group in that they contain the ini-
tiating mechanism, the plug, as an integral part.
The paragraphs which follow describe the com-
mon initiator types.

4-3.1.1 Stab Initiators

The stab initiator is a rather simpic item con-
sisting of a cup loaded with explosives and cov-
ered with a closing disk. It is sensitive t0 me-
chanical energy. A ‘rnical stab detonator is
shown in Fig. 4-4{A).
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4-3.1.2 Percussion Primers

Percussion primers differ from stab initiators
in that they are initiated and fired without punc-
furing or rupturing their containers. They are
therefore used in fuzes mainly as initiators for
obturated (sealed) delay elements. The essential
components of a percussion primer are a cup, a

. thin layer of priming mix, a sealing disk and an

anvil. Initiation is accomplished by a blunt firing
pin which squeezes the priming mix between cup
and anvil. Typical percussion primers are shown
in Fig. 4-4(B) and (C). In general, they are less
sensitive than stab initiators (12 in.-oz is a typi-
cal “all-fire” point). Percussion primer cups are
constructed of ductile metals, commonly brass,
in order to avoid rupture by the firing pin.

4.3.1.3 Flash Datonators

Flash detonatlors are essentially identical in
construction to stab initiators. They are sensi-
tive to heat, A typical flash detonator is shown
in Fig. 4-4(D). Iash detonators are considered
to be initiators for conveniencs of grouping even
though they are not the first element in the ex-
plosive train.

4.3.1.4 Electric Initiators

Electric primers and electric detonators differ
from stab initiators in that they contain the ini-
tiation mechanism as an integral part. They con-
stitute the fastest growing class of explosive
initiators (see also par. 4-4.5.2).

Several types of initiation mechanisms are
commonly employed in electric initiators: hot
wire bridge, exploding bridgewire, film bridge,
conductive mixture, and spark gap. Typical elec-
tric initiators are shown in Fig. 4-6. Electrical
contact is by means of two wires, by center pin
and case, or occasionally by two pins.

To describe the construction, let us examine a
wire lead initiator. Two lead wires are molded
into a cylindrical plug, usually of Bakelite, so that
the ends of the wire are separated by a con-
trolled distance on the fiat end of the plug. This
gap can then be bridged with a graphite film or a
bridgewire,

4-3.1.b Squibs

Metal parts of squibs are identical to those of
electric initiators, A typical squib is shown in
Fig. 4-6. A low explosive, flash charge is provided
to initiate the action of pyrotechnic devices (see
also par. 4-4.5.2).
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4-3.2 INPUT CONSIDERATIONS

When using primers and detonators, one must
consider both input and output characteristics,
The decision as to which characteristic to use is
often dictated to the designer by the quantity of
input energy available. For details on fuze initia-
tion see pars. 3-3 and 3-4. Sensitivity should be
no greater than necessary in the required appli-
cation.

Output of the initiator must be considered at
the same time as input. The system requirements
will usually determine the type of output
needed: a flame, a detonation, or a mechanical
function. While perhaps to a lesser extent in this
regard, the fuze designer is also concerned with
construction features,

Information has been published on the char-
acteristics of initiators that can serve as a good
starting point for consideration’’ >®, Functioning
times as well as sensitivity are readily available
together with sizes, mounting methods, and con-
nections. The exploding bridgewire initiators
have been surveyed in a journal article’. Many
explosive trains of different types exist that
have a proven record of performance ©

4-3.3 OUTPUT CHARACTERISTICS

The output of a primer includes hot gases, hot
particles, a pressure pulse which, in some cases,
may be a strong shock, and thermal radiation.
Measurable quantities which have been used to
characterize primer output include: the volume
of the gas emitted; the impulse imparted to a col-
ume of mercury by the pressure puise; the light
output as measured by a photocell; the tempera-
ture rise of a thermocouple exposed to the out-
put gases and particles; the ionic conduction be-
tween a pair of probes exposed to the output;
the pressure rise in a chamber in which the out-
put is confined; the propagation velocity of the
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air shock, the hangfire, namely the time lapse be-
tween supply of mechanical energy to the primer
output; and flame duration. Each of these meas-
urable quantities has been related to effective-
ness in one or another application by experi-
ment, theory, or intuition. However, no general
quantitative relationship of value to a designer
has been developed.

As its name implies, a detonator is intended to
induce detonation in a subsequent charge. The
two features of its output which are usefui for
this purpose are the shock wave it emits and the
high velocity of the fragments of its case. The
output effectiveness of detonators of current de-
signs is directly related to the quantity of the ex-
plosive which detonates, and to the vigor of
this detonation. These quantities are somewhat
less predictable than in most other components
because the transitions from burning to detona-
tion and from low order to high order detona-
tion take place in the detonator,

These transitions can require anything from a
hundredth of an inch to the whole length of a
detonator, depending upon such factors as load-
ing density, composition, particle size, confine-
ment, and column diameter. However, recent de-
velopments in lead azide production have re-
sulted in materials in which these transitions re-
quire so little explosive that the output of a
detonator can be predicted with a fair degree of
confidence.

The effective cutput of a detonator includes
factors of pressure, duration, and area over
which the pressure acts. Clearly a simple product
of these quantities is inadequate as a character-
ization because alow pressure of either long
duration or large extent would obviously be
ineffective,

Detonator output is measured by means of
gap or barrier tests, sand test, copper block test,
lead disk test, steel plate dent test, Hopkinson
bar test and in terms of the velocity of the air
shock produced

The output characteristics are achieved by
means of the explosives used. Primers are loaded
with one of a variety of priming compositions.
Typical detonators have three charges—a priming
charge, an intermediate charge, and a base
charge--alithough two of these can be combined.
The priming charge is like that of the primer,
The intermediate charge is usually lead azide
while the base charge can be lead azide, PETN,
tetryl, or RDX.
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43.4 CONSTRUCTION

Initiators usually consist of simple cylindricat
metal cups into which explosives ase pressed and
various inert parts inserted. MIL-STD-320 de-
scribes design practices and specifies the standard
dimensions, tolerances, finishes, and materials
for initiator cups. In general, all initiator designs
snould conform to this Standard. However, it is
not the intent of the Standard to inhibit the de-
velopment of new concepts so that an occasional
departure from the standard may be necessary
for special circumstances.

Initiaters are loaded by pressing powdered ex-
plosive into the cup at between 10,000 and
20,000 psi. When the length of an explosive
charge is greater than its diameter, the usual
practice is to load it in increments not over one
diameter long, After loading, the cup is closed
with a sealing disk and crimped. In addition to
the explosive, electric initiators contain a plug
assembly consisting of the plug, electrodes, and
bridge.

4-4 OTHER EXPLOSIVE COMPONENTS
44,1 DELAY ELEMENTS

Delay elements are incorporated into an ex-
plosive train to enhance target damage, by allow-
ing the missile to penetrate before exploding, or
to control the timing of sequential operaticns,
When the explosive train provides a time lag,
the component creating this lag is called a delay
element. The delay must, of course, be so incor-
porated in the fuze that it will not be damaged
during impact with the target. This feature is
most easily achieved by placing the fuze in the
base of the missile. If this is notl possible, the
delay must be buried deep in the fuze cavity in
the event that the forward portion of the fuze is
stripped from the missile on target impact.

Generally, delay columns burn like a cigarette,
i.e., they are ignited at one end and burn lincarly.
Delays may be ignited by @ suitable primer. Igni-
tion should occur with as little disruption of
the delay material as possible because a violent
ignitio. can disrupt or even bypass the delay col-
umn. For this reason, baffles, special primer as-
semblies, and expansion chambers are sometimes
included in a delay element. A typical arrange-
ment is that of Delay Element, M9, shown in

Fig. 4-T. Representative delays covering various
time ranges have been compiled in a compen-
dium'®,

Explosives for delay elements may be grouped
into two categories: gas-producing delay mix-
tures and “‘gasless’’ delay mixtures, (See pars. 6-b
and 6-6 for mechanical means of achieving delay
and par. 7-3 for electrical methods.)
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Figure 4-7. Delay Element, M9

4-4.1.1 Gas-producing Delay Mixtures

Black powder has long been employed as a de-
lay material. Formed in.io compressed pellets,
columns, or ring segments, it has been used to
ottain delay times from several hundred milli-
seconds to one minute. Black powder is easily
loaded and ignited. It is readily available in a
variety of granulations and quality. However,
since burning black powder produces consider-
able quantities of heat and gas, vents or gas col-
lecting chambers must be incorporated into such
delay systems, Black powder is affected by load-
ing pressure, atmospheric pressure, moisture, and
confinement. It has largely been supplanted by
other delay compositions, particularly in more
recent designs.

4-4.1.2 “Gasless”” Dalay Mixtures

Since pressure of the evolved gas affects the
performance of delays, efforts have been made
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to produce “gasless” delay mixtures''+'?, “Gas-
less” mixtures are superior to other types, par-
ticularly where long delay times are nceded or
where space is limited and escape of hot gases
cannot be tolerated. In general, “‘gasless” delays
are intimate pyrowechnic mixtures of an oxidant
and & metallic fuel carefully selected to yield a
minimum velume of gaseous reaction products.

Delays that are sealed or protected from the
atmosphere produce more consistent times and
have better surveillance characteristics. Hence,
there is a trend toward totally sealed delay
systems,

4-4.2 RELAYS

A relay is a small explosive component used
to pick up a weak explosive stimulus, augment
it, and transmit the amplified impulse to the
next component in the explosive train. Nearly
all relays are loaded with lead azide, a primary
explosive. The diameter of a relay is generally
the same as that of the preceding and the follow-
ing component but it is often thin. Relay cups
now used are made of aluminum.

Relays are commonly used to “pick up” the
explosion from a delay element or a black pow-
der delay train. They are sometimes used to re-
ceive the explosion transferred across a large air
gap. Subsequently, they initiate a detonator.

A typical Relay, the XM11, is shown in Fig,
4-8. It has a closing disk of onion skin on the
input end to contain the explosive but not to
interfere with picking up a small explosive
stimulus,
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443 LEADS

The purpose of a lead (rhymes with feed) is to
transmit the detonation wave from detonator to
booster. Leads are less sensitive to initiation than
either detonators or relays and are arranged ac-
cordingly in the explosive train,

Leads may be of the flanged type or of the
closed type. Flanged cups are open on the
flanged end while closed cups have a closing disk
similar to that of the stab or flash detonator
shown in Fig. 4-4(A) and (D). Flanged cups are
pressed into place whereas closed leads are held
by staking. The choice as to type is based on
considerations for handling and safety. For ex-
ample, the flanged type lead, having exposed
explosive on the flanged or output end would
be undesirable in designs where the lead pro-
trudes from the base or where dusting or flaking
of the explosive charge could interfere with the
operation of the fuze mechanism.

The input end, the solid end of the cup or the
closing disk, receives the shock wave from the
detonator, This wall thickness is therefore im-
portant. In practice, the wall is generally 0.005
to 0,010 in. thick.

Loading pressures for leads range from about
10,000 to 20,000 psi. For convenience in manu-
facturing, pellets are often preformed and then
reconsolidated in the cup. Tetryl and RDX are
the most common explosives for leads.

Because leads are used to transmit detonation
waves, their size and shape might conveniently
be set by the configuration of the fuze;ie., the
diameter is nearly equal to the preceding com-
ponent and the length depends on the distance
between preceding and succeeding components,
However, most efficient functioning is obtained
by properly designing the lead just as any other
component. The efficiency of the lead depends
upon explosive density, confinement, length,

and diameter. A common length to diameter

ratio is 1 to 1. The effectiveness of the lead de-
pends upon its in.iiating the next component
(booster charge) over a sufficient area so that it
too will form a stable detonation. Some con-
figurations demand duplicate leads so as to as-
sure reliahle initiation of the booster charge.

444 BOOSTER CHARGES

The booster charge completes the fuze explo-
sive train. It contains more explosive matei..]
than any other element in the train. The booster
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charge is initiated by one or several leads or by a
detonator; it amplifies the detonation wave to a
sufficient magnitude or maintains detonating
conditions for a long enough time to initiate the
main charge of the munition,

In common usage, the term booster charge is
abbreviated to booster, Actually, a booster is a
separate fuze component provided to augment
the other explosive components of a fuze so as
to cause detonation of the main explosive filling.
It consists of a housing, the booster charge, a
detonator, and an auxiliary arming device. A
booster is shown in Fig. 10-6 wherein part O is
the booster charge.

4-4.4.1 Explosives Used in Booster Chargss

The density to which the explosive is packed
iato a booster charge affects both sensitivity and
output. Thus loading techniques are important,
At present, there are three methods for loading
booster cups: (1) loading a preformed, fully con-
solidated pellet, (2) inserting a preformed pellet
and applying consolidating pressure with the
pellet in place, and (3) pouring a loose charge
into the cur and consolidating it in place.

The first method is the most convenient in
production and thie most widely used in fuze
practice. Pellets can be produced to close size
tolerances and uniformity. However, this method
is not acceptable with more complicated shapes
or in some high performance weapons. Conical
shapes, for example, are always pressed in place.
Each of the last two methods assures a firmer
mounting of the explosive by positively pre-
venting voids between pellet and cup. Hence,
one or the other must be used when the round
is subjected to accelerations sufficiently large to
shift, fracture, or further consolidate the pellet
since these conditions may lead to premature or
improper detonations, The tnird method is the
most convenient when only a few samples are
needed.

Tetryl and RDX are the most widely used ex-
plosives for boosters. Other explosives have been
used, such as granular TNT, RDX and wax mix-
tures, and PETN.

4-4.4.2 Description of Booster Charges

While the shape of the explosive charge affects
input and output characteristics to some extent,

the shape is commonly dictated by space con-
siderations. If the booster charge is extemal to
the bursting charge, extreme ratios of length to
diameter are {0 be avoided. For best output, the
length to diameter ratio should be greater than
0.3 and less than 3.0, Ratios in the order of 2:3
or 1:2 seean to be optimym. Shapes with an in-
creasing cross section outward from the initiating
end are more efficient, but difficult to load
uniformly'?.

4.45 SPECIAL EXPLOSIVE ELEMENTS

A number of special explosive components
may be found in explosive trains or as inde-
pendent elements,

4-45.1 Actuators

An actuator is an explosive-actuated mechani-
cal device which does not have an explosive out-
put. In an explosive train, it is used to do me-
chanical work such as close a switch or align a
rotor. Most present actuators are electrically ini-
tiated. They are discussed more fully in par. 7-2.

4-45.2 Igniters (Squibs)

Igniters or squibs are used to ignite propel-
lants, pyrotechnics, and flame-sensitive explo-
sives, They have a small explosive output that
consists of a flash or a flame'*. A typical squib
is shown in Fig. 4-6. Igniters are electrically ini-
tiated and are similar in construction to electric
primers, Igniters consist of a cylindrical cup (usu-
ally aluminum, copper, or plastic), lead wires, a
plug and a wire or carbon bridge assembly, and a
small explosive charge. The cup may be vented
or completely open on the output end,

4-45.3 Fuses

Fuses are tubes of fabric or metal which con-
tain a column of black powder or pyrotechnic
material. (Note the spelling of fuses as distin-
guished from fuzes.) They aie used to transmit
fire to a detonator but only after a specified
time delay. Delay times are adjusted by varying
the length of the fuse. Delay fuses were em-
pleyed in early designs of hand grenade and
pyrotechnic explosive trains.
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Figure 4-9. MDF Used in 37 mm Spotting Cartridge, XM415E7

4-4.5.4 Detonating Cord

Detonating cord consists of a small fabric or
plastic tube filled with a high explosive, usually
PETN. Detonating cord must be initiated by a
high iatensity shock wave; it in turn propagates
a detonation wave along its entire length.

4-4.5.5 Mild Detonating Fuze

Mild Detonating Fuze (MDF) consists of a
column of high explosive material in a flexible
metal sheath. Currently available MDF is made
with PETN as the explosive charge enclosed in
a lead sheath. Experiments are underway with
other shield materials and explosives'*,

MDF is used mainly to transfer a detonation
some distance away. It is available in charge
weights from 1 to 20 grains of explosive charge
per foot. Smaller :1zes of this material will trans-
mit a detonation wiih little disturbance to the
surroundings. A minimum of protection is re-
quired to prevent blast and fragments from caus-
ing damage,

A typical fuze application of MDF is shown in
Fig. 4-9'°, The problem was to simulate the full-
caliber Davy Crockett round with boom and tail
fin in a subcaliber spotting round. The figure
shows the 37 mm Spotting Cartridge XM415E7,
with Fuze, XM544E1. Operation is as follows:
On impact, the fuze ignites an XM64 Detonator
that ignites a lead cup assembly that in turn ig-
nites the MDF in the igniter tube assembly (1 /8
in. inside diameter by 5 in. long). The MDF det-
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onates rearward to ignite the black powder ejec-
tion charge through flash holes in the igniter
tube, The MDF continues to detonate rearward
to ignite the PETN burster charge in the boom.
The PETN burster charge functions before the
ejection charge because the MDF has a faster
reaction rate than the black powder. When the
burster charge explodes, it blows off the hoom
with the fin and opens the rear end of the steel
body. The black powder gradually builds up
pressure, ejects the pyrotechnic mixture from
the rear opening of the body, and ignites to
generate gray smoke,

45 CONSIDERATIONS IN EXPLOSIVE
TRAIN DESIGN

4-5.1 GENERAL

The explosive reactions employed in fuzes are
usually started by relatively weak impulses. It is
the purpose of the explosive trsin to amplify
these impulses so that the main charge detonates
at its stable rate. As described above, this proc-
ess can encompass the following steps or proc-
esges; initiation of a deflagration, acceleration of
the deflagration so that shock waves are gen-
er ted, establishment of a detonation, and propa-
ga. on and growth o° this detonation to iis
stable velocity.

Normally, separate explosive components are
used for most of these steps. If the projectile or
missile .> small enough, only one component
need be used. Larger projectiles have several
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components because it is too hazardous to
handle large quantities of primary explosive in
a single package. Hence, for safety in manufac-
ture and assembly of ammunition, the vxplosive
train consists of several small components.

In military items, the smaller, more sensitive
charges are isolated from the larger ones for
safety in handling until the item is armed. Again
as pointed out earlier, mechanical desigh ccnsid-
erations indicate the advisability of small com-
ponents, and chemical kinetics design considera-
tions indicate that the most effective explosive
material for one component is not necessarily
the most effective for another; these considera-
tions result in further subdivision of the explo-
sive charges.

In the course of the growth of each detona-
tion, discontinuities are met, Transmission of a
detonation across a discontinuity is affected by
a wide variety of factors including the proper-
ties of the explosive employed, the density at
which the explosive is loaded, the material con-
fining the explosives, the size and geometry of
each charge, the relative positions of charges,
and the nature of intervening materials. The per-
mutations and combinations of these and other
factors are innumerable. Data on all of the vari-
ous combinations of interest cannot be obtairad;
in some cases, because of interactions, data that
are available are apparently conflicting.

4-5.2 PROBLEMS IN EXPLOSIVE TRAIN DESIGN

In the course of designing the frain, many
problems arise such as determining sizes of the
various components, packaging each one, spacing
or positioning them, and, most important, mak-
ing use of the new characteistics created by this
train effect.

In fuzes employing delay elements, primers
which produce essentially a flame output are
used to initiate the d-flagration. It is some-
times necessary to initiate delay mixes across a
sizable air gap. Such an arrangement is practical
but care must be taken to avoid destroying the
reproducibility of the delay time. If initiation
from the primer is marginal, delay times may
become long. On the other hand, the delay time
may be considerably reduced if particles from
the primer imbed themselves in the mix (thus
effectively shortening the delay column) orif
the delay column 1 disrupted by the primer
blast, Frequently, a web or baffle is employed

between a delay and its primer to reduce blast
effects and particle impingement. In general,
increasing the free volume between these two
will make imtiation more difficult. Decreasing
confinement of the delay column will have the
same effecs,

Flash detonators and relays are sometimes in-

itiated from a distance by a primer, & delay, or
even another detonator. In this problem particu-
larly, precise performance data are difficult or
impractical to obtain, The alignment of the two
components is probably most important to suc-
cessful initiation. If the air gap is confined, it
should be at least as large as the detonator diam-
eter and perhaps slightly larger.
. Since quantitative da.a for any particular con-
dition do not exist, trial and error methods must
be used in design. A convenient method to de-
cide upon the adequacy of a given system is to
vary the charge weight of the initiating compo-
nent to find the marginal condition for initiation.
Generally, the designer chooses a component
with double the marginal weight,

After the amplification of the explosive-
impulse has carried through several components
in the train and a detonation has been produced,
even more care must be exercised to complete
the process. Initiation of a tetryl lead from a
detonator is indicative of the types of problem
encountered. Once again, confinement is most
important. A heavily confined charge can re-
liably initiate another explosive component,
whereas a charge of twice that amount would be
required if it were unconfined. Empirical data
obtained under various conditions indicate that
the effects of confinement are optimum when
the wall thickness of the confining sleeve is
nearly equel to the diameter of the colnmn. On
the other hand, the nature of the confining
material is nearly equally important. Data have
been obtained which show that a detonation
can be transferred across an air gap nearly
twice as far if the donor is confined in brass or
steel rather than aluminum Relative data on
gap distance for various acceptor- harge con-
fining materials are: steel—13, copper—7, and
aluminum—4.

In fuze explosive trains;-one seldom works
with unconfined charges. The explosive compo-
nents used are nearly always loaded into metal
cylinders or cups. Even this relatively thin-walled
confinement gives considerable improvement
over air confinement in transmitting or accepting
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detonation, Further improvement can be made
by increasing the confinement as previously
indicated.

When a detonation is being transmitted from
one explosive charge to another, the air gap
should be kept small for greatest efficiency. Such
a condition exists 1a initiating a booster from a
lead. However, a different condition sometimes
exists when firing from a detonator to a lead. In
this instunce, the output face of the detonator
(donor charge) is confined in a metal cup. Hence,
a thin metal barrier is interposed in the path of
the detonation wave. The initiation mechanism

of the acceptor charge may now be somewhat
different because fragments of this bamer will
be hurled at the surfu-¢ of the next charge. It
has been found that a small gap between the
components greatly aids initiation in this case.
So as a general rule, one can say that where det-
onation must be transferved across a metal har-
rier, the air gap between donoyr charge and bar-
rier should be negligible but 4 small gap (in the
order of 1/16 n,) between barnier and acceptor
charge may be desirable, Beyond the interrupter,
explosives no more sensitive than RDX should
be used.
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 PART TWO—BASIC ARMING ACTIONS

CINTRODUCTION

Part One deals with the fundamental prines
ples of fazes, P diseussion ineludes general de-
sivie considerations, principles of fuze initintion,
el e esplosive train,

Part 1'wo indleates and exemplifies prnclplos
imvolved and methods ased sy e arming proe-

The arming process provides a transition

between two conditions: (1) the safe conpdition
which is the normol for handling; 1if the sensitive
explosives of the fuze are initinted bofore de-
sired, the bursting churge of the gmmunition
will not explode, and (2) the grmed condition
which s the normal for functoning: if the
sensitive explosives are inftinted ot the seloeted
time and place, the bursting charge will explode,
See par. 9-2,.2 for safety requirements,

CHAPTER 5
ELEMENTARY PRINCIPLES OF ARMING

5.1 GENERAL

The primary purpose of a fuze is to function
the bursting charge in a munition at a specified
time or place, ‘The need for many types of fuzes
is apparent when we consider the varfous itoms
of ammunition in use ~projectiles, bombs, rock-
ets, guided missiles, and mines, The conditions to
which a fuze is subjected when used as intended
may be myriad, For the sake of safety, the fuze
must be designed to withstand the effects of con-
ditions encountered throughout the stockpile-to-
target sequence. Howevor, such environments as
pressure, temperature, accelerations, or electri-
cal fields provide forces which can be used to
arm the fuze when they are different fiom those
encountered before firing, The forces resulting
from the ballistic environment will be discussed
and illustrated in Part Two,

6-2 MECHANICAL ARMING CONCEPTS

The safing and  arming maechanism of the fuze
is placed at a point in the explosive train so that

it will be followed only by high explosive mate- -

rials no more sensitive to initiation than RDX.
The term detonator safe conventionally desig-
nates a particular status of the arming device, A
fuze is said to be detonator safe when an explo-
sinn of the detonator cannot initiate subsequont
components in the explosive train (lead and
hooster charge), ¥ig, B-1 illustrates a simple
arming device which includes detonator safety.

If the sensitive detonator accidentally explodes
in the unarmed position, the detonation wave is
forced (by the malalignment of the components)
to Lravel such u tortuous path that it cannot inf-
tiate lead or booster chorge,

The arming process consists mainly of the ac-
tions involved in aligning explosive train dlements
ot in removing barriers along the train, The time
for this process to take place is controlled so
that the fuze cannot function until it has traveled
n safe distance from the launching site, In terms
of personnel or materiel damage, dictance is all
{mportant; howevaer, it is frequently more con-
vonient to consider the arming action in terms of
elapsed time from launching, Hence, an arming
mechanism ofter, consists of a device tc measure

an:elapsed time interval, The designer must in-
suro that there is sufficient energy to align the
train and to control the action time in accord:

ance with the safety requiremontc of the puticu- .

lar munition. Occasionally, in‘high perforfmnce
weapons, an elapsed time inherent in the arming
process provides sufficient delay to meet fuze
safety requirements, More often though, the
fuze designer must devote considerable effort
to develop a suitable timemeasuring device
that has the required precision,

Arming mechanisms operate upon an input of
energy resulting from the launching environment,
This may come from a source contained in the
fuze itself, or it may arise from a potential cre-
ated by an external environment such as accel-
eration, spin, or pressure, The space in a fuze -

&1
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Figure 5-1. Simple Arming Device

is often small so that the energy that can be
stored within is much less than that obtainable
from a change in external conditions. Hence,
an external source of energy is usually more con-
venient, However, if the environmental change
is small or its effect is comparable to that created
by rough handling, the designer must incorporate
a power source in the fuze. Such a power source
may be triggered by ballistic forces.

5-3 SEQUENCE OF FUZE BALLISTIC EN-
VIRONMENTS

The three ballistic environments for which a
fuize may be designed c-e depicnd in Fig. 5-2.
They represent the instances when (1) the muni-
tion undergoes very high initial acceleration,
(2) the munition undergoes low initial accelera-
tion, (3) the munition undergoes a very slight or
no acceleration at all. Certain ballistic equations
are applicable to each of thes. environments but,

5-2

fromn a design viewpoint, ea:h presents limita-
tions which are best charact.rized by examining
the types of mussile used in each environment.

6-3.1 BALLISTIC ENUATIONS

"The subject of Lallistics covers both the gross
and the detailed motions -*f the munition during
launching, dunng flight, and at the target; hence,
the three divisions: interior ballistics, exterior
ballistics, and terminal ballistics. The following
basic equations are uscd to calculate arming
forces,

5-3.1.1 Acceleration

When a projectile is fired from a gun tube, it
accelerates in the gun as a result of the rapid ex-
pansion of propellant gases. This acceleration is
calculated from

a=£"44- g, ft/sec? (6-1)
where P is the gas pressure acting on the projec-
tile, psi; W is the weight of the projectile, Ib; 4 is
nd? [4 where d is the caliber of the projectile,
in,; and g is the acceleration due to gravity, 32.2
fi/sec?. Since 4,W, and g are constant, the accel-
eration ¢ is proportional to the propellant gus
pressure P, A typical pressure-travel curve for a
projectile in a gun tube is shown in Fig. 5-3.
For convenience in calculating forces, the accel-
eration is often quoted in terms ofg’s, In the
case of setback

a'ain%'i:g's

(6-2)

= {1} HIGH ACCELERATION

(2) LOW ACCELERATION
._Z (3) CONSTANT

------------- {greduel acesluration}

-

\
i
-

ACCELERATION —»—
2\
Y

-

-
-

0 —

INTERIOR
BALLISTICS
{during lounching }

EXTERIOR
BALLISTICS
{durng thight)

TERMINAL
BALLISTICS
(target)

Figure 5-2. Ballistic Environments of a Fuze
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PROFELLANT GAS PRESSURE
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PROJECTILE TRAVEL

Figure 5-3. Typica! Pressure-travel Curve
53.1.2 Drag

A missile encounters air resistance during
flight and decelerates. Various theoretical deriva-
tions have been proposed for the forces of decei-
eration of which Newton’s method is easiest to
understand. The drag is caused by the impulses
communicated to the projectil2 as particles hit
and bounce away from it. The formula is

Fy - Rpd? Ky /g, Wb (5-3)

where p is the density of the air, 1b/in?, d is the
diameter of the projectile; in.; v is the air velocity
of the projectile, ft/sec; and Kp is the drag co
efficient, dimensioniess, Fig. 5-4 shows, for a
particular round, the relation of K, to the Mach
number (the ratio of the projectile speed iv the
local speed of sound).

6-3.1.3 Routional Velogity

Many small arms and artillery projectiles are

" stabilized by the spin imparted by the rifling in

the tube. The angular spin velocity, a source of
potential for the arming process, may be calcu-
lated from either of the following equations

w__,l%i, rad/sec (5_4)
’ 12!1
©'= = rev/sec (56)

where n is the twist of rifling in ferms of the
number of calibers: of length in which the rifling
makes one complete turn (the projectile travels »
calibers when making one complete revolution);
vis the instantareous projectile velocity, ft/sec;
and d is the caliber, in,

02y
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TN
\. S .
005 N
. TEIMENS nS N LALBEHS,
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Figure 5-4. Drag Coefficient Kp

Iig. 5-5 is a nomogram for finding the spin
velocity o of a projectile for any muzzle velocity
of several standard guns. The method of use is
illustrated with the example of a 40 mm gun at
2870 fps muzzle velocity.

6-3.2 BALLISTIC CONDITIONS

Three types of ballistic conditions will be con-
sidered: high acceleration, low acceleration, and
gravity acceleration,

6-3.2.1 High Acceleration

Projectiles fired from small arms, guns, howit-
zers, mortars, and recoilless rifles are subjected to
th~ ballistic environment called high acceleration
launching (see Fig. 6-2), During the interior
ballistic period, the acceieration of the projectile
reaches a maximum (40,000 g or more in some
weapons) and then drops to zero by the time
(2 to 20 msec) the projectile has traveled a few
calibers beyonid the muzzle of the gun tube.
Thus, the useful inertial forces crested are set-
back, centrifugal, and tangential (see par. 5-4).

In the exterior ballistic environment—iree
flight—the missile is decelerated by air friction
and resistance, The drag forces on ilie missile
produce creep of its internal parts (see par. 5-4).
Finally, at the target, the missile encounters
impact forces often of extreme magnitudes.
These are the ballistic environments for a fuze
and its compcnents which are launched with
high initial acceleration.

Two types of missile are used under these con-
ditions: spin-stabilized and fin-stabilized. In gen-
eral, fins are used for stabilizing missiles having
either low or very high velocities ard spin is

53
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used for stabxhzmg those. havmg amtermedlate

velocxtxes.

~“The spin-stabilized missile is subjected to all

R S -ueofmﬂreaforcec mentioned: above. Throughoutjree, -

eﬂxgl't . the spin of the mxsslle decays, but-the » rate
of. decay is so simall; in most.cases, that for. the
-arming -period. the deslgn‘er may {reat the spin as
constant: Spin decay in ﬂlght ‘may be used-for
self-destruction. but ‘it is not usually used for
arming the fuze.

Fm-stablhzed missiles that are’launched with
‘a hlgh initial- accelération. are subjected to all of
‘the~ forces mentloned ahove -except that re-
-sultmg from spm. These missiles do not spin or;.
if. they. do,. the spin rate is so -sraall that the .
fon,es usually cannot be used.

Grenades propelled by an infantryman’s rifle
or.by a grenade launcher are subjected to « brief,
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high acceleratlon followed by a shght decelera-

tion in flight. The .acceleration:or setback forces
are reproducible and large enough to be used for
the atming force.
5.3.2.2 Low Acceleration P
The second type of ballistic environment for
whlch fuzes may ‘be designed is one in which a
rYocket carries its own propellant, Since the.pro-

pellant is consumed during the. first pottion of
the missile’s free flight, it may be manry.seconds,

tather ‘than milliseconds, before the missile at-

tains, maximum velocity. Therefote, the accelera-
tion. is: much smaller than that of-a gun: launched

.prOJectlle’ Fig. 5-2 illustrates this acceleration

condition -also. There are no especxally large set-
back forces; in fact, forces created by ordinary
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vxbratwn and' handling may be nearly as large.

When the force-time relation ia.fl ight is.similar
to’ thut of nandling, integraiing rather-than dif-
‘ferentiating devices are used effectively. These
devices prevent-the handling forces from arming

~ the fuze (see pat. 6-5.4).

5-3.2:3  Gravity Acceleration

Airplane’bombs:are launchied - with an accelera-
tion nearly equal to that of gravity. hga 525l

Justrates this as the thixd ballistic environment,

Release from the bomb rack produces a stimulus

that is similat.in.magnitude lo ordinary hanalmg -

stxmuh, hence; the designer must resort to a
manual or mechanical operation to creates suit-
.able force for- arming. He may also utxhze aero«
-dynamic or' barometric forces .created as the
bomb,falls In-any case, txe‘fmmg prob!ems are
very different from thOSe in an artillery pro-

~Jectile,

‘Hand: grenddes r'gx‘qu; be armed manually by
removing a safety pin.-Thié.action is'positive and
hasithe. advantage of prowdmg a-visual’ sxgnal that
the grenade is.drmed. -

-Some fuzes ure used in ammunition, such’as )

lahd mines and boobytmps, that remains station-
ary - unnl enemy action. initiates-the explosive..
These must be armed bv fnendly forces. Sea
mines and depth charges have automatic armmg
-processes with elaborate tnggenng dev1ces that
requiré designs similar fo. arming devices.of other

" ammunition,

5,4‘ é’nwﬁaw*ewm "ei\i‘éﬁevfsfouncs‘s’f

So many forces -of dxfferent”hnds and dif-
ferent. magnitudes -act upén .a.. munition, from
manufacture o target impact, that fuzes must be.
des*eaed with special caré so as to discriminate,
.among ‘the forces, The fuze' must-be capable of
response to the desxred forcés.and mcapable of
‘Tésponse ‘to-thexest.. Forexample, -the: action-of
the arming mechanism may be controlled-sclely
or in combination by -any of the followmg
fofces: setback due to initial acceleratxon, ‘cen-
trifugal- due-to spin, creep due to deceleration,
wind due to airflow past the mumtlon, or pres-
sure.due to ambient conditions®.

5-4.1 SETBACK

Setback is the relative rearward movement of
component parts in a munition undergoing. for-

-setback force M

ward acceleration during launching, The force
necessary - to aceelerale the part together, with

‘the munition is balanced’ by a.reaclionh foree.

This is called the sethack force. It may -be caleu-
lated by determining the acceleration a2 of -the
projectile and multiplying it by the mass n, of
the part affecied. Dimensions must be kept
consistent.

s 1b (5-6.

SN ———
I R

Jf the acceleration «* (Eq. 5:2)-is. given in g’s;

one multiplies it by the weight W, of the- part

affected

O .
F - “p"' - “I,'-T;—-, b (5-7)

‘Fig. 5-6 shows the propeliant forcesPA and the

PA
W

Thus for a-0. 0014 ‘To part undergoing.an ae-
celeration of 10, 000- g (322,000 ft/sec?) the
force will'be

on-the fuze.

T e 08004 499000 = 14 it or (BB .
F= 55 x 322,000 = 14 it -~or
= 0.0014 x 10,000 = 14 1b (5:9)

(PRESSURE = R)

B s

1
e |
EEERR R

PROJECTILE
(WEIGHT = W),

v st s ]
[ e

B e ]

P . g

s

(AREA = &) ‘FUZE "PARY-..

(WEIGHT ='Wy)
Figure 5-6. Sethdck Forcé on a Fuze Part

5-4.2 CREEP

- Creep.is the tendency for compact parts.of a
mumtlon to move. forward as the munition slows
down. Thls is 51m11ar to setback but is much
smaller and acts in -the .opposite. direction: The
inertial force is calculated by multiplying the
weight I, ‘of thé part by the-deceleration of’

-the- mumtlon, .see-Fig, 5-7, By use of Eq, 5-3, the

creep force on a fuze-part is given by
2,2

12pd*veKyY p
g

(5-10)

, 1b
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. PROJECTILE
(WEIGHT =W)

DRAG FORCES

Figl;ie\5-7. ‘Créep Force.on.a Fuze Part

"5:4.3 CENTRIFUGAL FORCE

The most-cominonly used medns-of drming a
fuze is centrifugal force: Wherever frictiorial
forces are increased -during -setback, -centrifugal
arming forces may not prevaﬂ until the rota-
tional’ velouty increases sufﬁcxently or. setback
ceases:to exist. Centrifugal forces are- calculated
from:the equation

»
'Wpr W~
F o=

c

» lb (5_11)

8

whefé r'is the fadius of the'center of gravity of
‘thie part from the issilé axis; ft (Fig:5:8).

SPIN (W)

Figure 5-8: ‘C‘{%nf\rifug&) Force on:i;}F ;:e Part-

N ‘xl“ : .
5-4.4 TANGENTIAL FORCE .

Tangential forces' may be used in-sox .« fuzes.
For .example, spring-loaded weights 10cVe fn-
gentially under the application of -angular:aéec.
eération. The tangential force is-given by

Hor do

S

F, =
g dt

5

do

where ¢ is-the anguldr:acceleration,, It.can ba
obtained by taking the derivative of Eq.-5-4 with-

5-6 ’3;%}

t

£
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A )
pressure~tune curves are generally:more availabie
lh..n velocity-time curve:,

respeet to time .of

5:4:56 CORIOLIS FORCE

The Coriolis -force is seldora used:io operate
an arming device, but in.certain fuzes its.effects
may ‘be balanced out-to improve fuze- opemhon
It is illustfated in Fig. 5:9. 35 a force on a ball ina
radial slot that rotates al the angular.velocity o .
If the “ball is not .moving relalive to the slot,
there .is no Conohs force. ‘When the ball- moves

in the slot, there must bea Conohs force. A sim-

ple: explanatlon is a(forded by utmg the.Coriolis
force as that-fiecéssary- to change the tangential:
velocity -of the ball .as its distance from the cen-
ter of rotatxon changes The force: £, is calcu-
lated: by

(5-13),

A ~ 9
Fco = 2vm o

where v is thé radial- velocxty, ftisec; ol the part
of-mass: m, , slug, and .o-is the angular velocity,
rad/sec “The Coriolis force, as shown.in Fig: 5-9,

‘is-directed perpendicular ‘to the radial motion of

the part and in the plahe swept out by thé radius.

Feo *cORIOLIS FORCE
¥ VELOCITY
& *-SPIN VELOCITY

Figure 5-9. Caviolis Force on a Fuze Part
€-4,6. TORQUE c

Torque is- the product of a force and its
lever arm, Usually a torque causes an ang'ular ac-
celeration of a, ‘part, and the acceleratxoz\ is pro-
portional to the- torque above that hecessary to
overcome friction, For fuze parts, torque is asso-
Aclated with- three main types of-angular. accelera-
tion; (1) that experiericed by all parts as the

. munition increases or decreases its spin,: (2) that

caused: by centnfugal effects, and (3) those
:gyroscopic precessional auceleratlons present.in

.
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all spinning bodies.
Consider the first type. The: torque is equal to
the product of"thé -mament of inertia and the

.angular accélération, If-an accelemhng torqtie is

transmitted- throug,h a small shatt, the effects of
inerlis-are useful for.arming dovices-because-the
frictional countertorque is sinall.

The seconid type is more commonly: used. The
driving torque is détived’ from an.inertial force

. acting. at the denter of.muiss of the- moving pext

but not acting through-its pivot: pomt The pivot

_-axis may be pemend;euhr te thé spin axis, asin
the Semple ‘Centrifugal I’lun;,er shown in: Fxg,

5-10(A) or parallel to it as in the rotor shutter of
Fig..5-10(B)

The third.type is clnr'lcter'stxc of'all.spinning.

bodies. If the part. e\tpenences a torque about
'my axis other-than its spin axis, it will:precess,
., it will turi about still another.axis. The rate

and direction of turning may bé obtamed from.

the-equations concerning -the dynamics of ro-
tating. bodies. It is readily siiGwn that-the part

‘will turn.about an akis.that is: perpendlcular to

both the spin axis of the -munition .and the
torque dlrectxon If the torque is G, the moment
of inertia. is /, and. the: «spin is @, then the pre-

cessroxra.l angular welocity Q, both » and @ in.
-rad/sec,is

oG
-, (5:14)

54,7 FORCES OF THE AIR'STREAM

Air forces are uvsed to--turn. propellers Ay

bombs and rockets The-torque created' depends

qpon,,theralr flow past the propeller blades. The.
‘power developed ‘is a function of ‘area, angle of
attack, and mean radius of- the blades as well as*

densnty and veloclty of the air stream Usually an
émpirical solution “is developed from tests. ina
wind tunnel, Past work ‘has indicated. that the

_power output H, may be expressed as’

H, =C, po’(d} - d}) (5-15)

where-C, is the coefficient of power derived,, p is

-the air density, o .is the rotatronal velocity, and

d, and d; are the outer and inner diameters of
the blade: area, respectively.

54,8 AMBIENT PRESSURE

Ambient pressure is often used in sea mines

AMCP 706210
-~ MUNITION AXIS
PIVOT ~— -
RApiys- =2 ’
N _,;-_..9.;‘_0*_26,,.
CENTER
OF GRAVITY
(4) Semple :P/ungar
:MUNI"TION : TORQUZ « "FORCE X
AXIS "RADIUS

N\

RADIUS

(8) Rotor Shutter

Figure 5-10. Torque on a Fuze Part

and. depth charges. It may be used in bombs
dropped from aircraft, but the available pres-
:sure-differences-are-not-as:large:in. air.as.in.the

T.oua-ihie hydrostatic pressure P, is given by

P, = p,h (5-16)
where P, is the density of the water, 0.037
Ibfin?, and h is the height, ‘in.

s

¥
-~

5-4.8;' OTHER ‘FORCES

Two .additional environmental. forces affect
fuze:.operation, However, quantitative analyses
for their consideration do nhot yet exist. The
first of these is-called’ setforward . Thisis a nega-
tive setback—an acceleration in the direction of
prOJectxle travel. -Setforward occurs. when pro-
jectiles are-rammed into an.automatic weapon,
Present: -point-detonating, txme, and proximity
fuzes will withstand -about 1000 g setforward.
While weapon designers would like to double or
tnple the ram velocity, present fuzes cannot

57
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survive this force, excgept, perlmps point-detonal-
ing fuzes.

The second -of :these forces is a sidewoys
force. In practice, perfect alignment of a pro-
jectile and -gun axis prior te Tiring is not con-
sistently achieved. ‘Therefore;. upon firing, the
sideways. force results. as the projectite aligns

itself with. the pun tube. For example, the

175 mm field gun and the 120 nun-tank gun have
such high lateral forces that fuze ogives have
broken .off, Hence, special fu.zes had to-be pro-

vided, These force"s have not buen measured ox

calculated to date. In air-gun and: drop tests,
damage was simulated by acceleralions grealer
than 10,000 g.

55.NONENVIRONMENTAL ENERGY
SOURCES

‘When there is. no motion of the munition or
‘when the-motion is. tooc small to actuate a- fuze
mechanism, .an auxiliary power source must be
-added. This may 'be:a spring, a battery, or active
chemicals. ‘

5-5.1 SPRINGS -

A spring is-commonly used to. operate a de-

vice—such as a slider, a-detent, or a clockwork—

so as to maintain parts in their safe condition
prior to arming or o move parts after they are
triggered or released, Springs are discussed in

“par. 6-2,

5.5.2 BATTERIES.

The arming provess may involve the batiery
in a. mechanical or an electrical way: (1) the

;power may -be used to throw a switch or turn a

rotor, or (2} the batlery may be activated by
bringing the olectrolyte into contact with the
electrodes or by activation of:a thermal‘battery.
Of course, this batteiy may also- be used for the
functioning process (see-par. 3-4. 3).

5:5.3 METASTABLE COMPOUNDS

Active chemicals may be mixed to generate

heat. They may also generate-gas to expand. a

bellows so-as to move a fuze component. Since
this must be accomph.,hed rapidly, explosive
chemicals are usuaily used (see par, 8:3).

Many other Ipfinciples are’in use in fuzes and
many more remain to be developed.
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CHAPTER 6
WECHANICAL ARMING DEVIGES

6-1 .GENERAL

Historically, fuzes -have been developed by
improving an existing design. Arming devices
readily lend themselves:to-tihus.type of duveiop-
ment especially :those mechanically, hydrauli-
cally, or electrically ‘operated. Fuz-s operaled
by mechanical devices make use of springs,
gears, sliders; rotors, and plungers. Some typicai
mechanisms from among those now used in
standard fuzes are described below under their
appropriate heading.

62 SPRINGS
Springs. play an important role in fuzes. When

properly desighed and.manufactured, they pro-
vide a convenient source of stored energy wlhich

s;remaing:.constant over the 20-year shelf life re-
quired _or fuzes. They also dct as restrainers for

the various .parts of a fuze (detents, pins, bails,

_ rotors). The information. which follows-is a de-

scription-of the. springs normally folind in fuzes,
the motion of parts with springs.attached, and

the starting conditions: required- for spring-held

parts.

- 2.1 TYPES OF SPRINGS:

’I‘here are three genetal types of springs, all of
whlch are-used in fuze drming mechanisms. The
flat leaf sping.is a thin bearh which creates ten-
sile and compressxon stresses when it bends. The
fla& spzml spring is similar {o a clock:spring, i.e.,
a leaf .spring wound into a §piral. The helical coil
spring-is a wire coil in which a shear stress is in-
duced when the coil is deflected. % )

The general equation for a spring is an"expres-
sion of Hooke’s law (restoring force proportional
to displacement)

= F=-hx (6-1)
where k is the spring constant, x is the displace-
ment from .the equilibrium position, and the
minus sign' is an indication thatthe force F is in

th + opposite direction from the displacement.
‘fable 6-1 gives equations for the types of
springs mentioned.

The spring constant depends upon ‘the physi-
cal properties of the spring material.and the ge-
ometry of the spring configuration. The former
is expressed in the modulus (£ or G ), and the
latter is.its coefficient. Standard books of tables
contain values of £ and  * for various materials.

6:2.2 MOTION OF MASGES OF 3PRINGE

When unbalanced forces act.on a body, differ-
ential-equations can be written to express its mo-
tion. The simplest equation couples a-simple
force with the acceleration produced. Additional
forces can be ‘included such as spring constant,
frictional, viscous resistance, setback, and cen-
trifugal forces. These are all treated in an ele-
mentary fashion with solutions to equations
stated-as simply as possible:

6-2.2.1 Efementary Spring Equations

When a mass is supported and moved hori-
zontally by an attached: spring, the force dia-
gram is as indicated in Fig..6-1 where the spring
LR under‘anamltlal compression- equal to. x ..Fol-
lowing Newton’s second law,

7y ',

(6-2)-

F=m5c° N
-
Py

‘where % is the acceleration in the x direction and:
n the mass of the’bcdy, When the spring is com-
préssed, there is a displacement x..When measur-
ing x from the equilibrium position,

m¥=—kx (6-3)
By méans of standard methods;.the general solu-
tion of Eq. 6-3 is

I /%
=B:sin,£t+Ccos f-t

where ¢ is the time from the release of the body,
and-the arbitratry constants B and ( are evaluated
to fit the boundary conditions, At t=0 (the

(6-4)

6-1
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TABLE 6-1. SPRING EGUATIONS- g
¥
o Type Sample Equatiors Spring Consfapf. -3
General Spring - F ke k
Flat Leaf . ;
48 El AB.El ~
-(Cénter load, . —— x —1 s
-two end supports) » ?
‘ Flat.Leaf - iz £1 12 £
(Center Moment Goom2 9 -
-two end supports)- ! l
Round Bar G- - 86tn rm';g 864n 3G’ R
(Axial Moment), l 3 ]
. g Ent¥ b 1 Ent?
Spiral Leaf G ——0. - —
(Torsionat). 121 121
- G'd: '(1:
Helical Fowa—x e
8’ 8N}

E_ =Young's modulus, psi h = height of spring, in. d, = diaméter of wire, in.
:G* = shear modulus, psx t, = thickness of s;iring, in. ¢ =deflection angle, rad. f
I, =area. moment in* r o= ragl;us of round bar, in. (, =torqueyin.-lb E
1 length of spnng, in. N =nuniber of aétive‘cqili k = spring constant; Ibfin,
F = {force, Ib d -= mean diameter of coil, in. x = displacement, in. 3
15
start), x = x, which requires that B = 0andC = and the solution for x becomes ) ]
z,. Eq. 6-4 becomes . e v O | Y ,
k x=2x cos [=t 4= 1l =cos [=t] (6-7) "
X=X, cos [t (6-5) ° m k m ( 4
m :
This. represents an oscillation about & new rest K

At assembly, most fuze springs are given an ini-
tial displacement dencted by x .

When a constant ‘force Q is exerted on the
mass (mdependent of dlsplacement and- time),
the equation of motion is

point Q/k. If the setback acceleratlon on a pro-
jectile is constant Qin Eq. 6-6 equals Wpa .

If. itis- assumed that a-cyclic:motion:is-possi-

ble,. 9 (bemg unidirectional) is a driving force
for one half of the ¢ycle and a: resxstmg force

for the- other half. If Q-is to be a. esistance-

force for both halves of the cycle (not unidirec-

ni + ke = Q (6-6) tional), the equation must be written
= DISPLACEMENT mi+ ko= Q (6-8). :

and the solution becomes

T w \
t=x,c0 [t a2 (1mt0s |5 1] (69)
m k m J

kx where the proper sign, + or —is chosen.
Fig. 6-2(A) shows the displacement x» (Eq
6-5) as.the projection on the -vertical axis of a
pomt traveling on the circlé’ . Fig. 6-2(B) is the
same: as 6-2(A) except that the center of the cir-
cle has been displaced a ‘distance Q/k in"the posi- -
txve direction. In fact, all dlsplacements of point

F’guu 6-1. Basic Mass and Spring System

© 8.2
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Ahave. been ralsed by-the amount Q/k..
Fxg 6-2(C). shows the dxsplacement of the

point. when- Eq, 6-9 is- -used: For the first and

third halt' cyclés the: dxsplacements ;are .projec-

tions- ‘from the-circles dtawn with thexr center at

Q/k -for-the second half cycle the dxsplacements

'are ptOJectxons from. the circle drawn with it§
center-at -Q/k. Smce the: cu-cles must-match at

B-and D,.the radn gradually decrease untﬂ at Fa

-circle cannot be drawn as a contmuatlon w1th its

center at -Q/k. Thns illustrates the effect of’

~tnctxonal forces acting’ against the motxon At F,,

the resisting force -~Q/k'is greater than the spring
fome, which means that the body stops movmg
This is a fnctlonal type force that-always -op-
poses-the . motion.

Sometimes the mass m. moves through a fluid.
In this. case -a term representmg the viscous
resistance should be- added to:Eq. 6-3

Mm% = =kt -px (6-10)
where. & is the velocity and\ px is the damping
force of .the surrounding medium proportional
to the velocxty The solution to this eguation is-

= e (2')(5‘? sinBt + % cos Bt) (6-11)

whereS'is.

MOTV

This is a.truly damped. oscxllatxon, ‘whereas -that.
-expre.,sed by Eq.6-9. represents an oscxllatxon
with. stepped ‘damping.

6-2.2.2Examples of Friction.

At times theé compressed spring moves a body:
.in ‘spite of. small frictional forces. However, for
motion perpendxcular to- the munition- axlsg the
frictional forces- caused’ by setback are large
venough to pxevent motxon For -example, Fig.
6-3 shows a mass undergomg an ‘accelerating:
force such, as cetback W, is the weight of the
moving part and.a”is the’ imposed acceleratlon
expressed:in g (Eq 5-2), The force of: friction is
given by pl ;@ +.f. where is. the coefficient of
friction-and f is ‘the: friction. of the side walls. In
the cise of a nonrotatmg fuze the equation is
¥+ kx=F - (f+pWa’) (6:12)
where: F, ‘is the restraining force that disappears
when. the :mass moves. In fired projectiles,a ‘is a
function of ‘the time after firing, say g(t).. Eq.
6-12 then-becomes
mX + kx—-[f-uth(t)] {6-13)
which cannot be- solved without knowing g(t).
Setback' acceleratlons vary with time; how-
ever, the deceleratlon of the muhition caueed by

t=0. i:0

x e ag cos\F7m L.
(A)

X1 R COBNK/m t +Q/% (1-cos Nk /m 1)

X% xg CO8~NE/m t £0/k (1-cosh/m 1)

(8 1)

Figure 6-2, Projection of Spring Motion

e e

van

s s

R R A A e e R

A calmtba s e o U

o
S LR N

LRSI




AMCP 706-210. -

air- drag is -nearly. constant. Hence, the decelet:._

atmg”torces on-the ‘body zaii ‘be ‘assimed con

stant and: equal- to: ¥ «”. Then, b i chnsen
Jarge enough -to .move*the~body when thesé “fric-
tional .forcés caused by--the -drag are present
Fq 6-12. can be solved for x as.

A { vl al : \ R
R cos\/‘Es - 5 Pfx ( j.-rCOS /-—-—l> (6-14).
Vemt k . AU T

and the time to move:a- dlstance § is obtained. bv
solvingBq; 6:14 for ¢.as

[ (Bl
\Lcoa‘ kx ‘. ! it“'a“;
Fuze, M525 (Fig.. 1-6). -contains a spring-

loaded conmiponent that moves under two: condl-
txons (1) when the setback acceleratxon is small

(6°15)

enough to allow transverse motion in the gun

tube; and: (2) when ther drag forces are.constant
in- the air. The problem is- solved by a step proc-
ess w1th boundary condltxons (velocity, position;

and time) .matched .at thecommon point. The '

followmg isa sample sequence,

Condition (1):.

(a)-" Suppose the restraining force. F to be re-
moved. The compressed spring will accelerate the

mass to: the left (Fig.-6-3). The friction force-

w111 be reversed and resist the motion. By using
the-static coefficient. of fnctxon for , the value

of a”can be determined for whxch the mass' will-

imove to the left with the equation

mX =« kx+ (f+:y~l;,q') (6-16)

{b)- In -Condition- <(1) ‘the-projectile ‘is still

within the gun tube undergoing a forward accel-
eration ¢’ that is decreasmg As the acceleration

falls, ‘the walue obtairied ‘in Eq 616 will be.

reached and the mass will move, and the time
interval during which the acreleration-is present
-can be found from- gun data. 'Eq. 6:16.i is solved
like Eq. 6-12 to give Eq. 6-14 so that the dis-
tance the mass will move can ‘be determined and
called§S .

-Condition (2):

{(a) After the ‘projectile leaves the gun tube,

it is acted on by a drag forcé and the- parts ex-
perience a creep acceleration. From (b) in Condi-
tion (1).the remaining distance which the mass
must move-to complete its-part in the arming
sequence can-be determined..

(b) ‘Using an equation similar to 6-15 but
having the:plus signs replaced by minus signs, the

6.4

“SPIN- AXIS e - - -
4 g - T
NI L4 S :
W ) "1 i x: DISPLACEMENT .
LC TR DU I SPRING.
. R i FORCE
F‘
A ¥, RLE
X FRICTION /-
: i ACCELERATING -
3F0Rcs

‘Figure 63. Mass.and Spring Undei Acceleration

time to arm:can.be detérmired.

This' last calculatlon gives -the time after
launching for the mass to teach its. appointed
position. -

~6:2.2.3 Effect of Centrifugal Force

Centnfu'gdl forces caused:-by p'ro;ect";ﬂe rota-
tion are effective- in- moving sliding masses per-
pendxculax to the spin axis.of the projectile. The

force i§ computed as the product of the'mass of

the’ body, the distance from its center of- gravity
to the -axis -of rotation, and the square of its
angular velomty in-rad/sec.
~ Suppose, as-in Fuze, M48A3, ‘the. centrifugal
force is opposed by a spring. The equation of
motion is:(see Fig. 6-3}

n¥ = <kx & mo’ (x+ i‘o) ~f (6-17)
where @ is the spin of the projectile in rad/sec
and r, is'theradius of the ceriter of mass of the

‘body‘from the spin axis when the displacement

is.zero. With-an initial-displacement x, the equa-
tion for the dlsplacement at any . later ‘time is

nmzr -f

. mmz,.o - f R ——l\
v, -— COS [= —w’zl .
m

P 2
R = ey |

{(6-18)

L—rnm

and the time to.move a given distance S'is

1 L\-m«fs-nwr of
R cosl, - (6-19)
2 ka, - mu,‘.\"x - m(,.zlﬂ . i
m

In some instances, the.interrupter is made of’

two. parts which. séparate as they move: An ex-

ample is the slxder of Fuze, M48A3, In this case,
the inner part is not always under the influence
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/».of the ‘spring. Its.motion then-must be. studled‘ ‘

under two.condiiions: Eq 6-17 and the foilowmg
n¥ = Mt (X+ roh=f

16:20)

The:solution of Eq. 6-20'is

l»lf;m;",_,‘ t >] - M;“:.a \ -
) (62

-‘ﬁwz\’_,+ {=ne’t J

The total time for the inner part .to move is the-

sum of Egs. 6-19 and 6- 21, In. Eq. 6- 19, S'is the

dxstance the innér’ Jpart. moves while -the- spring,

force is acting.on it. I Eq. 6 18, x, isequal'to S,
and «x.is the total distance the part ‘must move,

'62.3 SPRINGS.USED IN FUZES

’I‘he -design of coil springs is covered above.
an 6-4 illustrates.the method of specxfymg coil

springs- “hsed in compression. Diameters, length,

type of ends, and wind must be specxfxed as well
as material. and any-special features’. Examples
of such features in fuze.design.dre Ievel of-impact
sensitivity- (max1mum is frequently specified),

'requxred functioning time, ‘ahd rain. sensitivity.

The Belleville spring.is a special spring in the

shape of a conical ‘washer that snaps.from one:

stable position- to another when the proper force

is applied. Thé spring’s equatlons are . glven and
its.application.is:illustrated-for-use-in-a-mine-in-

par. 13-2.2. In addition, fuzes make use of power
springs, hairsprings, and-constant-force springs.
Design formulas are given- below, Materials and

factors affectmg -spring hfe—such as wear and-

stress—-must also be considered™?,

6-2.3.1 Power Springs

Yower springs, alé called mainsprings, are. flat
splral sprmgs used to drive clockworks. The
-springs are usually contamed inside a hollow case

to which one end of the spring is attached; the

other end is attached to the.arbor.as.shown in
Fig. 6-5. It has been determined experimentally
that a maximum number of turns'is-delivered
when' the wound:spring-occupies abouit half the
volume avaulable between arbor.and case..Undet.
this condition, the length of the spring | is

~ - + FIE I S My v

7’{(6?2‘,2‘*)

whered;, -is:the-inside- dnameter of the*case, d is

- the outsxde dmmeber of*the arbor, and t, is’ the )

spring thxckness, ail dimensmns are.in mches
“The-nuniber- of -turns. N dehvered is
41l

Nt

.93*
= (6-23%)

where:
Pl 2 _ n
dt -

U=

6-2.3.2, Hairsprings:

Classicially, a hauspnng is -a -special’ spiral
spnng It differs- from a power sprinig by two
major factors (1) there is ‘a space ‘between-the
coils, and’ (2) the-spring is small. The number of
coils :is usually large and the outside- end: is.
clamped. The- number of turns N produced by a

 moment M:is given by

_6M (6:25%)
nE Bt?

where-b .is the width of the spring, in:; E is-the
modulus of elastlclty, psi; M is the. applied mo-
ment in.lb, ¢ is the spring thlckness, in.; andl
is;the.active length of the spring, in.
.!I‘hev:hairspr'ingferegulatesathev:masSesysterri::ot‘-
the escapement. Because of the various forces
acting on artillery: pmJectxles, spiral - springs are
not, suxtable. Rather, the escapement has: been
regulated with straight springs deflected by bend-
ing. or torsion. A typical example is shown in the
Junghans escapement Fig. 6-26. These springs
are .designed with the formulas -of Table 6-1
(see also par. 6-6.3.3).

6233 Ci)nsﬁnt-foree Sp&iiigs

Constant-force, also called negator, spnngs
are spiral springs so wound that a'constant force
causes a continuous- unwmdmg of the coile. They
are made by forming a spring of flat stock to-a
tight radius, the coils touching one another, The

‘Frnm Mechanical Springs by A.M,:Wahl, (‘czp)nght 1962,
Used by permission of McGraw Hill: Book ompnn).!nc.
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(4)-Unwound- (8] Wound-

Figure 6-5. Typical/Cased, Power- Spring:

7 ‘spring is placed over an arbor-of. diameter slightly’

- -greater-than the free msxde diameter of .the un-
stressed spring.

When a force F-is applied iria'radial direction
from -the -axis; the spiral uncurls as shown'in- Flg
6-6; the load bemg practlcally mdependent of de-
ﬂectxon .The-magnitude of.the force F-is

Etab Ik ,ﬁ 1;‘? 1
% | \r 'T,) N

where r, is.the minimum.natural (free-position

T s prare— P

unniounted) radius -of-curvature- of:the. conl and
r, is the ouler radius -of conl both in. mches

Deslgn formulas for constant-f.orce springs are:
given:in: Table 6- 2%, “The stress factor S»used'in
-the equations- depends ‘upon the matenal used
and- thé -anticipated: spring hfe For h:gh—carbon
:steel at-less than .5000 cycles, a value of 0.02 is
-suggesied. In- the fable, x is-thé deﬂectxon re-

quired: in. inchies, and E is-the modulus in- psi.
The other symbols areé: defined above

6-3 SLIDERS

Many fuze components, such as interrupters-

and: lock-pins, :nmiove- without- the aid of roller ox

bail ‘bearings. Since substantlal forces are avail-

able for:sliding . motion in- spite of fnctlon com-
ponenta‘ calle¢: shders can-be- mcorporated in
fuze design. Also, large tolerances can be allowed
in ordet-to-reduce the cost of manufacture..
Sliders are:moved’ by springs and inertial ‘forces
such as. setback -creep;:-of. centrifugal forces
Sliders.may be designed to travel along, nozmal
to or at an.angle with- the munition axis, They

are usually ‘held in their initial posmon by

springs.

"
A

TABLE 6-2. DESIGN.FORMULAS FOR CONSTANT-FORCE SPRINGS

Spri"ngs With
10<Coil5..or Less

Springs Wit?
Over 10.Coils

Variable, in,

Sorii widih oo 204F 26.4F RN 4 e 26.4F
~ Springwi B Bt
‘Minimum natural - fEbt} poa
radius of curvature Tn* . 56.aF ) “ETT
Maximum natural — bt}
radius of curvaturé Pp s o[ e—
-20.4F
Spring thickness. .2 ﬂ i > ﬂ
X " EbS? TS}
Arbor radius rg= L2r, ry=1.2r
Spﬂnllength . i.u 54 10 ry La.d + 10?‘2

,’.z'

ww oo &,

Y% T e
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(A) .Free -Position
Unmounted

18) OQperating Position
Mounted .On:-Roller

Figure 6-6. Negator Spring

'6-3.1 AXIAL'MOTION OF SPRING-DRIVEN SLIDERS

Components- designed t6 move. along: the di-
rection of motion of a munition are constrained
by spnngs and.moved -by mertlal forces. That i is,
in an impact device a a spring holds the part until
impact occurs; then-that part continues-its own
motion by sliding within the.munition-according
to Newton’s law on conservation of momentum,
Hence, there is relative- motlon between compo-
-nents accordmg toithe equatlon

¥+ kx= W o = f (6:27)

Under setback or impact conditions, the fric-
tional forces are much smaller than the inertial
force W’ and riay be neglected. The time of
action may be obtained from Eq. 6-7 where
Q=¥ a - f.

However, -under drag or air resistance forces
where the deceleration is constant, the solution
to Eq. 6:27 becomies

- _l<kS-H'Ra,'+f> (6-28)
t= [o=TCoOS A B

In this case, , is measured.in the direction of
motion and.denotes the amount of compression
of the spring,

6-3.2 TRANSVERSE MOTION OF SPRING-DRIVEN
SLIDERS

Components designed to move in a direction
nerpendicular to or with a component perpen-

6.8

dicular to.the direction of motion-of a nuunition
may be.driven.either by springs or by centrifugal
forces. ‘Usually .the sliders are held in their initial
_position by a lock pin which is removed-as part
of the arming process,-and Eqg. 6- 1" ‘applies. The
situation may easily become that of twc- -Separate

conditions with the time to act given by the sum.

of’Eqs. 6-19 and'6-21.

6-3.3 TRANSVERSE MOTION OF CENTRIFUGALLY
DRIVEN SLIDERS.

The motion of the slider under centrifugal
forces is.given by Egs. 6-17 and 6-20. However,
if the slider is at an angle othet than 90° to the
spin axis, setback -and creep.forces will also in-
fluence the motion: directly. This occurs because
these forces have a component in. the directioh
of motion of the part.

Fig. 6-7 shows thé centnfugally -operated
-slider in which =k¢ is.the spring force and iF s
the normal force (reaction) of the restraining

wall~ (F dlsappears when the slider is not touch- *

ing the wall). F_ is the mer’ual force equlvalent
to the centnfugal force mew?r where r is the
radius. of the center of mass of the slider from
the spin axis.

Let a’ equal the acceleration of the slider in
the direction of the munition spin axis, Then by
assuming.a forceF necessary to provide this ac-
celeration, the forces are resolved in the \ direc-
tion (slide motion direction) and-the Y direction.
Upon combining these two equations, one ob-

tains nt
Yo ka = mifx (cos’h = pcosd sing) -

..li'a'(sin«,& iy peoseh) - Ian.\'o (cos’h - HCOSASING)
i m(.)gro fcos ~ psing) (6-29)

IPPITS
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the slider will move. This equation is of the same
form as Eq. 6-12. Hence, the-time to move the
distance S is

‘where ¢ is the slide angle. Thls equation is ex-
amined’ to determine w and o’.at -which ¥ be-
¢omes positive;-this is the condition under which

- kS « Wa’(sinp + pcosd) mafxo(coszé) = pcospsuxp)
> mo¥, (cosd ~ psing) = mwlS (cos’P-~ pcosdsing) |

-'l >

kx,+ Wa"(sing +pcosg) - mw’ro (cose = psing)

m
=
\/f\ - m(u (con 6y — COSqS slm[))

(6-30)

o

only when ‘the missile strikes.the target; hence,
the, pin-is designed to withstand impacts resulting
from normal hardling shocks. The pm can. be )
sheared when an.inertia weight i strikes it exert- : =
ing a force Wa? tha@ ‘produces a: shear stress '
;! )

T o= T):I Y psl (6:31)
A is.the pini cross-sectional area in in? ; and the 2
is required. if ithe. pin -is in-double: shear (sup-
ported on twre, sides). The. area of the pinmay be
found ‘fur any decéleration o’ by-using the ulti-
mate. ehear strength, say 75, 000 'psi.

Hinge ‘pins-(Fig. 6-8)- are sligh.tly. different.in
that a larger clearance'is necessary | tor the mating
parts to move. Bending .of the pin then occurs
which'reduces the allowablé shear stress. A*max-
imum bending moment'is computed by assuming
thatthe whole load 3 concentrated at the middle
of the pin and that the pin is freely- supported at
the middle of each clevxs arm..

The shear stress r will. be

T = %— , Psi (6-32)-
Figure 6-7. Slider at an Angle where F is. the -force being transmitted. The.
- bending moment i willbe

. 6-4 MINOR MECHANICAL PARTS ' F ( w,
5 N M=o (W 4 —
. The family of minor mechanical parts used in 2 2 e
fuzes includes shear pins, hinge pins, links, where v, is the width of each clevis éye, w, is
detents, knobs; screws, trip levers, pivots, bear- the width of the eye, and.{_-is the clearance all
: dimensions in inches. The maxxmum fiber stress

ings;.etc. Each one serves a distinct purpose and
mayl be designed from basic principles. No con: o from the bending moment is (tension on one

v < ks

-
PPN ] SRV

FLIGHT DIRECTION

«

ey L
o S et oo v

& Satle 8 a0 e S e

+ i), in.<lb (6-33)

plicaled formulas are required; in fact, many

handbooks contain tables of data or nomographs.

for the designer’s use® »%,

6-4,1 PINS; DETENTS, AND LINKS:

A shear pin may. be intended to be broken

P ant

side compression»ioﬁ-/{tihe other)

ML
2 , psi. (6-34)

g =
A

where d, is the pin.diameter in in. and I, isits

second moment of area (nd;‘, ’61 for a cucle)
Therefore by substituting Eq. 6- 33. fo; M in Eq.

5-9




FSU = EPISE -

‘The shear stiess-is computed:by Eq. 6-32. .where
‘K is'the -whole load. The motx'on, of the detents.is
(comphcabed if they are allowed. to become
skewed; i.e. they ‘twist and j jam if the clearance
is too lar;,c or if the length in the guide is too
short. With a short rod, large clearance, and sharp
corners, friction is-incredsed because ‘the load is.
cornicentrated at the bearing areas so that there is
a tendency 1o gall or gouge the detent. Fig. 6-9
illustrates this general:problem.

6-4.2 KNOBS, LEVERS, ‘AND PIVOTS

Kr.obs-aré used.to. select or set fuze function.
Normal knob- desxgn can. be .applied-because-the

///////// O\

DN
<

N

////

//// //////4“\\\\

(4) Minimum Clearance - Adequate Length, ..~~~

‘i?/z F/z AREA A
“{(B) Forces on Hinge Pin . /1\
- - AN
Figure 6-8. Hinge Pin AN
L / e // e

6-34, the stress caused by bénding is found to'be

. 16F o v, i (6-35) /
= — 1)
o - (pc + . + ) ps1 /

ad3

2, /

'Both stresses r and o must beoless than the ulti- / //// / / / / / //’ / N

mate stxength of the pin for it to be safe. . AN
Linkages are bulky, and.are not used often

because space is limited.in<fuzés. erce links are

long slender mer.ibers that are pnmanly adapted

(B).Large Clearance - Adequate Length

to transmlttmg motion in one plane, neither they. Z\ N
nor their ‘joints resist lateral forces well, They . AN\
tend to wobble and bitd. Setback and centrifu- /// L L V4 / LLL / : \
gal forces dre nearly always at right angles to AR \

each other; heuce, linkages are not desirable in Q
fuzes for use-in-spin-stabilized: pro;ectlles They

are better suited to stationary or-low velocity 7/’/7//,/ S S ,Q\\
munitions. /N

Detents are short-rods with a‘length.to diam- . . _
eter ratio: of 2:1 or.3:1, Their-purpose is to re- (C) Excessive Clearance - Short Length

strict: moion by exerting their shear strength Figure 6-9; Detent Actions

AN

6-10
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-oniy conflicting- torque arises during angular set-
Jback. In th%f matance, the frictional - torque must

exceed the. sesback torque. By designing.the part

S0 thqt linéar. setback will increase the fm,tlon

(the kiob hearing surface has:a component per-

,pendu.ulu %to -the spin axis), the-effects of the

sétback torque may be defeated.
Al stnp iever restricts the motion .of another

part by a lockmg action.. Flg 8- 10(A) illustrates

a positive' lock in whxclv any -opening torque is
oa’anced ‘by a. deﬁmte closmg torque. Fxg

-GJG(B) ‘shows ‘a sensitive ‘brake in which ‘the

‘DESIRED

" 'MOTION,

— REACTION
FORCE

- 7‘\\ CLOSING

™

' TORQUE
‘DRiving
e T——
FORCE

(A) Fositive Lock

MOTION
~DESIRED

SPRING TORQUE

COIL SPRING

SPRING
FORCE .

‘COMPRESSION
SPRING

——
DRIVING
FORCE

(B) Sensitive Brake
Figure 6-10. Trip Levers

opening torque present is balanced by a closing
torque that depcnds -upon friction. These are

sensitive to small: motions by the dnvu g forc

bécause a sliding. actnon once- started will con-
tinue. The kinetic eoeffxcnent of ‘friction ‘¢, is
less than the: statxc coefficient ¢, which means
that the part starts.to move when . u,Fr< G
the equation:

G, - wiFr=10, in.-1b (6-36)
where ¢ is the spring torque and r is the friction
radius; i inin. (see Fig. 6-10(B)). At the mstant
when Wy -drops to #, ,.the angular- acceleratlon
¢ incredses with a Jump

Aiiother trip lever is operated by an inertia
type all-way switch for graze action. Fig: 6- 11
shows how an inertia ring will move a tngger
plate regardless of the direction of the force on

‘GUIDE —<, ,
B LEVER
INERTIA c :
\ ~ TRIGGER
RING [ _pLATE
Kej ‘
FINGERS T = GUIDE
J4) Unarmed
GUIDE
\%/ LEVER
. /\
; Z TRIGGER
JANERTIA PLATE
RING
',° 0 el
FIl-GERS )
: GUIDE
(8) 4drmed

Figure 6-11. Firing Ring for, Ail-way Switch
6-11
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the inertia ring. The fingers then.raise the lever
along its' guxde
Pivots are made from: hard steel rather than
from: jewms because the operating life of the
pivot'is;$o short. Thus the impact  zength nec-
essary to withstand:setback forces becotiies the

jmportarit requirement. Sleeve or. ball bearings

can be used when necessary, but simple sirface
contactis normally used.because space is limited:
if the bearing must be lubricated ¢orrosion prob-
lems arise, particularly afterlong storage.

6-4.3 SPIRAL UNWINDER:

The spiral unwinder ‘system.provides arming,
‘délay in fuzes due to the effect of projectile
.spin. The unwinder con51sts of a tlghtly wotnd
spiral coil of:soft metal ribbon, located: concen-

tric with the spin axis aroiind a fixed hub and

* surrounded by a circular.cavity (se¢ Fig. 6-12).

After firing setback has ceased, projectile spin

causes the free end of the ribbon to move out-
ward across the gap ‘to-press against the cavity

wall, Contmm_pg; spin transfers successive por--
tions of the’coiled ribbon progressively outward:

until all of the ribbon has unwound from the
central hub The time taken by the unwinder to
unwrap .provides the arming delay. As the last
coil: of the unwinder 1'1bb013 :opens, successive
members in the arming process are released or
unblocked. The unwinder has been :used to
block a striker in the safe position; to restrain
an explosive train barrier, and to provide elec-
trical switching.

The- tightly wound. bundle must ‘be free to
rotate . around the fixed central hub, either by a

loose fit or, preferably, a béaring sleeve onto:
which. the ribbon is wrapped. Correct direction
of coil wmcung relative to projectile spin is

(A) UNARMED ‘{8) ARMED
(Wound) *(Unwound, borrier displaced)

Figure 6-12. Spirol Unwinder.
6-12

mandatory. A light retainer spring around the
outside- of the coil bundle keeps the coxifmtact.

during transport or-rough handling.

Delay time can be varied from a few milli-
séconds to a half second: depending on projec-
tile spin rate, vibbon length (10 to.36 in.), and

-cavity diameter. Theunwinder requires high spin

rates, 12,000 rpm being ahout-the lowest applica-
tion to date. Unwinders have i{»en meade of'soft
aluminum, copper, and- brass ribbon, about
0.008 thck

The unwinder begins to opevute, and con-
tinues to operate, when the force causing bundie

rotation exceeds-.rotational friction drag forces.

See Fig. 6-13 for definition of symbols and
units. Thé centufugal:force F, of the-unbalanced

ribbon bridge is A
W oa Nr
I 4 r3

where I isithe weight of the ribbon bridge, 1b
and N is the rotation in rpm. The force tangent
to the bundle-at its outside diameter.is

SR 1)

F =F cosf, Ib (6-38)
and torque on the ribhon bundle
Gy =Fyr, dn.-1b (6-39)

Because of the many.possible varieties of inter-
locks and engagements, calculations for the fric-

tional drag on the unwinder are not given here.

The- calculated value of total frictional -torque
C should be compared with G for the appro-

prlate -values of r_,r, W, r, at several points-

in the unwmdmg action, specifically at its be-

ginning and ending. It may then be determmed?

from the results whether the unwinder bundle
will start to operate and fuily operate.

The excess of G, over G, will rotationally
accelerate the coil bundle. Rotation of the bun-
dle is necessary to transfer a speécific length of
ribbon from a.smaller diameter 2r, to-a larger
diameter 2r_ . It may be deduced that, the
larger the difference of G, over Gy , the’ less the
unwinder is influenced by variations in friction,
and the more consistént will be the time delay

-brovided by the unwinder design..

‘Unwinding should be smooth and free, with-
out cyclic variations. Folds or npples in-the un-
wound ribbon lying around the -inside of the
drum cavity will produce chatter caused byr
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changing length. of :the ribbon bridge and may
stop the unwinder.
The axxglxlar acceleration o of the ribbon bun-

.dle dué ta ((r'l~ GJ)is

oY (6-40)

T
where I isithe moment-of iné;tiz\

4

Ill

Also
b = ptous, b B (6-42)

where p is the density, 1b/in? ,and v is the rib-

‘bon width, in,

%Gn 40

o

a = —— ~ 3 = — ; X‘adllsecz (6'43)

7 (r} ~rymp di?

This angular acceleration will be reduced by
moments due -to both the elastic bendmg re-
tramt M of the ribbon and friction drag M 5

a =,.—g,((~l - M- M : , rad/sec® (6-44)

a (ry -1y )wp
Further denvatlon can ‘be made for solution of
the values of do ,ryand g—-forcmcrements of time,

yielding an approxxmatlon of the delay time
provided by the unwinder and diameter of the
coil’ bundle remdining. However, the-increase in
retarding frictional drag: with incréased rota-
tional velocity of the bundle will probably -be
unknown, ‘thus producing results somewhat in
error.

'6-5 ROTARY DEVICES

Somecomponents of the arming mechanisms
are pivoted so that they can turn through a speci-
fied angle. This rotation ‘may be-caused by cen-
tnfugal effects, by air stream effects; or by un-
winding springs. The axes of' the rotating mem-

bers may‘be parallel-to, perpendicular to, or at

an. angle with the munition axis, These featuxes
are discussed according .to whether the devices
are in stable or unstable.equilibiium, i.e., wheth-
er the munition spin causes or merely affecls

their motion. The devices follow the .general

principle that the rotors turn until the moment

)
% R

Fas

of inertia of the Totor with respect o the muni-
tion spin-axis is 2 mazimum.

6-5.1 DISK ROTOR

The disk rotor is forced-to turn about its di-
ameter thatl is coinéident with the inunition
spin axis. In this motion, the disk will rotate in
its own. plane about an axis perpendicular to the
spin axis according to-the above principle. The
rotor shown in Fig, 6-14 is in its initial position
with its-symmetrical diametral axis at the angle g
to spin axis of the munition.

‘When the anglc ¢ is zero, the disk has assumed
the pusition. of dyhamic equilibrium. According

‘to Fig. 6-15, the devlce may actually become

armed-before 0 = ¢ .. This is because the detona-
tion wave from the detonator may be:propagated
across the gap at the overlap of detonator and

Jead edges: This means the.fuze is no Junger safe.

. 3 RADIUS OF CAVITY INTO WHICH
¢ THE UNWINDER OPENS

T, = RADIUS OF OUTER colu
F, = RADIUS OF INNER COIL

I'm = -RADIUS OF MIDPOINT GF RIBBON
BRIDGE

§ = LENGTH OF RIBBON BRIDGING
BETWEEN BUNDLE AND CAVITY wALL

1, = RIBBON THICKNESS
ALL ‘DIMENSIONS. ARE IN INCHES

NOTE RIBBON 1S ASSUMED TO-BE STRAIGHT AND
TANGENT TO THE BUNDLE, FOR
SIMPLIFICATION

Figure 6-13. Nomenclature for Spiral Unwinder
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SPIN: ,AXIS

@ D
o= :SETONATOR

FIRING PIN :PORT.
,IP:

b3

WEIGHTS

FLIGHT  DIRECTION

LEAD CAVITY

Figure 6:14. Disk Rotor

Hence, for minimum arming distance, the de-
sxgner must -calculate the time for :the. angle.6
to reduce to 6 rather than to 0.

The important equation for a disk is the
torque equation :about the:polar axis. For the

disk shown in Fig. 6-14, the torque equation is °

=08 = (I, - I} o sit9 cosf'= - W, a’jir (6-45)

FIRING -PIN ————————]

—

DETONATOR

FLIGHT DIRECTION

_INITIAL
POSITION

SPIN AXIS LEAD

Figure 6-15, Detonator Overlap in Disk-Rotor

8-14

where r is.the radius of the disk, -0 is any- inter-
medxate position of -the' disk, g is. the angular
acceleration,. and:J, I, and I are- moments of
mertla about the three axes. !

If a’ js-zero, the fnctlonal torque is-zero. The
solution of kEq. 6-45 then becomes an elliptic:in-
tegral oti the first kmd a

[ Y 4]
ey fl 4, < == (6.46)
@ VY1 =K sinfp. ’
ing” & .
snio ac "2 and K. s,

Tables of the functxon can be used to solve fort.
The equatxon has been analyzed and solved for
the Ta70"series of fuzes’.

it o’ ‘is not zero, Eq, 6 45 must be solved by
mtegratmg once to give

where ¢; = -;ur‘

02w i-:‘lb_ 6sin%0, - sin®g) - 2”!3’ nr @, -6) (6-47y
J
This shows. that the: kinetic term must exceed
the maximum value of the fnctlon term in order
that the. disk may turn;’i.e., § must be real,

Eq 6-47 is integrated by numerical’ methods
'The value of § is obtained, by substltutmg vari-
ous angular values;from 6, 10 0.in this equatlon
Plo* the reciprocal of ¢ agamst 9 and meéasure
‘the area under the curve from 6, to ¢.. The area
will ‘represent the time for the disk to move
from 6, tog.:

[0’ d6

“Jo. 70 ; f6)= (6-48)

6-5.2 CENTRIFUGAL PENDULUM

This device is a bar pivoted at its center of
mass, In Fig, 6-16 the pivd$ axis is shown.per-
pendicu'ar to-the munition spin- axis. If the cen-
trifugal pendulum spms about an -axis perpen-
dicular to the-pivot axis, it will rotate until it
reaches the position .of mazimuin moment of
inertia with respect to' the spin axis.

This device has an equation of motioniden-
tical with that of ‘the disk rotor. There will be
very little fnct!on ) that ‘the friction “term
may be neglected and Eq. 6-46 will” represent
the time to swing the bar,

Note that for the disk rotor, (I, » I )is small
50- that 6 will. be small and ¢ will be large How-
ever, for the- pendulum, (I, - I) is large; 6 will
.be large and t will. be small.
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ANGULAR VELOCITY
8' v

ANGULAR ( 35% AXIS.
VELOCITY OF“8AR

FLIGHT DIRECTION

?
.' >
CONTACT

PLATE

Figure 6-76. éentri'fugql,Pehdu lim

. 6-5.3 THE SEMPLE PLUNGER

This device, shown in- Fig.-6-17, opetates by

centrifugal effects so-as to pivot, when released,.
into a- prefen'ed orientation. Since thie center of

mass is not ona line of symmetry of the body;

the moment of inertia T about the pivot point

must be ca!culated from the expression.

L=f rtdm ¥
0

. PIVOT
-PIN _HOLE.

(6-49)

BPIN:
AXIS:

Figure 6-17. Semple Plunger

T~ ’ 23 B 2 P

The quantities shown in Fig.’6-17 lead to the
torque equation:

W.r o
C/, ———”1—‘ {1 g.51n0) o? +‘Wi’a '1;,‘ cosf) = 19.(6-50)

where C is the frictional-torque which may be

very small’ compared to the centnfugal force and’

g I in: is the radidl distance: froin.the- pivot to
the cehter of gravxty of the leaf. If G,xs»known,
then the equation ‘niay-be solved 'by numerical
integration as-was ,Eq; "6-45.

. bu 0 - - d0 . .
0, /5
il m (cos(l -cos0,)
R (6-51)
2" a’r, s 2(:
v b 8 (5in0 - sing ) + L (0 a,)

Evaluate the denominator and. plot its.reciprocal

‘against ¢ ..Messure the area under the‘curve-from

0, to zero which.will be: sthe time-for- the plunger
to move,

6-5.4" SEQUENTIAL ARMING SEGMENTS
This device senses the velocity change resulting

fromn ‘a- continied-linear acceleration in ‘the di-

rectxon of the prOJectlle axis as. shown in Flg
6-18. The mechanism-consists of-a series of: va-
otéd segments, each held in position by a spring.,
When a sustained acceleration"occurs—as when
the projectile is launched—the:first segment ro-
tates through an angle sufficient to release the

-second segment which, after rotatmg, releases

: PIVOT
: PIN
2
°
PLUNGER — 1Y
w
x
o
- . b
PETENT DETENT 3
"SPRING : 3
w
% :
“ \ -
K
f
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~the thitd' segment. When this-last: :segmient Coni
pletes.its rotation, a lock pin dlsengages a spring-

held rotor..
The segmients are desighed to operate on set-

back. Any short-penod acceleration: such-as may

-ofcur<n a fall or a’jolt will-not cause- thu whole
‘sequénce:to be completed

Consider.<the sproblem. of’ designing a. sequen
tial leaf. mechamsm to-operate: when it experi-
ences. an acceleratmn of a éertain minimum- mag-

.mtude a"for a certaln minimum:duration t -t

'l‘he values -of a’j t,, and ¢ would be selected
fromi the setback acceleratlon curve, Fxg 6: 19,
sosas.to utlhze a large portion of the area: under
the curve (velocity change). 'The dlfferentlal
equation' of motion for a single leaf is.

Id= W’ (t)cos® - o)~ (G, + k0) - G, (6-52)
'The symbols for this series.of equations are

W = weight of leaf;1b

.g = radial distarice from pivot fo centerof
-gravity of leaf, in.

I = moment of inertia'zo‘;' ‘leaf:about:axis
of rotation, (lb'sec) in?

) “in,

¢ = angular displacement of leaf, rad

i = angular.acceleration, rad/sec*

a’* 2 design minimum acceleration assumed
constant, g

d’{t) = applied acceleration, g

a = angle between perpéndicular to direc-
tion of: acceleration and line through
center of gravity of leaf, and- axis of
rotation of leaf, rad’

LY
G, = torque due to prewinding of spring,
in.-lb
k= spring constant, in.-lb/rad
G, = friction torque, in.-lb

If leaf rotation is limited to- the rarge of
£ 22.5% from the horizontal, cos (0"~ «)can-be

6-16

ROTOR OR LATCH"

DIRECTION “OF"
.ACCELERATION
‘OF PROJECTILE

-RELATIVE
-DIRECTION.
OF INERTIAL
FORCE. ‘ON
LEAVES

Figure 6-18.. Sequential Leaf-Mechanism

assumed: equal to unity without introducing
serious error. Also, the. initial.spring torque G,
can be expressed’as Wr ga" where a’’< a” 'I‘hu"
. the equatlon becomes

I0 = 'Wr'__g %[a',(t). - a':] - ko ~ Gf (6'53)

Assuming a’(¢) = a] a constant, and

0(0)=6(0) =0, the solaition is:
Wi, (@ ~a”) - G’,'I" (6-54)
= p - J (1 - coswt)

E
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-where ¢ = L/ 1
leaf is-thus

e,

. The arming. time ‘for a single

ke,

arm

t'l"li‘l e cos"‘l 1“- 2,
* e Hzcgla -a )

]6 55):

For a-mechanism withthree identical leaves,
by apw = 3ty aru and in, the-case under consider.
ation, ¢ty ., = ¢y~ & anda’ = ¢”

For sustamed acceleratmn of a magnitude
above the minimum: magmtude a’, the arming

- tune .decreases with mcreasmg acceleratlon mag-

mtude A-colisequience of this is:that a sustained’
‘accelération of magnitude-greater than & ’mxghﬁ

arm- the mechamsm even. thougluthe acceleratién -

lasts-for. less than the time interval t, -.t, .:It'has
‘been- found that a carefully design ed-mechanism
can be made-not.to-arm-only for-drops up-to a
height. for which.the 1mpact vélocity is:one-half’
.the design- velocxty change. For drops-wheré the
impdct ‘velocity:isrequal to-or greafer than one-
half the design velocity change,-each drop pulse
must be.éxaniined:individually.

the setback -dcceleration curve, each leaf. would.
be desxgned to operate ata sllghtly different min:
imum acceleration. This can ‘be done by varying
the thickness -of the'leaves. Fig. 6-19 shows a
-typical. setback acceleration curve snd the por-
tions.cf the curve, utilized for operation.of each
leaf.

Frear N N
| no.t \:g‘f‘ LEAF |
AR Y

ACCELERATION, g's

(o} 0018
TIME ,. se¢:

‘Figure 6319, Setback Accelerction Curve

6-55 ROTARY SHUTTER’

This device is illustrated in Fig. 6:20. The
plane of a disk type shutter is rotated about the
spin axis of the munition. There are three pnints
peculiar to the construction -of this .shutter:
(1) it-is pivd'ted at the center of the semicircular
-part, (2) it is set to rotate in its-own-plane so
that: either the flash hole bofore,-rotatlon or the
detonator after rotation is centeréd-on the muni-

tion-axis (the flash ‘hole is a blind hole intehded:

mw‘“\m“«“

ey SV n

osrdunba~7

FLASH WOLE _. /
{on projectile oais )

CINTRIFUGAL /_-
PIN SPRING S

CENTRIFUGAL PIN

PIVOT PIN HOLE <~

MOTION TO ARM
e ————

Figure'6-20. Rotary Shutter

0 capture the burning particles; flash holes have
been found'to be unnecessary in recent desxgns),,

and (3) the center-of mass is- located ‘neither at

the pivot nor on the: mumtxon -axis. When the

fuze spins; centrifugal effects will cause the
shutter to .turn. after the . centrxfugal pin -re-
leases-it.

The .moment of inertia I about the pivot must.
-be found from ‘Eq.-6:49 and then the equation:
-of motion will be

I$= ~nofr; 1, sing + G (6:56)

Where m is the. mass of the-disk, r.andrp are
radii indicated‘in Fig. 6-20, and 96 ‘is'the angle as
‘indicated. The-solution-must-again-be-found-by-
‘numerical:integration of the equation

g

.95 Sy 2 A
‘\/——m(-oI—rs——(cosaS cos¢,,)+—I'L(aS 05)

't=[d>;9 : — dé«

(6-57).

This will be the time to rotate from ¢, .to

(¢, = 0). At this angle the detonator is-aligned-
with the munition spin axis. As before, ¢ may be-

larger than (¢, - 6) because the detonator
could be.initiated before‘it is exactly.on center.

6-5.6 BALL CAM-ROTOR

A device can beé.used that has a-timing.cycle

vmversely prono'txonal to. the rotati¢inal velocxty‘
:of thé fuze..Since pro;ectllef from .a given gun

6-1 7
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» have very nearly’ the same spin when fired uider:

‘1dentxcal .conditions, thu device produces a
‘nearly- uniform time delay.. ’I‘he device consists
-of three: parts (1).a bail which moves in-a-cen-
;tnfugal ﬁeld (2) & statichasy part with- -a.slot

‘radisl’ to~«’the fuze spin axis to guide the ball, and.

(3) 1 xotor wath a splral slot which xs«tumed as
‘thewball' moves»radmlly Fig: 6-21(A) shows:the
ball"in- the ‘slots -of the rotor and. stator. The
‘forces on the spnral ot are shown in Fxg c~21(B)~
and those on the ball dn Fxg -6-21(C). The
torque equation. for.the rotor is

‘SLOT | IN.
ROTOR.

Rotor Assembly

(C) Forces on the Boli

Figure 6-21.. Ball Cam Rotor
6-18

F :sin¢ n¥ reosd = jo' 36-58}

where ¢ is the. slot spiral angle and ‘g the rotation;
(The center of rotation is.on the fuze spih axis.)
The force equations (F = ma) for-the-ball are

nro® - Efcos +-psing) - pFyp = a¥  (6-59)

)ﬁ‘co &Fn(simf;—\-,p /COS(ﬁ) = O '(6.60)

where F., is-the Coriolis force necessary to-ac-

celerate ‘the- ball: about the axis because it has a

radial velocity: (see par. 5-4. 5) Comblne Egs.
6—58 '6-59,, and 6-60 to- eliminate I*',_.o ‘and-F, .
The equation. becomes.

[ ) -p/tang.
m,{gm« anqS _____.___...__) i (6-61)
1+ 2utand - p

To solve Eq:6-61-conveniently and obtain-an ap-
proximate soliition, define ras.r, + 30 where sis
the .cpiral- constant; recognize that r tangequals
dr/d@;let(1 — p/tang)/ (1 + 2;1tan¢)equal Cs
a constant -assume p < tang ; and -assume
ro?>> Y where ¥ is theradial acceleratlon of the
ball, Makmg the indicated substitutions, one
.can write the differentisl equation

15 - m?Cs% = me?Csr, (6-62)
from which is obtained
to— ‘\1.cosh"'»[/ro (6-63)

osyYyn

This- equatlon shows that:the time to rotate the

rotot is invérsely . proportional: to the spin of the
projectile,

5-5.7 BALL ROTOR

If the fuze:i in a spinning projectile requires a
larger arming delay than that .obtainable with.
some disk rotors,.a ball xrctor like:that shown in
Fig. 6- 22 can be used. The ball: -has a diametral
cavity for &hevdetonator In the-ufiarmed: posi-
tion, the ball is oriented and held by four detents
so that the detonator is out of line with the- finng
pin and the boostér. During the arming process,
the-detents withdraw from the ball as the spring
expands wheén the projectile reaches the proper
spin velocity. The.ball is then free to turn in its
spherical seat until it reaches the position of dy-
namic Pqulllbnum The detonztor is then aligncd.
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‘One approach to- tj\e equations of sriotion for

‘the- ball i is givertin. Appendxx L. Equations:are. de-
: 'nved for the startmg conditions, -and- the spin-

velocity-at which the-detents-drop out is found
to be:

wlr

mr;_'«iJ ~ 1) sina ctw)éu

(6:64)

The ‘meaning of the symbols is given in the
appendlx

Because the ball inevitably rolls in its spheri-
cal seat so .that the contact point varies with

time,. the. differential equations-become exceed-

mglyzcomphcated Usually, the practlcal solutlon
for. the- ball rotor is obtained by expenmental
-riethods.

The. factors considered necessary to ‘design a
ball-rotor are the moments of inertia of the ball,
-spin .of: the pro;ectlle, tlme delay requu'ed size
of ‘the detonator in relatlon to-the .firing -pin,.
and- Size - of the detent -springs: Some of ‘the
parameters that may be changed are diameter,
posmon of the center of gravity, and’density of
the ball. Itis suggested that the center of gravity
'be close to the geometrical center of the ball, the
preset angle of the detonator be near-45°, and
the detents. slmultaneously dlsengage sthe rotor

6-6- CLOCKWORKS

A clockwork may be used to establish a time
mterval from~the~mstant of launchmg to-the ini-.

tiation of the primer. It is not ordinarily used to-

‘measure--arming- times-- although the prmcxples
could be extended to arming.-Clockwork is one.
‘of the: oldest devices ‘used successfully ‘in‘fuzes
for.timing. )

There are many parts.of a clockwork but only
the escapements and gear trains ase- dlscussed in
detail, Design. features of gears, beanngs, and
shafts are covered in-standard design texts®.
Note, however, that conventnonal designs must
be used with care. Normally, the procedures ad-
vanced are for machine elements having smooth
power transmission. In contrast, the fuze clock-
work transmits.low levels of torque at low run-
ning speeds. In addltlon, the fuze has space limi-

tatic® =-that require the use of small pinions with.

few e b (usually 8). Remember+also that the
envxronr;xs‘.’ i tovere (see par. 9-2.1), specml
lubncatxonx g\roblems -exist (see par. 14-7), and
the relation of thé sétting and-indicating devices
8 critical (see par. 14-4).

FIRING PIR—,

SPRING STOP-~—. BALL ROTOR

STRING

DETONATOR’

(DETENTS CAVITY

(A)-Unarmed Position

) FIRING-PIN  ~
DETONATOR CAVITY

SPRING STOP

.SPRING

{B) Armed Position

. ‘Figure.6-22. Ball:Rotor

6-6.1 ESCAPEMENT " YPES

Escapements are the regulators -of mechanical
time fuzes.while gear.trains are-their: transducers
There are three types of regulatmg devices:®

(1) Group I - Untuned Two-center Escape-

ments: A’ pivoted mass driven by ‘an escape
wheel. Physically, .this is a mass oscillating with-
out a spring by depending on its own inertia.to
contrel its motion. Example:. rinaway escape-
ment,

(%) Group TI - Tuned Two-center Escape-

‘ments:~Arcombination of a pivoled balance-and-

mass restonng spring, pulsed-twica per cycle by

an escape wheel. Physically, this is a mass on a.

spring- executing simple harmonic motion. Ex-
ample: Junghans escapement.

(3) ‘Group III - Tuned Three-center Escape-
qnents: An intermediate link is placed between
escape wheel and oscillating mass to improve the
precision of impulse delivery-and to minimize
drag torque. Example: detached: lever' escape-
‘ment..

6-19
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66.2 umui}emwgox:;mé‘n‘ ESCAPEMENTS. '

Ancuntuned.or runaway escapemént is-zitim-

ing device with a-cyclic régulator that does not
-execute simpie harmonic motion. The system
-consists of three partsi:(1)a toothed wheel actii-
ated by an apphed torque,.(2) a pallet with two-
“teeth, and (3) a-mass oscillating without a. re-

storing .force, F1g '6-23: shows one:shape for an
escape wheel, It differs from that in the tuned es-
capemént ‘because:it raust always- perrmt motion

-of the pallet. When*the escape Wheel tums, one
pallét tooth- is pushed along the: -escape- wheel

tooth. The other pallet tooth. then ‘engages the
escape-wheel. A.constant torque.appliedito the
escapeﬂwheel will: cause-the oscillating system to
opeérate like a governor ‘because- the muiss of the
oscillating part must ‘be: dnven through-a ré-
stricted:path. -All changes ifi-this torque will alter
the frequency of o:m.llatron .of the runaway
escapement,.

The.frequency of pallet oscillation f, may bé

-calculated from. the torque .G on the eéscape

wheel if’ the following assumptions-are made :

(1) the half cycles -of the pa.'llet .are equal in-

time, (2) the driving-torque is constant, (3) the
impact is inelastic;, and (4). the friction is. negli-

gible. 1f 9 is’ the angle.between extreme posxt10ns=

of the pallet in radians and. /, is; ‘the moment of

inertia of the oscﬂlatmg mass mvslug»m ,’then:

(6-65)

‘where r, is the radius-of the pallet wheel; in.;

, is-the radius of the-escape wheel, in.; G is
the torque in.lb. Thus the frequency variés as
the square roet of the escape wheel torque. When
designing the gear train, the designer must re:

r

‘member that G_is-the actual rather'than the theo-

retical torque, (Use 30% of the theoretical torque
as-a first approximation.):

To meet safety requxrements the. fuze must
not become armed -until it has traveled a certain
minimum safe- dxstance from. the latincher. The
ideal device would measure this. dxstance directly.
In lieu of this-difficult if not impossible task, a
time. mterval is‘measured in such a way-that it is
directly:related to'the distance. A timing device
would suffice if the speed of the projectile were

constant. Timed' arming devxces -can be-applied:

with reasonable confidence to projectiles; how-
ever, the ‘behavior of rockets and missiles:is. too

6-20

4d1agram

SPRING
:MisSl| LE
*ACCELERAT!ON (- QE;AF. TRAIN
masé " =

PALLET

Figure 6-23. Runaway-Escapement

wvariable to measure arming distances.with timing

devices-even if the assumption were true that all

‘rockets performed normally.
This'is brought about by the fact that the ac-

celeratjon-tirrie ‘diagram for rockets is not the

-same even for all those of one type. Fig 6-24
'shows the influence of rocket motor tempera-

ture (at the time of firing) upon the.acceleration-
time dlagram Other factors such as air.. densxty,
velocity of the. launcher, and steenng actlvxty can

Suppose for example, that it is desired to arm
the-rocket ‘at: 700-plus or minus 100. feet-from
the launcher. F1g 6-25 shows that the -arming
time must vary with: the acceleration-of the rock-
et if -the arming distarice would be.held within

€ -
’ (40°F INITIAL MOTOR TEMPERATURE

3
K4

O*F INITIAL MOTOR TEMPERATURE

‘ACCELERATION,-g's
N
o

TIME, sec

Figure 6-24, Typical Rocket Accélerations

PN

-

PRSI

S T,




(Y7 T A TN R

’ ,
e Sy, el W
P g, Y ‘“*‘353: TR
! - N

Al
-

,g\!vc‘?ovv‘

AR o Bl

R

w wg‘ay

ISR [

Arg,

.o

S

\
Lo v
SN N X
:
.
kg o <
Cad N 1 - Y
R
.

<

i

Y

AMCP 706210

the speufled tolérance. Thus, a ﬁxed fime.timer
would:not be. satxsfactorv

The problem.can:be solved:-with-a runaway-es-
capement. timer. If the escapement is driven:by:a-

xdevxce ‘which derives its power from the accelera-

tion -of the-rocket;.the escademént can be-de-
sxgned to effect ‘arming in- the' same distance
even -under dlffermg values ot,acce.eratlon Fig.
6-23 shows.a device in wluch the torque applied
‘to the escapement will be proportional -to. the
setback accéleration.
" The-tire-t t6-arm.can-bé expressed as.
1 .
t = ---— '6

KT (6-66)
Jbecause it depends-upon the nuimber of: oscilla-
tions-of the pallét and’ thence uponits frequency
Fne kyis a proportlonallty ‘constant. The dis--
tance- along the trajectory that. the rocket will
iravel during the arming-time, assuming constant
acceleration, is

S = ";'a l2 (6"6;7)»
The-torque is given by
G = mar, ky (6-68)

where m is the mass of the driving mass on Fig:.

-6-23,.a is the rocket acceleration, r, is the radius:
of.the escape wheel, and'k, is the ratio constant.

between driving -gear and escape wheel. Com-
bining Egs. 6-65 to 6-68, a-constant arming dis-
tance:can-be-expressed as

4I;;01

h 6-69
k2 nkgr,. (6-69)

in which all terms:-on the right are independent "

of the rocket ballistics.

The runaway escapement can.be employed to
establish a constant arniing distance in this cir-
cumstance. However, the analysis assumed that
for.any-one:rocket the acceleration during flight
would be-constant which. is not neceéssarily. true.
Some rocket motors-exhibit charactenstlcs which
make the rocket: accelérations vary with- time.
Fortunately, the total arming distance §;, is only
modetately: affected as shown in the equatlon

S =S4
= b Comm——
, T kya®
Sinceé both k, and q are large compared to S, the
second term-becomes insignificant.

(6-70)

Eq.6-65 describes an ldealxzed device and can-
not account for. effe(.ts of fnctxon or materials.
For a particular_one-second timer, the empmca}‘

equation for the average velocity 5.405 the escape
wheel i§ given by

0',_,:0 931»} 0.112 GO.S/I 0,612 (6'71)
where ., is.the momént of inertia of the-escape
wheel, the other terms. havmg ‘been ‘previously

defiried: This is of the same. form as :Eq. -6-65
because
f, = NG (2n)

is the number of:teeth in*the escape

(6-72)

where N

'wheel The -constant coefflcxcnt in Eq. 6-71 is

found to. depend upon variots factors center-to-
center distance between escape. wheel and Jpallet,
radius. of the pitch-circle of ‘the-escape wheel,.
friction- of the gear train, and number.of times
that the mechanism has been “run down.’"

6-6.3 TUNED TWO-CENTER ESCAPEMENTS

When masses on springs vxbrate the ampiitude
of.the oscillation decreases to zero accordingto
Eq. 6-11. Friction damps out the oscillations so
that a force must be:applied to maintain the os-
cﬂlatlons If- this driving: force: adds energy in

.phase; the frequency of oscillations will not.be

changed But theé natural frequency is dependent
upon the frictional fotces (ususlly undetermined)

50 that the desigher must. approach.the problem

carefully. )

The escapement is: the part of a timing device
which (1) counts the number of osclllatlons ‘exe:
cuted by the osclllatmg mass, and (2) feeds
energy to the oscillating mass. Thé pallet' con-
trols the rotation of the escape wheel while it

n
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3 ’receives -energy :that maintainis the oscillation.

upon the- fmeqqency -of -osrillations; ot the pallet.

¥ rduddeie > enanpgt

—

6:6.3.1 Dexcription of Escapement Mechanisms

Th. the recoil’ or:Junghans:-mechanism, the es-
cape wheel. recoils- or mioves backward after a
pallet tooth impact. Hence, the escape wheel and
the gear train are: momentanly reversed Any
, tendency to lengthen .the distance: the pallet
p swings is resisted by. the recoil -forces. The re-

SR e gt a3 e

at the -expense of accuracy. In: the deadbeat
Junghans escapement; the escape wheel stops but
does not reverse its motion.. Fig. 6: -26(A)- shows
tooth 4 failing on pallet tooth A’. In Fig.
6-26(B), ‘the pallet is passihg through the ‘equilib-
rium pmnt in its oscillation wheré tooth 4 is

'DIRECTION - OF
FALL iMPULSE a -

~
[}

" DIRECTION OF.
FALL IMPULSE

(c). Escape ‘Wheel Tooth Foiling oniPallet Tooth

6-22

As the pallet. téetl, trap and release escape- .wheel:
teéth, the rotahon of the escape whéel-depends

~coil -design lends itself to. self: stamng, perhaps -

(A) Poliet Tooth Sliding A/ongfscagg Wheél 7ooth Face

about 1o be released by thé pallet. In Fig.
6- 26(C), the escape wheel tooth ¢ has fallen
onto. the pallet tooth B’ which is the opposite

‘part ot‘ the cycle from. Fig. & 26(D) If the line

of action of the impulse passes through the vaot
of the pallet, the -motion -.f:the.pallet will not
beraltered As: tooth B”slides beneath tooth. C,
the -escape- wheel stops. In Flg 6—26(D), the

pallet has returned to its equilibrium position
and is being driven vy the escape wheel as shown:

in Flg 6-26(B). If the- energy: is- added as the
pallet’ passes through its .equilibrium posmon,

the frequency of .the oscillating mass (regulator);

isleast affected.
In order to save space, pallet teeth are placed

close to. the pivot but this is. limited because-
steep- ‘angles between' pallet. and escape wheel‘

teeth increase wear. Wheel teeth .are undercut
to allow the pallet to swing to its fullest exterit.
The Junghans escapement descnbed above

SPRING’
?ALLET/ @ \ /
TEETH ¥ SPRING
,. SUPPORT
)
y \;‘\\ T //
BASE QlR(;LE__\\BO ATION ,/¢%

Section -1

(0) Pallet &t Equilibrium

Figure 6-26. Action-of Junghans or Deacbeat Escopement
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. has been modxﬁed by Dock'® -and *Popoutch“

t3 glmprove accuracy 'l’he Dock modxﬁcatxon

_“uses.a Yound wire- escapement lpnngan place of

‘the bsr—shaped spring' of the -Junghans escspe

" ment.. The -Dock modxﬁcahon -reduces the-spin

sensitivity .of, the mechamsm and~also obvmtes

stmghtenmg ‘of the spring- after it A8 mserted’

ifito: the arbor. The: Popovxtch modnﬁcatxon is
‘ghown ‘in Flg. 6-27' 1. It -uses two- outboard
sptings instead.of an escape spring on the arbor
This modlﬁcatnon also réduices. the spm -sensi-
tmty of the: mechamsm :

s-s 32 ﬁosriétion of Toom'oaig"n

Escape -wheel teeth - dehver energy to the

pallet and’ thesideal: booth contour«xs the locus
of’ contact pomt as. the pallet osclllates Even
~4though the ‘oscillation .is- dsmpeéd; the impulse
should compensate for the: damping forces. How-
eever, such a-design is 1mpract1cal because the re-
aqmred tolerances are too small. Still, the toler-
ances are not 8o strmgent if the: pallet veloclty
and the torque accelerating the eicape wheel are
both constant.

e e FEEIA T . S5
e > “ N .
JTen . . ¢ s -SSCAPEMENT WHEEL

Figure 6-27. Popovitch Medification of
Junghans Escapément

Kelly and Zar derived ap~equation for the es-
cape wheel tooth' contour using the conditions
for maximum efficiency" 2 The x .and_ y cooidi-
nates shown in Fig. 6-28 are related by the equa-

tion
17 Gy?

X = ovm cmorsmmens

- (6-73)
vi]

-ARCS.
*FROM O

ORIGIN OF
COORDINATES

ESCAPE
“WHEEL

Figure 6-28. Coordinate System for Analysis of
Tooth Design

where r, -is equal. to the radius of the escape
‘wheel and G i8 the torque thereon, v is its periph-
eral velocity, andI is the total moment of inertia:
Fig.. 6—29 enlatges the pomon circled in- Fig.
6-28. The coordinate system consists of arcs
drawn with the pivot point of the pallet and the
rescape ‘wheel as respective centers; The origin is
notedﬂfor £=y=0.By assummg representahve
values, the -contour -shéwn in Fig. 6-29 was
plotted -rp.(the. radms of the.pallet tooth). is 0.1
in., r, is 0. 25\m., the frequency of oscillation of
the pallet is 110 cycle/sec, I is 107 slugin? , the.
minimum ‘torque ¢ is: 0.2 in.oz, and v is
9,65 in./sec. The lower contour curve repre-
sents 100% energy transfer with no allowance
for frictional losses in the escapeinent.. If the
losses are 20%, the ordinate y, being propor-
tional to G- %, must be increased by a factor. of
10%. !I‘he upper curve on Fig. 6 29.is the contour
allowing for these losses.

6-6.3.3: Description of Spring Design

The natural frequency f of the escapement
neglecting fnctxon is

I, = \471—“ cycle/sec

where k is the cpring constant and I', is the mo-
ment of inertia of ‘the oscillating system. For

:(6-74)

6-23
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1 b4
NOTE:- ALL. DIMENSIONS IN INCHES

Figurer6o29 Escupehrent'AViheel‘Toofh Design

stability, the*spnng forces should be large com-
-pared to thie inertial - forces- caused by the muni-
tion’ sacceleratxons, hence, 'k must bé large and
1, Small, Sirce a°watch spring. (hairspring) does
not satisfy these requirements, a small beam or
torsion bar is used. The ‘type shown in Fxg
.6-26 has been used for -many years. The flgure
shows that the spring -is doubly supported at
each end with:the pallet at its center. Table 6-1
gives the spring constant for a.flat leaf*spring,

A2E1,/1, whete | is the length, I, is the second:

moment of ‘the cross-sectxonal area, and £ is
Youngs moedulus, By. using this k in Eq. 6-74
and the data from a representatlve fuze—1TI 4, is
6.56 x 1071 in? 7, is 1:86 x 10" slug-in? ,

lis 0.953 in.; and Eis 30 x 106 psi—the fre-~

quency will be 184 cycle/sec: Naturally, the de-

sign includes & méans to change the dimensions.

of the.spring because an adjustment is usually
necessary to compensate for manufacturing tol-
erances of the timing mechanism.

Another type of torsion spring has been intro-
duced recently. If.a torsion bar ie placed along
the munition axis, the spin of the munition will

not affect'its action. The formula gwen in Tabie.

6-1 is good for a spring of circular cross section.
For other shapes the formula is given by

C kG

== — (6-75)

6-24

where (¢ is the torque, ¢-the angle in-radians, ¢’
the shear/nicdulus, { the length-of the spring,-and,
k”a=constant depénding upon the .cross section.

A standard text such as Roark should be studied:
before using this formula'?

6-6.4 TUNED THREE-CENTER ESCAPEMENTS

In.the-detached lever escapement, one end of:
a pivoted’l lever. acts, by means of two pallets, in
conjunction w1th the escape wheel. Tne other
end acts-on the balance mass. A - pin-pallet de-
tached lever escapement is shown in Fig: 6-30" .
The flgure illustrates the mechanism:as used'in
clocks, watches, and certam ordnance timers but
does not-show-thé-recent. modxf:catxon for artil-
lery fuzes that is still classified. The new escape-
ment ‘uses a torsion bar restoring.spring and a
folded lever. Tests have demonstrated. that the
accuracy of the escapement is on the order-of
0.1% of the ‘set time for flights up ‘o 115 sec-

-ords. In contrast, tuned’ two-center escapements
‘have achleved accuracies on the order of-0.5 to

1%.

6-6.5 CLOCKWORK GEARS AND‘GEAR TRAINS'

The design of the gear train depends uponthe
time interval to be measured. The .gear train is
signed according to the following equation

x = f t360/(ON,) (6-76)

where N .is_the:number.of teeth.on the escape

‘wheel, x is the total gearratio of the geartrain,

0 in degrees is the required anﬂle for the'last pin-

Jdon, t is the functioning delay, and f.is the es-

capement frequency. If f is'368, N, is.20, and
tis 30 seconds, then x would be 2208 if:the final
pinion rotates 90°.

N, must be designed to .place a maximum
nurhber of teeth on the escape wheel without in-
creasing the moment of inertia, { , should be high
for stability, and ¢ is set- by the requirements
placed .upon the fuze. The gear ratio must be set
so that,the above stipulations may 'be met. Nor-
mally, individual gear ratios are held to small
whole -numbers.

For the Junghans-escapement, the maximum
escape wheel torque is that at which friction
stops ‘the pallet. The minimum torque is just
above that at which the proper tooth. fails to fall
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onto~the dead face of the other pallet. Eq. 6-78
can be dsed fur thus type of escapement to de-

termine the tooth form when the escape wheel.

is turned by a constant torque.

‘When the efficiency of .the gear-train.is de-
termined, the ‘magnitude of the-applied torque
that can overcome all these losses and stitl main-
tain the necessary torque at the escape wheel can
‘be approximated. Usually, several trials are re-
-quired *before: all conditions of size, shape; fre-
quency, and‘torqué-are satisfied.

The disturbing effects 6f both linear and angu-
lar dcceleration of the munition are-minimized if
the escapement pallet is pivoted on the muni-
tion’s spin axis. As.in all other mechanisms, the
friction of all bearings and'the mass of all parts
should be kept as small as is consistent with pro-
per operation. .

Note that setback forcés will usually act-pes-

5 Hairspring —~.

“"Pallet Llever —

. 'Pullef’?in :
Escopement Pirion —\

pendicularly:to the plane of the.gears. This tends.
to bend them so that they will bind or even-drop-
Gut of>mesh with- their companion gears..Conse-
quently, the arming action.should be -designed

So ihat the gears-are not expectedoto transmit

high torques while ‘undergoing high sétback
forces.

Both involute’® and epicycloid.tooth shapes.
dre used, and the selection often depends upon

'the production facilities. available. The Wicken-

berg gear tooth- design allows greater radial tol-
erances because of the largar root depth.. A'mini-
mum of six teeth is used on small pinions in cur-
rent practice. } :

Tooth strength, wheel configuration, shaft
strength, and bearing size are calculated by the
usual methods' of-:genetal machine design with
due consideration given to the'pecuiiar condi-
tions stated above! ¢3! 7,

\— Safety Roller -

Safety Lever

‘Pallet Staff

Escapeiment Wheel:

Figure 6-30. Detached Lever Escapement

6-25
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CHAPTER 7
ELECTRICAL ARMING DEVICES

7:1 GENERAL

Eléétrical armmg actions include-both all-elec-
tncaI‘actlons (for e\:ample, closing a switch)-and
movement of -mechanical devices by electrical
means. Electrical devices ‘possess- many advan-
tagés under certain condltlons eéspecially when

'fast actlon is desired. Switches and explosive
.motors are common. examples

Electrical’ arming is ar..obvious extension for
fuzes. that, function by electncal means. It ‘may
be convenient to activate the out-of-line device:
bv electncal means’or add eléctrical arming as an

-extra safety device to.interrupt-the circuit’or, to-

short circuit the leads of the electric detonator.
An electric fuze always contains thelatter safety
feature, When designing an electnc fuze, the
order of arming.is important. Since electnpal dis-
charges may occur,. the electric circuit should be
corapleted” before mechanical arming -actions
occur.

In -addition to convenience, electrical arming
also: makes. possible some: features that are' ex-
tremely difficult to achieve otherwise.. For ex-
-ample,. long’ delays are easxly obtained electri-
-cally.

For ‘preselected arming, electrical means have
a pyrotechnic- train. Preselzcted arming 1mphes
{hat -a--fuze-has- seve"al possible: arming: delays,
one of which is selected prior tc launching. The
armmg delay is selécted by adjusting a resistor or

a capacitor, External power for the fuze can be:

applied in aircraft or-tanks, but unfortunately
£his convenience will not always.be available in
the field. Corimand® arming, transmitted to the
projectile in flight, must be electrical.

"Thé circuitry used for arming is often similar

to that used for functioning (see par, 3-4.4); For-

convenience, RC circuits are treated fully in par.

7-3. Some power sources and other components

are discussed in par. 3-4, while others are treated
in par. 7-2, Devices such as switches and explo-
sive motors are used almost exclusively in arming.

7-2 COMPONENTS
7-2.1 SWITCHES

Switches used' in safety and arming devices

‘faust be smalland rugged; must.close (or.open).in.

a -specified time, and must remain closed- (or
open)..long enough to . do their job, Switchies
may be operated by setbgck centnfgga; force,
impact,e or other. means. )

A typical- trembler switch (Fig. 7-1) is-essén-

‘tlally a wexght on a:spring. When a-.nunitions ve-

locity changés, inertial forces cause thé wexght to
deflect the spring:so that the weight makes con-

tact with.the case, The switéh. shown has-a:cur-
rent rating. of 100 milliamperes- and: operates-at,

accelerahons of 4G.to 100 z.

SEALING COMPQUND STRAIGHT LEAD |-
SWITCH- HOUSING g
INSULATOR

l 0.54 1n. MAX
'—“’—_-;g:. === \——
- -\
- 7 AN % ! l
- A\ M
- 7
&
0.185 In-MAX -1 CONTACT
CRIMP AT
Ll \"'x PLACES: \_ conmact SPiNG
-~ 3
- ~SPRING CONTACT TERMINAL:
‘ Courfesys IMOWAS INDUSTIRICES® INC,
K 'NIQI[ DIVISION

FORY ATKINSON, WIS,

Figure 7-1. Trembler Switch,

Fig.. 7-2 shows a mercury-type centnfugal
sthch As the munltlon spins about its:.axis,,
mercury in the nght compartment penetrates the
porous ‘barrier to open the-circuit. The 'switch
has an inheren! arming-delay that depends on:
the poros1ty of the barrier. Mercury-type switches
should not :be used at temperatures below:
—40°F,

Heat. generated in ‘thermal batteries may be

‘used to activate simple, reliable ﬁimg -delay

mechanisms that permanently close an ¢lectrical
circuit at some specified temperature. Perform-
ance of these devices as'delay elements depends
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Figure 7-2. Switch for Rolated Fuzes

upon: close control of the rate-of‘heat- transfer
from the battery to the thermal switch. Thexr
application is generally hmlted to- relatwely ;short
time: delays-(p to-a- few seconds) in applxcatlons
where- high accuracy- is not requu'ed Two
switches of - this type are. shown in Figs: 7-3-and:
7-4!, These fuziblelink thermal switches are
used to provide the électrical arming delay and
the self- destruction delay in the M217 Hand
Grenade Fuze. Both switches operate over an
ambient temperature range- of —40° to. 125°F.
The arming delay switch, Fig. 7:3, closes

-within 1.0 to 2:4 sec after initiation of the ther-

mal battery. The switch contains .a. cadmiuni-
lead:zinc alloy disk having a meltmg point of
about 280°F. This metal- dlsk is \adjacent to a
larger- Fiberglas -disk, whlch is perforated with
a-number of small holes Vvhen the metallic disk

‘melts, the molten>metal flows through the holes.

in sthe Fiberglas, bridging the-gap betweéen. the

‘contacts, and closing, the switch. Ceating the
'F:berglas insulator with a wetting agéent fo im-

prove flow of the molten metal gives-more uni-
form switch closure.

HEAT SOURCE
AND CONTACT

EUTECTIC

?
’
/
/

(4”" 'III”I///’ ) i

HOLES .
INSULATOR
(B} -Closed. Position

(A) Open Fosition

Figure 7-3. Thermal Delay Arming Switch
‘7-2

EEC - S T IS R s

The self-destruction switch.shown-in Fig. 7-4 :

has an' avérage functioning -time of 4 fo.6 sec.
Closure times range :from.3.5 sec at +125 Fto
7:05ec at —40°F. its-thermally-activated element
1sma‘presced pellet of mercuric-iodide, which has

msulz ting charactenstu.s -at pormal- temperatures:

but bccomea a good electrica). conductor at.its
melting point, 500°F. More upiform- svvxtch clo-
sures are obtained-hy. spring:loading-ohe: of the
switch contacts.. This ‘brings the contactmﬁ sur-
faces. together shaiply when the 1od1de pellet

melts and reduces contact resistance in the. closed.

switch to-a-few hundredths of an.ohm:

/—--céma\cr

. . ) ~—  TEWPERATUKE <ENSITIVE

N . / ELEMENT: (5g1,)
o CONTACT

HEAT SOURCE =~ INSULATION

| A, comcr v

B T
} al 'Eé.
i)

o r
¥
(B) Closed Position

>

. gpg'ggo% X+,
.
:?&g_ DoooU
N

4)Open Position
Figure 7-4. Thermal.Delay Self-destruction Switch.

Although other thermal-sensitive devices, such
as bimetals, may be feasible for.thermal switch
apphcatlons, the fusible link appears to possess
the advantages of simplicity, safety,. gnd reli-

ability. Its compactness:and.rugged design-make.

it resistant to damage or'malfunction caused by
rough handling, shock, or vibration. There is also

‘little variation in the temperature-at which.the

switch ‘loses because this is determined by the
melting point of the fusible link. Bimetallic- ther-
mal switches must often be individually calibra-
ted and-adjusted, and thereafter may be subject
to deformation or premature closure. Cost and
size also favor(the fusible-link desigii.

Amblent temperature variation can. greatly
affect the function: time of a thermal switch.
Ca.re should be taken .to install the switches so
that their ambient temperature is kept as nearly
constant as possible, The following-precautions
will: aid:in reducing the adverse effects of varia-
tions in-ambient temperature:

(1) Place the thermal switch as close to the |

heat source as practicable.
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(2) Minimize the mass of -thermal switch 0.292 DIAM. ey OiMPLE - 7
cemponents and.of any- components interposed WIRE~ _.‘ AFTER:FIRING i
between: the heat:source-and.the thermal switch. LEADS é ARE—=E L —)/
(3) Use materials with. low specmc ‘heat tE_—=,::zc:= '3:_“ ‘ % 1
wherever possible, - e S
It i§ also important to closely control the T L .
following. other factora that influerice perform- 2 - i ‘
ance: - (A) Dimplé Mator, M4: R :
(1) _The q’uanhtyr and-calorific value cf the . - 3
*hedt producing material. 16 CONVOLUTIONS —. -2 .DIAM; §
«(2) Thetmalinsulation of the assembly. ’ ooe ;
- {8) Manufacturing tolerance of.components. PSS con e AR AS(IA !
{4) Uniformity of assembly;mclgdmg assem- = — — q1H I i ;
bly, pressure on comf>onents, intimacy .of contact ’ . TEUD Y A !
‘between mating surfaces, etc: WIRE ‘LEADS — h s B! ‘
. ’ 16 g !
7-2.2 "EXPLOSIVE MOTORS (B) Bellows Motor, M6 i
$
Aa explosxve :motor, also called an éxplosive- NOTE:-ALL DIMENSION” \IN: INCHES .
actuator,. uses an electric mmator to provide a . :
small:controlled. motion. It is.a one-shot device. Figure:7.5. Explosive Motors ;
It-is unique among. the exploswe compo'aents In  this type are affected by high-ambient tempera- ’
that its output isnot-explosive. Just as in.a con- ‘tures, but circuits canbe adjusted to correct for
ventional electric initiator; the electric input  these variations. ’ '
~ stimulus mltlates release of explosive ‘energy: ) .
which is converted bv the motox to mechamcal’ 7-2:4 ELECTRICAL GENERATORS ¢ ,
force.. Thé charge must produce suffment gas- .
eous products to -deform the -case -as: desired. Small wind-vane-driven -or air turbine-driven '
Two types of explosive :motors are called gefierators have beén used in-some bomb; rocket,
dimple and béllows mictors, as shownin Fig. .and mortar. fuzes to prévide-delay and electrical’
71-5. The motor is initiated, ‘the explosive com-  power for arming!. Generators .éliminate the :
ponents burn to-evolve gases; and. thé. case de temperature and-shelf life problems- associated
forrhs. Dlmple motors have a travel -of abont with batteries. ‘For .additional’ details, see par. '
0.1 in.. and deform fastér than the bellows mc- 343 ’ ' ‘
‘tors that expand about-1 in. Each is- capable of ) , . t
" producing forces up to @bout.ten pounds. 7-25 RESERVE BATTERIES i
Explosive ‘niotors may be used to move, lock; i
or .unlock an-arming devic:, .or-they may‘be uséd ‘Resetve batteries are those that have an in- ‘
to. operate a switch. Dimple. motors are often. herent activation delay because -the electrolyte . '
used to close ar lectrical contact. An explosive  is riot in chemical or physical contact with«the 3 3
switch is a packaged: unit containing an explosive plates. Usually, an additional- interval of. txme is ;
motor and a.switch, requxred after the battery is formed before ityat« 'y .
tains its rated output. See par. 3-4.3.3 for more o
7-2.3 ELECTRONIC TUBES -details about these batteries. o >
The time-lag from the. time power is @pplied: 7-3 RC CIRCUITS i
to the heater of a diode.until-electrical’ conduc- 1
tion through the tube takes place has been con- RC circuits provxde arming delays- in many ;

.sidered to delay arming.-Delays of 4 to 60.sec are  .fuze apphcatxons »*, The circuits are simple, rea-
possible with commercial tubes of the heater- sonably accurate,.and economical. The desired
-cathode type?. Delays of from 0.1 to 1secccan delay interval may be easily set by varying’the
be obtained with fxlament type tubes. Delays of value. of ‘the resistor, capacitor; or .charging
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potential.

In simple delay systems, a battery is switched-
-on at- the start of the delay period to charge a ca-
pacxtor through a resistor: ln other systems, such‘
as-the Bomb Fuz&Systém, MQ90 a tank capacx»
tor-is- charged from-the aucraft power supply
“The tank capacxtor then chazges a second capaci-
‘tor through a resistor to obtain the desnred delay.

Six types of RC delay. cm.ult are’ discussed in
this. paragraph: the basic RC delay circuit, .the
tank. capacitor RC delay circuit, ‘the-triode RC
delay circuit, the three-wire: RC delay*»cn'cult
the cascadé RC’ delay circuit, and. the Ruehl-
mann RC" delay circuit. The equations for these
circuits -are-based: on the assumption that the.ca-

‘pacitors have negligible internal leakage currents.

Fer-circuits used over wide temperature ranges,
temperature variations of-the leakage resistances,
along.with temperature variations of other circuit
elements limit the lengths of delays realizable i in
practxce

The simpler ‘types of RC circuits have ‘been
used successfully for delays up tv a minute un-
der severe conditions. Cascade and three-mre dif-

ferential circuits extend .the delay range several,
fold. Under restricted condltxons, RC delays of a.
-few hours car: be obtained.

7-3.1 BASIC-RC'DELAY CIRCUITS

Fig. '7-6 shows a simple RC delay circuit with
its power supply.. At the beginning.of the opera-

‘tion, capacitor ¢ is assumed- uncha*ged Swrtch S

is closed.to:initiate chargmg and is kept closed
during-the-tifhing operation.-When: potential. E

of capacitor C is lowér than striking potentral
E, of the dgiode 9, current through the diode-is
about 10,1 3 ampere. This current’is too low. to

fire a detonator in load; L. When g, equals strik-

ing -potential £, , the diode fires. and, pérmits a
current through thecload.
Ih térms of time ¢, measured from swntch clo-

sure,potential £ of cajpacltor C.is given by

=, (= e=t/RG). (7-1)
and:
RC 1 £y
= n =, Sec
T -k ° (1-2)

where £ is in ohm, £"is in volt, and ¢ in farad.
Eq 1-% gives the time ¢ requn'ed for potent1a1

74
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E, torise.to-diode:striking potential : ﬁ By use |

of Eqs 7-Y.and - 2, any one of-the: five. -param:
eters .can. be determined when the: othérs are
known.

732 TANK c‘APAcnroa RC DELAY CIRCUIT

In Fig. 7- ’I tank capacitor-(| is charged t2.po-

‘tentlal -E, during the'brief mterval that switch. §,

is closed. In: the Bomb Fuze, M990, this mterval

is about 10- msec‘ If'sthch S, is _permanently-

closed -delay; begms ‘when capacrtor C, s
charged If switch 'S, is open at. chargmg, delay
begins when.it is closed. Since charge flows from
capacitor.-C; through resistor-f2 to capacitor- (J2 n
potential E, decreases “while potential £, in-
creases. The ratxo 6’,/6'2 must be considered.in
determining the(i:drging potential £, because,
at the end-of the desired delay; potential £,

must reach’ the value E, at which.diode stnkes'

to mltlate opératinn. of load-L:
In terms of time ¢, measured. from ‘the initia-
tion of the delay, potential E, is given by

Eo = G Ey (1=e

) (12)
Cl «{‘*Cz
and
’C,C,
T === 7-4
C, +¢C, (7-4)

T'is the time constant of the tank circuit, in this.

case the time al which £, equals approximately
0.42 E. Eq. 7-3 can be solved to give the time ¢

-requlred ‘for- ;.apacrtor Cs; -to reach-some- prede-

termiried value £, = E, .

. [RC\C; of:
= | — In{.
Cl +C, -

>

E ~ (7-5)

POWER
SUPPLY .

H

Figure 7-6. Basic-RC.Delay Circuit
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Figure 7-8. Triode RC.Delay Circuit

'7-3.4 THREE-WIRE RC DELAY.CIRCUIT

In Fig. 7-9, capacitors ¢, and (, are charged
to different potentials £,, and E, by a‘brief

This circuit ‘has less variation. in delay with
variation in temperature than the circuits men-
tloned previously, particularly-if E,, is hxgher
than &, . ‘Both capacitors.leak more at higher
temperatures, but the potential drops of the two
capacitors.caused by- this leakage tend-to com-
pensate each other. Wher the diode finally fires,

the difference in potentlal between the two ca-

pacitors is caused‘mainly by the decrease in po-
teniial £, .of capacitor G from discharge
through resistance R.

82 is 2 safety switch that is open at.the be-
ginning of arming--to prevent prefiring in case

7-5

T

ar A' M%MJ . - - “ - . A ey e PRI - -z . R - T LA PR RS S e e A ’
{ - g e
S AMb?’io‘t;'zid Bt
% jﬁ closure of sthchs Eotentml E,,Z .nay be elther .
= hxgher or-lower:- than ‘potential Fe) ,.but the dif- -
ference between Fj, and. £, ‘must be less:than e
< stnkmg potentnalf E, of diede D). Also, Fu must . i
i J be higher than E, . S
54 Potentlal E, " of-capacitor- C remains at the é , :
s constant: value E,; . When switch S, closes,ca~ A
2 T L . T ;facxtor -discharges through resxstor[i' At the A
}fa;c . Flguu 7<7. Tank Capacitor RC Delay Circuit end of.a delayt potential E,, ﬁnally drops to g
) 7-3.3 TRIODE RC DELAY CIRCUIT such a value that the potential ( £, <K, ) % y
s T : ACross dxode -D feaches its stnkmg potentw.l E,. I o
;W, ! In. Fig: 7-8, capacitor. € is charged’ throughre-  The. diode then firesrand initiates the desired op- % ’ i _'T
2 sistor /R Poténtial E, of capacitor-G at timet, eration of the load. , &
I measured- from- closure of switch. S, , is givén by ‘Potential. Ebg of capacitor {; is given by ¥ ,
e Eq. 7-1, and- the time requu'ed for capacxtor(' E. = E. e=t/hCy - F
i to attain -any potential-£ is.given by Eq. 7-2 c2 ~ "b2 (1-6)
{;‘5 When potentga] V reaches: {he fequu'ed p]abe onde D striking potential E at the end Of delay‘
potential of the tricde and switch-§, is closed, ¢ i given by o
A application.of:a suxtable s1gnal to the grid: of«the' , ) A _ : H
i triode causes it to conduct. .Capacitor ¢ dis- E, =Ey ~Ey =Ey =Ey (671/F2) (7 7 { .
% charges through load L to initiate the des,red 3
< operation. When this equation is solved for delay ¢
& This circuit is used:in the arming systeri of E 2 ?
X some proxmnty fuzes. watch S, may be omitted t = RC. In — b2 (1-8) "
s . if a resefve battery ic actwated at’bomb release; 2 p L E \ i
iz 0 Switch S, -may ‘be omitted of it may be-ciosed s 8 ’ ‘
" <.’ by an auxiliary-arming syst,em*at:the» end of-its i
N delay. When delays of-both -arming systems are S - f QJ: - ; ,
, completéd, a signal to the-tricde grid fires the | Fower |. | &y ! S *
\ triode. ’ R e 4 !
;‘ This circuit may. be used as.a two-event arm- i %
. ing -system, ‘The first-évent closes swiich S, or e 3
activates-the battery .source. When capacitor ¢ ' i ’ 3
¥ is.charged %o the réquired plate potential of the .Figure 7-9. Three-wire RC'Delay Circuit i
30 -tnode -the second:event: tnggers :the triode: Load- ¥ ;
¥ L is an éxplosive switch orexplosive motor that Figs. 7-10 and 711 show the- discharge. be- i ;
& aligns the. explosive- train, closes functioningcir-  havio:. of this circuit, In Fig. 7-10,’E,, ishigher 1
i . cuits, or,erperforms .other operations to complete  than &, ; in Fig. 7- 11, &, is lower than.E,, . ! :
L the arming: In -either case, diode. D strikes when Yotential s }
] E, falls to the value -of £~ E, :
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switch. §, does -not- close 'both circuits-at' the
same instant or if there .is-a:break in the cir-
cuit which would -prevent one capacitor froin

charging.

7-3.5: CASCADE RC DELAY CIRCUIT

Fig: 7-12:shows=aii-extension: of the basic.RC

delay circuit. (par. 7-3. 1) to lengthen delays sev-
eral .fold, while using components-of compmable'

values. Delay. "begins when switch S, is closed.
The. switch. is kept closed" throughout the opera-
tion of the system.

The solution is snnphfxed if

R:"—Rl=32 andCﬁCl=C2

Figure 7-12. Cascaile.RC Delcy Circuit
7-6

switch-closure is given-by

2k, .
Ec2 — \:" [e—-af (eb! - e"bt)]('].g)
1.3C ‘
w3 -)
Mxé;ei
L8 . L fac 1%
2RC Fioan PV

In. Fig. 7-13, tank capacitor C, is added: to.
provide instantaneous charging. Switch S; .is
closed for a penod of‘less than 1 :sec.to charge
capacitor C, to potential- F ; Delay:starts when
switch S, 1s closed. The«smtch remains closed:
for the- duration of the delay operatlon Since

‘the potential of tank capacntor Cr fallsag charge
leaks to capacitors ¢, and C,, the delays are:

longer-than those using 1 the cm.ult of Fig. 7-12

4¢ SOURCE. |-

Flgure 7-13 Cascade-RC Delay Circuit:With

lastantaheous Charging.
7-3.6 ‘'RUEHLMANN.RC DELAY CIRCUIT

Three tank capacitors give the Ruehlmann.
circuit advantages over simpler RC circits.
The diode striking potential,.on which RC delay
accuracy depends, is-stabilized’immediately be-
fore delay begins. Therefore, wide powei supply
variatiotis.can be tolérated. )

7-3.7 TWO-DIODE RUEHLMANN CIRCUIT

Fig. 7:14 shows a.circuit that gives accurate
delays from 10 .to 20 sec. This wide range is ob-
tained by ‘varying charging potential*£, . Varia-
tion of &, in this circuit is permitted .by the

‘charging. diode 7, -

Resistances #, and R are set for the desired

.delay. The ratio of E, to & 1» onewhich delay de-
pends, then remains congtant even though, sup- ;

ply potential £, may vary.

_ ‘The value.of potential £, reached at time. 6aftex ) &

o
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‘tial £, -at-timetis £, = Eje

R S

-AMCP 705:210
or, on substitution of valires
. ;“"""lc‘-l . . P . P =
yhbE - ”%sl = AE) - fkbl + Esl = 0(7-11)
Then
AT Y (712)
from which-
R . ]," . ) —t if c d
-Figure 7-‘14 Two-diode Ruehimann Circuit. e 7 ' < --?—b-) (7-13)
\ TE,

Capacxtors Cy» (,'2 ,»and C, are charged during
a brief' closuré of switch §, ..Capacitor ¢, -is
charged - through- mode D to a potential (£, —
¢2), where £, is the e‘ctmctlon potentlal of
diode D,. Capacltor C, then discharges through

.diode ,[) ‘resistor iZ, and capacitor C untﬂ po-

tentxal E 2 equals ( 1 —AF ), where F,I iz

diode 2, stnkmg potential. If- C, <<€, AE

may be- of the order of 10- mxlhvolts The param—
eters of: the diodes, and potentlals E’, and E,
must ‘bé- choserr so that the potential .across

. \dzode D, does not-again reach-the striking po-

tential. The -resistance of diode’ D, can be con-

mdered infinite . after extinction. The relaxation

operation-is completgd in-about 0. 25 sec.
Delay begins when the gang switch §, closes

-the' series cu-cult shown in Fig. 7-14 giving the

¢gircuit shown in Flg 7-15. The initially hlgher
potenhgj Vy ~ &, opposes ‘the-sum of poten-
tials 72 and V,.Potential V, = E, = kE,, where
k.is-a-function.of-resistances.R_ and-Rj . Poten-
“/MG | As stated

previously, £, = ( Es, — AE) . During the period

‘that potentlal V, is high enough to dominate the

senes icircuit*but not highenough to cause diode
D, to strike, terminal m -of the diode'is at a
hlghér Jpo’ential than terminal n, and-theé sum of
potenfials in the circuit is

E:'l - EC\Z\- Ec-L

Finally, potentlal £, drops to the point at
which £, equals zevo, -and- with ‘further de-
creasés of £, terminal m of diode D, bécomes
more 2nd more negative, At the potentxal E. =
£, + the tube fires, and

-E; =0 (curfentassumed-
zero)

Ecl —'ECZ "‘Ec4~ + Esl =0 ((7'10)

and:
! AR
t = :Itlai‘ An- ( - -E——) (7'14)
. =1 7

When AE is neghglbu, with respect. to £, Eq.
7-14 very neaily equals
£

k

Sio -l
T > 1+ i ) ) N +
:' Eczlcz\, ET. ap— T T -mc.
s 0. . .
— - S?j
- . '——oq*’f—-—
T 5 S

-Figure. 7:\7‘& Circuit-AfterClosure of Switch SZ

— L
ey

7-38 SINGLEibiODE'RUEHLMANN@iRCUIT

The single- -diode circuit shown. in ‘Fig.. 7-16
compares in-performance with the two-diode cir-

cuit of Fig. 7-14 except that a smaller variation:

range of chargmg potentlals can be tolerated.
This circuit is particularly suited to applications
in whxph the leakage resistance Rl can be ad-

Justéd:to vary the delay.

o

N rcas PR ',,,‘ _ o
5 : , ] A +
Epls SRe- E 1 -
© 2 LoAD cz[f:
= 0 p o faed
E v o
~ $R
» E|k3‘| + t R
L e b s o
0 - ;R| |~z +
1
L . Yo Ee3Cy oLt
Péwm.' { -
SUPPLY 'j

Figure 7-16. Single-diode ’Ruehlmann Circuit
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Capacxt;ors C'l, 0.,. and .C, are.charged during
closure. of switch 'S, . After discharge of capacitor
Cy. througn Dy, By, and 63 . sthch §, is thrown
to initiate the delay by estabhshmg -a.series.cir-
cuxt sxmllar to that shown in-Fig. 7- 15. Equa-
tions developed for the two-diode circuit apply
to ‘thé: single-diode ‘tircuit _also. When other
perameters of the circuit cre fixéd, R, .can be
found-from. Eq 7-14 to-give the desired delay

139 ACCURACY OF RC GELAYS

Delay' errors are -due primarily to errors in-
measured value of°compone‘1ts and variation of
dlode stnkmg potentxal The delay ervor is ex-
pressed as-a; fraction of the desireéd delay time,
At/t. By. summmg»all the-errors due ' to compo-
.nent ‘tolerances, there results a-maximum possi-
_ble .errot. ‘The probable- fractional error would
ibe thg square root of the-suri of the -§quares-

At AR AC
TLRLT (7-16)

At /AA)(_[E—)j . (117),

probablz \ aax

The. methods of calculating errors are now
illustrated with the Ruehlmann circuits.. The

fractional error is computed by dlfferentlatmg
Eq. 7-14 with respect to each. parameter. In
éach case; an equation. is obtamed of the form
Al - M S AFThe termy F represents-any one of

tbe parameters, Table 7-1 contains formulas for
determmmg delay .errors of. Ruehlmann circuits

-due to-errors in component values.

Table 7-1 also contains the formula‘to deter-
niine the delay error: due;:to variation in stnkmg
potentlal Thé formula is. denved from Eq. 7-11
by substituting E,, + AE ‘(the actual- potential at
the time-of ﬁrmg) and ¢ & At (tne actual timeé of
firing) for £ .- and t, respectwely, and solvmg for
At/t.

For a. circuit .using. a-diode of fixed striking,

potential, the delay may be adjusted by varying'
-either chargmg po tantial. £ or one or more of the

capaditors -or. resistors: An. analysns of the équa-
tions governing delay-érror theory points. out
that a much greater deldy range can be.obtained
by varying the charging potential.

The. charging;potential can.be varied by suit-
dble charging gear. Capacltance and resistance

values can be changed dn'ectly, or controlled

remotely by applymg radlo-frequency pulses

from. control equipment to exploswe transfer
switches in the fuze. ‘Resistors reqmred for

such 4 switching system. are ifiexpensive and take-

little space. ) :

TABLE.7-1. FRACTIONAL ERROR RELATIONS FOR THE RUEHLMANN' CIRCUIT
" Type of Paramete?, “Multiplying Factor, " Error’
) Error _ . F M ; Equation
: At AR,
Component Errors 0 1 raln l—R_
1
At AC
c —= 1 ]
L 1 A
1 M1 Ak
R Ink t Ink k
" Variation cof -1 At -1 AV
Striking ‘Potential Ey &t kink E|
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- CHAPTER 8
UTHER ‘ARMING DEVICES

'

8-1 GENERAL

While mechanical arid electrical approaches are
the amost used arming techniques at.the present
time, there-are other devices that can:be used'in
arming syste'ns These includé fluid, chemlcal
afid motion-induced arming devices. These addr—
ficnal- devrces are useful pnmanly in provxdmg
the arming’ delay that is necessary .to permit safe
mechanical separation.

82 FLUID DEVICES
8-2.1 -FLUID FLOW:

Matter is fluid’if-the force necessary to deform
it approaches zero as the.velocity. of deformatlon
appfoaches zero, Both liquids. and gases are
classed-as fluids. Their. distinguishing character-
istic concerns the.differencesin. cohesive forces:
gases expand to fill any.volume; lxqu1ds coalesce
into the-lower regions of'the volime with a free
surface as their upper:boundary. In-addition to
true fluids, there -are certain materials:such as
tiny glass ‘beads or greases:and, - ‘pastes which,
while technically* not -fluids,. behave- very much
Tike flui*'s. These pseudofluids are frequently, use-
ful under particular-circumstances.

In general Sluid- operated devices ¢za-be-used
to- transfer motion with an amplifieq force or
dlsplacementﬂprovxde arming or functioning de-
lays, and:‘program events for complex -devices.
The field of fluid mechamcs is large and complex
But well covered in standard texts!»2.

8-2.2 FLUERICS
8-2.2.1 Fluidic and Flueric Systeris

While the use of fluid devices with few or even
no moving parts can-'be traced back to-ancient
history, it is only in recent years that a spe-
cialized-technology-has grown makmg extensive
use of such devices. This technology. isnow desig-
nated: by two names: (1) Fluidics- the general

fleld of fluid devices and systems. with -their:

associated peripheral equlpment used to perform
‘sensing, logic,, amplification, and control func-

tions; and (2)-Fluérics - the area within the:field

-of - fluldlcs, in-which fluid components.and sys-

tems perform sensing, loglc amplification, or con-
trol functions without the use of any moving'
patis. The terminology, symbols,: -and'schematics
used-with flueric systems are contamed in a pro-
posed MIL-STD?.

The application of flueric techniques to fuze
arming systems is.in its infancy. However, a stazt

‘has-been made: to apply these devices to fuze de:
sign®~®. Much of the original research and devel-
-opment was concerned with the -invention and

improvement of flueric.comporients. Present pro-
grams‘are more and more concerned’ with the de-
velopment of. complete ﬂuenc systems with: in-
creasing numbers of the. mdlvrdual components
being: available off-the-shelf However, ‘the: ‘fuze
designer will st111>fmd it necessary to have some
of. his components specially developed Present
technology predicts that many of the control and’
sensing ‘functions, now.primarily in the domain
of electronigs, or .other nonﬂmd power tech-
niquess can be- accomphshed by flueric systems..
In fact, flueric .analogues exist for most elec-
‘tronic devices,

’8-2,2.2 Flueric Components Used for Arming

In a typical electronic fuze timer, the .funda-
mental components are an oscillator anda bmary
counter. A flueric timing-system can'be built ip
in the same nianner. In a present flieric timer,
the oscillator consists of a proportional- fluid
amplifier- with modified sonic feedback loops
coupled toa digital fluid amphfxer F1g 8-1%isa
diagram of the amplifiers. The.digital amplifier,
as -do many. flueric dévices, depends upon en-
trainmernit in which a stream .of -iluid flowing
close to a surface tends to deflect towards that
surface and, under proper conditions, touches
and attaches. to the surface. The attachment of
‘the stream to the surface is kiiown as the Coanda
effect. The proportlonal amplifier uses the prin-
ciple of jet moméntum interaction where one
strearii-is deflected by another. ,

The digital amplifier (Fig. 8-1.(A)) consists of
a fluid power supply S, two control ports C, and
Cp, two attachment walls. ¥, and Wy and two
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output ports 0, ;and- 0y, . The output ports serve
as conduits for du'ectu‘r!r fluid. pulses-to. the'suc-
ceeding: -element -in the fluid circuit. In this de-
vice, a-gas supply Sof constant pressure is pro-
vided to form a jet s stream through nozzle.N. The
jet stream will entrain fluid from the space be-
tween the stream and the wall, lowering the pres-

sure. The bxgher z\tmosphenc pressure will force-

the stream against the wall. The geometric con-
ﬁguratlon of the fluid amplzfler cdan ‘be con-
structed in such a manner that the jet stream- will

always attach 1tself to one preferred wall, Thxs is.

accomplxshed by placing the preferred wall at-a.
smaller angle with the.centerline:of the flow of
the jet-stream. than the nonpreferred wall

The figure. shows a jet stream attached to.wall
e and..n output jet stream from output con-
durt 0p Litis desr.redcto provxde an output Jet
stream from condult 0, 08 control jet.stream' to

control conduxt Gy -will Causé the main-jet stream:

to become: detached from wall ¥,. Entfainment
on. the opposite side will cause the jet to switch
over to become attached to wall W, The physi-
cal relatronshlp which occursin accomphshmg the
switching functions is that of momentum intex-
-action between the control jet stream-at 'C; and
the main Jet/stream at nght -angles toeach other s
dn'ectlon offlow. The fluid amplifiér is properly
.called an amplifier because the switching of the
main jet-stréam whith has mgh momentum can
‘be -accomplished "by a control jet stream with
relatively low.momentum. The ratio of momenta
or gain of an amplifier can-be ag;high.as 20 or
above, depending.on. design requirements. The
higher the-gain, the less stable- the attachment
of the Jet stream-to the attachiient wall.

The proportional fluid amplifier (Fig. 8-1(B))
has no attachment walls The main jet stréam
flows in a symmetncal pattern through the noz-
zle to the vent so that no output is provided-at
either condiit O, or 0, when there is'no con-
trol jet-siredmn in either conduit C, or«C,.When
a control Jet streaxr is apphed at C the main jet
stream will be’ deflected toward output conduit
0, in proportion to.the momentum of the con-
+trol jét stream. Correspondingly, the output jet
stream through-conduit 0, will be proportional’
to the deflection of the main jet stream. Ina sim-
ilar manner, an output jet.stream in conduit O,
will be caused-by a control jet stream in conduit
C,.

AA fluid oscillator can now be made up-of-a
fluid circuit using these two. components as

8-2

{A).DIGITAL

(B) PROPORTIONAL
Figure 8-1. Schematic of Flueric Amplifiers

shown in Fig. 8-2%. The lower portion, of the
circuit consists of & proportxonal amphfle;t having
sonic feedback paths P, and P connected from
the proportional amplifier’s om.pl,.cs 0, and 0,

to its control ports: C, and C s+ The purpose of
the sonic feedback paths is'to make the main jet
strearn oscillate from -gne output port to the
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other. The rate of oscillation depends on-the
speed (somc velocity) at which- the portion of
the- output jet strear travels through the feed-
back. path: back to interact with ;the main jet
stream, -causing it to deflevt «¢ the-opposite out-
put port. For example, when the jet stream 1s,

-deflected to 0, of this proportional amphfxer,

the portion of the Jet stream in the feedback

.path Py, which-is causing the deflection then.be-

comes zero <However, the-main jet'stream being
deflected over to 0, now provides an output to
path 0, end feedback>path P, ."Part of this out-
put is now diverted .back along p 4 to interact
with the main Jet stream, .causing the main jet
stream to oscillate to the opposite side. The fre-
quency of the oscillation is‘directly. proportional
to the velocxty (speed of sound).of the outputs
in the. feedback paths.

The outputs-of -the -proportional-amplifier in
Fig. 8-2 drive a.digital amplifier so that the out-
puts from the proportional amplifier are con-
nected directly to the coﬁtrol@ports of the-digi-
tal amplifier. In'this manner, the:main jet stream
of the digital amplifier is switchedto follow-the
oscillations of the proportlonal amplifier. The

purpose of connecting the two types of amplifier

in tandem is to provide an cscillator (the com-
bination) which has an oscillating frequency that
is relatively insensitive to variations in the com-
mon supply pressure (S, - S,) The proportional
amplifier will mherently increase its oscillating,
frequency with increasing pressure, and the digi-

% _oureurs ©

DIGITAL AMPLIFIER
ATTACHMENT WALL'(Wg)
GAS SUPPLY (Sp)

VENTS-

PROPORTIONAL
AMPLIFIER

"~ VENT

GAS SUIPLY (S,)
-~SONIC FEEDBACK PATH (P, )

Figure 8-2. Schematic of Flueric Pressure-
compensated Oscillator

tal amplifier will decrease-its switching frequency
with- increasing pressure. In-addition;.a small de-

gree -of. compensation for tcmperature vanatxonx

is- obtained' with the combinations, As a result,
variations in the-frequency. of. osclllatxon are +10
percent for-variations in ptessure from 6 to 18
psig ‘and temperature variations .from: —65° to
165°F. )
Although the accuracy: of this oscillator is suf-
ficient for some safing and afmj\ng applications,
other applications often-require a gréate'r degree
of acct.racy,,partlcularly over the above military.

température range..An oscillator,-which:is insen-

sitive to both pressure and temperature varia-
‘ticns. is descnbed\m par. 8-2.2,3..This oscxllator,
which utilizes an R-C-R (res1stance-capacxtance-
resnstan(,e) feedback network, exhibits frequency
variations of less than +1% over the above pres-
svre and temperature ranges. -Even-greater accu-
racies may be achievable with simple moving part
types of oscillators. i

The -binary counter or frequency -divider for.

+he timér can’be-built up from a number of flip-
flop- stages A completv counter. stage is:shown

in Fig. 8- -8%. The ports Bj () and Pgy, .are used’

to preset the'counter. If this'were the flrst stage

after the -oscillator,, then the’ outputs- from- ‘the

oscillator would be- connected to the two control
ports.I, p) :and' Iy (p) of the buffer amplifier.
This. would ‘¢ause the main jet stream' of the
‘buffer amplifier to switch back and forth be-
tween its two attachment-walls at'the same fre-
quency as the oscillator. One output of the
buffer, amplitiér is vented so that pulses are sup-
plied to input I, of the Warren loop:at half the
frequency of the oscillator. The outputs O, )
and:Qpy) of the jet stredm of the counter are
connected to the two control ports of the buffer
amplifier of the second stage in the same manner
as the outputs of the oscillator are connected to
the first 'stage. Similarly, the second stage is con-
nected to the third stage, and.so on until the
last stage.
The operation ‘of the counter-is as follows;
A jet stream of gas, supplied by pressurized gas
ifrom power supply S, , is caused to flow through
the orifice and will attach itself to one of the
walls, Fig. 8-3 shows the stream attached to wall
Wacw) after being switched by the buffei ampli-
fier-signal applied at input I, . When the buifer
amplifier signal is removed from input I, a par-
tial vacuum will now be formed at the attach-
ment wall Wicw) (Bernoulli’s principle), causing

8.3
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an entramment flow of .gas from- the control

pokt of the wall Wy, around the Warren
loop in a clockwise direction. When a signal:from
the -buffer: amp‘mer is’ reapphed at I, it follows

the preferred direction setup-in the Warren loop
[clockwise)and causes the mam streamsto switch
to Opewy - When the buffer amphfler -gignal is

reinoved, the entramment flow in :the Warren
loop: will reverse ‘to ‘a couinterclockwise direc-

-tion. The.buffer amplifier sigiial, when reapplled

will be directed around the "Warren. loop ‘in a
counterclockwisée dlrectlon and. sthch the main

stream back: to 0, () » a8 shown in *Flg 8-3.

Oxiw)

ol

Each counter stage receives pulses at. a specific
frequency,, divides that frequency by two, and

-provides pulses at this reduced frequency 1o- the

next counter stage which, in-turn, repeats the op-
eration. For-example,.the first counter stage-re-

ceives.an' input of 640 pulses per second from-

the oscillator.. 1t divides-this frequency by-two,
pfoducing.an output of 320 pulses pér second

which are provided-as input to the second stage

of the counter. The second:stage:similariy pro-

-vides pulses.to the third. stage-at a frequency of

160 pulses-per.second, and'so on.
While other devices are required-and:are heing

Og(w)

Paw)

DIGITAL AMPLIFIER

Paqw)

- WARREN LOOP

BUFFER ‘AMPLIFIER

VENT

VENTED
OUTPUT

VENT

Waiw) 5\

Late) ?g

/

Sp

& Wa (w)

INPUT
CONTROL Ipg

'Figure 8-3, Schematic of Flueric Counter Stage
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~ SETTING GAS: SUDPL‘I""‘*\

- SETTING. CARD:

POWER'GAS SUPPLY
OSCILLATOR

-Ournw poRT
GAS.

‘ BINARY COUNTER
(12 STAGES)

&= VENT ponTS
) ~AMPL. POWER JET
|~ AMPLIFIER. PORTS

- R

‘ aVOI.UME 5 CUBIC INCHES

FLIP FLOP “SETTING: 2 0200 SECONUS
 POWER JET |

\FREQUENCY DIVIDER (5 STAGES)

~ 0.1 SEL INCREMENTS

Figure 8-4; *Flueric Timer

developed for a complete arming system, those
discussed dbove are- the basic building blocks.

Fig. 8-4® shows a timer constructed from: units.

of this type while Fig: 8-5% shows sample ele-

ments used. The oscillator of this timer has a fre-
quency of 640 pulses per second. The oscillator:

is followed by 18-counter stages. However, the
first 5 stages-are not settable -and act as a’fre-
quency divider. The last stage is always.set one
way because, when it switches, it delivers its
output to whatever functxon the timer is to trig-
ger. In between these two end packages are 12
settable binary-counter stages. The counter can
be built up so that if n counters are connected in

series; the output frequency of the final stage-is-

reduced by a factor of 2" over the frequency
provided to the first stage by the oscillator.
Therefore, if the frequency of the pulses pro-
‘vided by the oscillator to the first stage is 640
pulses per second, .the .frequency of pulses. sup-
plied by the seventeenth stage .to .eighteenth
stage, causmg the eighteenth.stage to provide an

output, is 640 divided by 2! 7 ,or0, 0048828125

pulse per-second, or approximately 200.seconds

per ptlse. The 12 settable stages can be set by

means of a card which allows a preset signal to be
applied to the desired control ports and blocks

the preset signal-from the remaining ports, Any
time from 2 to 200 seconds can be preset, in this
manner, in '0.1-second increments.

Thevolume of the flueric systemeis 5 in.® of
which the timer (1/2 x'3/4 x 1-1/4 in.) accounts

‘). R

~Farnd - P

Ko
OSCH.lAIOR ouT PUT 10 OSCILLAIOR

OSCIL{LATOR
AMPLIFIER

PLATE DIGITAL

’ROPOR!IONAL

COUNTER PLATE

0 SEPAKATION
AMPLIFIER PLATE FEED MEMORY
& NPUY BACK LOOP ;
SEPARATION OSCILLATOR OSCILLATOR
PLATE SEFARATION FEED BACK LOOP
OSCILLATOR’ PLATE

Figure 8-5. Sample Flueric Timer Elements
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,for about.’1/2.in® ‘while aif supply system occu-
pies the restof the space.

82:2.3 Relaxation Osciilator

A relaxation oscillator'(Fig. -8:6)? is_besically
an. R-C-R feedback type; some of the fluid from'
the power jét is returned- to -the control port

through the- feedback networkzcausmg the unit.

toxoaclllate The amount of fluid entering the ca-
pacltance 18 -determinied. by. ;the xesistance R, ,

-placed in the upper portion.of. the capacitance;.

and the fluld leaving. it by the resxstance B,
located at the bottom of the' capacitance Hence,
R,, R,, and the capacitor volume determme the
filling time o ‘the cagacitance; whlch will i in: turn
determme the frequency -of che oscillator:

The oscillatory mode-is excited- only for pres-
sure ratios for whzch the jet spreads to occupy:

the full w1dth of the output channel. This, i is nec--

essary to achleve -a feedback process that wﬁl in-
duce: osclllatlon The spreadmg of the: ‘power jet

is a function of the- -Anput:pressure-and the pres--
-sure-of the field into which it is operating. If the

pressure at-the outpui: of the oscillator is atmos:

pheric, a high pressure at the mput isrequired to

achiéve the pressure ratios-necessary, for oscilla:
tion. Such behavmrsls normal and.is charactens-
tic of jet ﬂow

v o e

F:gwe 8-6. Fluenc Relaxation Oscillator

In this-particular case, the oscillator exhausts
into.a binary device, (Fig. 8-7)° which has a pres-

-sure below ambient in its interaction region: The
amplifier control srea sets a fixed load on the os--

R - Lo N . PR S

cillator cutput which causés a-back pressure: The

back: pressure-induces-the- oscﬂlator “power Jet to-
;spread and’forces a portion to feed back into the-

R-C R’network mntnatmg oscxl‘ahons

The bmary amplifier-and. the oscﬂlator have a
common»supply so that a. change of mput pres-
sure .in .one is- accompamed By a change:in the
other.. Thxs -action:is needed because some of the

:increase in flow thtough the oscxllator» nozzle-is
conveyed to the lower pressure ‘region in the-
‘binary amplmer controi ports.

In addition, theé "binary - amphﬁer .is.provided-

with a-set of bleeds, located.in the separation
reglon The function of the bleeds is'to exhaust
any increase in back pressure that arises, when the
amphfler is’ loaded “The.binary amphfner isused

as'a buffer. because «n appreciable gain'is needed’
to amphfy the oscxllator output.

The: compensatlon in-the network takes place

.as _follows:. As the temperature rises, the resist-
ancé of the - network increases,:causing- the bias
flow to diminish. ‘If this increase in resistance.

were the only- change in: the network, the fre-
quency ‘of osclllatxon would drop However,the
tank capacitance decreases with higher tempera-
ture with a consequent rise in frequency. Hence
by adjusting the size of the resistances and:vol-

-ume of.the. capacltance so that one compensates

the other, temperature insensitivity can be
achieved: Pressure independence is achieved.in-a
similar manner. With proper design, temperature
and pressure msensxtmty can be achieved simul-
taneously. As a result, variations.<in the fre«

‘quency of osclllatlon are +1 percent for varia-

tions “in the frequency of°30-psig-and-tempera-
ture variations from. —65° ‘to 200°F.

8224 Arming Considerations

Thie size limitations that fuze arrning devices

place upon the designer create a special problem
with ‘respect- to flueric systems, namely, the.

problem of the power source. To drive a flueric
system, one must have a reservoir of fluid-of suf-
ficient size to delivér the proper amount.of fluid
for the desired period of time. Most of the pres-
ent thinking has resulted in the use of self-
contained’ pressunzed gas bottles, If times are
short and space is not too critical, then gas bot-
tles are-a valid solution. If times are longer and

space problems are critical, small volumes must’

be used-with the fluid at high pressure. Since op-
erating pressures for typical miniature flueric
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‘RELAXATION - OSCILLATOR CM‘A;II’OR TANKS

“ASSEMBLY

BLEEDS

COMMON- INPUT
UD‘PLY

R=C-R OSCILLATOR

BINARY'-AMPLIFIER

‘Figure 8-7. Flueric Relaxation Oscillator-and Digital Amplifier

.devices are 1/2 to 20 psi, rather sophisticated:

pressure régulating equipment would. then be

,requ;ed

One of the more promising possibilities -for
military applications is to-make use of ram.air
after the projectile starts moving. This source of
enetgy will be widely uséd withixi the atmosphere
on,gprojeetile‘s with velocities in excess of 400 ft.
per sec.

Table 8-1'° compares ‘the fluidic .approach
with the other: logic .and control' techniques.
Problems still remain. in fluid systéms,. but the
promises - of -flueric -systems-appear-to- outweigh
their .problems and to offer an effective timing
and control mechanism for. fuze application.

82,3 PNEUMATIC DELAY

Arming delays can ke achieved using the prin-
cipleof a fluid dashpot. Industnal dashpots-often
.use oil in a plstonocyllnder anrangement where
the oil is bled through-a small orifice or through
a.porous member. Oil dashpot units-cannot be

,applied to fuzes because of leakage problems.

and variations in time with temperature. When
air is the fluid, leakage is eliminated, and vis-
-cosity changes can be mlmmxzed by various de-
sign features,

8-2:3.1 .External Bleed Dashpot

Fuze, XM717 is one of a family of single-
action, superquick mortar fuzes that has a siider

assembly: which provides for. an: armmg delay

-after firing. The delay, 1-1/2 to 6 sec, is achieved

by an external -bleed dashpot'®. The fuze is-
shown-in Fig. 8:8!2, After the setback pin (not
shown i in-this view) has moved rearward and the.
bore-ndmg pin (G)has been ejected, the slider (F).
is driven into the armed posmon by a musjc-wire
spring. However, shder motion is-retarded: by‘the
cap assembly.. This assembly consists. of alumi-
num cap (R), aluminum plug (S), and a-sintered
monel alloy restricter .(T). A rubber O-ring.(U)
is-fitted on the slider'to provide a seal so-that air

-can- pass -only--through-the-restricter. -A--plastic

disk covered with pressure-sensitive tape (V) pro-
tects the restricter during shlppmg

The present design was empirically developed
for interim-use due to the need of mortar fuzes-
with a delay function to provxde for-the safety of
mortar crews. Additional developmental work.is
required ‘to improve its storage-and temperature
characterlstxcs.

8-2;3.2 Annular Orifice Dashpot

An annular orifice dashpot is shown:in Fig,
8-9'3, The “orifice” is<the minute clearance be-
tween piston-and cylinder. By selecting materials
for piston and cylinder having different thermal
coefficients of expansion, the orifice will change
with.temperature, thus affording a means of ap-
proaching a ¢onstant flow in spite of air viscosity
changes with temperature' *, A glass cylinder can
be accurately producéd-and the piston can -be

8-7
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;ground from ceramig-or metallic materlals
‘The piston is pushed by .a.spring. The holder,
of srl'cone rubber or 3polyethylene, ‘holds and:

. seals the parts. Models. havé been made from-

1/8 in, -diameter and 1/3 in. long to 1- 1/2 in.
dlameter and 6 in. long: Timeé delay varies be-
»tween 011 second and one-hour, The -dashpot
has .been used in experimental. fuzes and is
planned for incorporation in Fuze, XM431 for
the 2.75-inch rocket! 5.

A - STRIKER

B - SPRING

€ - -FIRINGPIN

D .. HEAD

E-PIN .

¥. - SLIDER

G - SAFETYIPIN

H - GUIDE-PIN

J - DETONATOR

- - BOOSTER 'LEAD .
‘L - TFTRYL BOOSTER
-PELLET

RESTRICTER
- "0" RING
'L SEAL

......

v
~S
T

;/\M \ g

A DER /

o
PISTON

{A) Betore Delay (8}:4tter Deloy

Figure 8-9. -Pneumatic Dashpot for Arming Delay
Theory of operatlon is baséd on the com-

pressible flow of air through the orifice. The
annular orifice, in this casé, acts the same as a

rectangular -duct :of the same d'nensxons, ite.,

‘width -equal: to clearance and length equal to

cxrcumference The. clearance

C,’II r 121) 3.1/3
h = fe————ee |
t (P 2 - Pf 2) ]
where h is the.clearance from piston.to cylinder,

in.; g is the viscosityof the-air, slug/ft-sec; r is
<the radxus, in;; Lis the, ‘ength of air-travel, in.; P,

(8:1)

-s-the:pressure in thescylinder, psi;: P is the am-

bient pressure, psi; and ¢ is the desn'ed time de-
lay, sec.

'8-2.4 DELAY BY FLUIDS OF HIGH.VISCOSITY
8.2.4.1 Silicone Grease

_Thé}. viscosity. of silicone greases and .gums
offers resistance to motion. The -temperature
viscosity. curve of silicone grease-is flatter than
that of. other oils and gréases. In the past, use of
this .substance ‘has therefore been attempted to
provide time delay. However, the leakage prob-
lem was severe: the grease gummed up the arming.
mechanism so as:to render-it useless. This prob-
lem was overcome in Grenade Fuze, XM218 and
XM224 by sealmg a silicone gum-in a plastlc sac
made up- of heat' sealable'Mylar tape. This fuze
.provides safing, arming, :and functioning for.a
number. of grenade.,and bomblets. The fuze arms
when a specified spin rate is achieved.by the de-
scending grenade. At that -point, centrifugal'
forces disengage  from four lock welghts to per-
mit 3 detonator rotor to turm 90 to the armed
position. thus releasing the delay assembly

Fig. 8-10'¢ shows the sac and rotor delay
mechanism of Grenade Fuze, XM218. The sac

sembly, consists of a metal backing disk and a
plastic capsule, abput 3/4 in, in dlameter and’
1/8 in. thick, containing silicone grease. The
periphery and a segment of the plastic.disk are
‘heat sealed to the metal disk to form a pocket
for the-delay ﬂald The sac assembly is pluced
against the delay rotor assembly (the space be-

tween the two assemblies in-the illustration was-

introduced solely to show the -sac assembiy
clearly). In operation, the delay is obtained when
the four blades of the delay rotor, by virtue of a
torsion spring, slide over the surface of the fluid
sac, thus displacing and metering-the fluid from
one side of each blade to the other. After rota-
tion of the delay rotor, a firing pin is released to
7
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initiate-the explosive train. The design described
Was, obtamed by empirical:mieans, Tae. analysls is
.complex because. the flow:in. the nurd sack. pas-
sagés varies as afunctron of rotor: radius. Analytr-
cal techmques relating to. the interactions.of
timer geometry, srhcone fluxd proputles, and
fnctron levels have' not yet been completed.

SAc

.ROTOR *@-SAC-~
ASSEMBLY.

/ \noron‘aube'
ROTOR “DELAY ’

Figure 8-10. ‘Delay Assembly of Fuze, XM218
8-2.4.2 -Pssudcfiuids

It has been found that small glass beads flow
somewhat like a fluid. Hence, their use Has been
:investigated for arming delays and safety detents
in fuzes and S&A’s'7°2°, Glass beads-are em:
ployed as follows: Motion.of a piston caused by
acceleration .is regulated by the flow of beads
through an- orifice. Either a central holé or:the

Aannular space surroundmg the piston-can.serve as

that orifice,
.Glass 'beads have the advantage that their op-
eration is much less temperature dependent than-

‘that” of ‘true fluids. Glass*bead  delay-mechanisms-
have been successfully: tested in mortar ‘fuzes

with launch acceleratrons from 500 to 10,000 g.
Other glass bead safety switches have been used
in missiles and rockets under accelerations of.
10-50 g.

Factors that affect the- ‘performance of glass.
bead accelerometers include:

(1) ‘Orifice, piston, and ‘container configura-
tions

(2) Bead size and'material

(3) Bead shape

{4) Moisture content

(5) Surface lubrication

(6) Electrostatic charge

No design parameters ‘have been established
for the size relation of orifice, piston, and con-
tainey;. past designs have been empirical.. Beads
of approximately 0.005-in. diameter formed

8-10

from. crown:-barium type- glass have 'been used in

thiese -devices. It.is ¢ritical thet beads are near
perfect spheres or they tend to mt.erlock ‘Pre-
conditioning of parts-and* assembly areas with
controlled at mosphere ‘are required to exclude
moisture which-causes. sticking. Properly apphed
dry surface lubncants such’ as molybdenum di-

‘suplhrde, improve performance Atlow. g valuel,,

difficulty ‘has been experienced*with:static: elec-

dricity. -Genérated by the rubbing beads, ‘#tatic

electricity- tends to-'make the beads stick ana
impede  flow. Sllver platmg the glass beads mate-
rially.- 1myroves the dlssxpatxon of statlc charges

8-3 CHEMICAL ARMING DEVICES

Chemical reactions are-used to-provide heat,

16- dissolve obstructors, ‘or "to-activate-electrical:

batteries. The first -example, heat processes, in-

- volves explosive reactions described in par. 4-2,
~and the-last example,- -electrical battenes, is-de-

scnbed in par. 3-4.3.3.

Time. borpbs may contain a chemical long:
delay fuze. One form.contains a liquid that dis-
solves.a link in order to release a firing pin: Thls
is usually-termed a functlomng delay. The liquid
is kept in a glass vial that is broken to activate
the system. Fig. 8-11 iliustralés a system .in'
which a' plastic collar is dissolved in acetone so

that -the firing-pin will slip through and strike

the detonator.
This delay is relatively s1mple to build but the

-time mterval is hot .consistent because the rate

of reaction is so strongly-dependent.upon ambi-

ent temperature Further, if the solutron is:

stlrred or agxtated the reactlon rate mcreases,

= ==}~ SPRING
i‘::—_:§ =] - ACETONE
= F
- - ° =
SOLUBLE = | ‘L =F
PLASTIC =% =
RING = o =
M
1\ \F!RING
STAB ‘ PIN
OETONATOR

Figure 8-11. Chemical-Long Delay System
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and ifthe original .concentration. varies, the.re-

action:rate varies accordingly. For simple reac-
tions, the Aixrhenius' equation is a4 good approxi-

nation for the rate of reactlon2 !

{ = -H/RT
K=K, o

where- K in reactions/séc and /l in cal/mole
are constants R is: the: umversal gas~constant,
and T is the. absolute tempetature For first
is approximateiy 10 re-
actions per second- and for second: -order ‘re-
actions it is about 10°, (A fu:st order reaction is
one in whlch the rate of reactiou i is. dnrectly pro:

portional to the -concentration of the reacting,

substance. A second order reactlon is one in
whgch the rate of reaction depends upon the

.concentration of two reacting substances:)

_ For first order’reactions, the-concentration I
after a-time ¢ is

° (8-3)

.where f‘o in moles/cejsec is the initial concen-
+tration and K is.given by.Eq. 8-2. Although these:

equations are valid, they should be used only as
an apptoxlmatxon Then, empirical methods
should be employed to set the dimensions. These
tests .involve measuteme_nts of, concentratlpns
which can be done in any of the following ways:
(1) measuré- the solution concentration-by quan-

. -titative-chemical--analysis- (the-most reliable-but

expenswe), (2) measure the volume. of gas pro-
dticed (simple but-greatly affected by tempera-
ture); -(3) correlate.the:concentiation with light

-absorption (continuous measurements), (4) meas-

ure the density -of the solution (comparatively.
sm1ple and widely used}, (5) measure the -re-
fractive index {continuous and not too depend-
ent upon temperature), (6) measure the viscosity
of the solution (slow, inaccurate, and incon-
venient), and (7) -use radmactlve ;sotopes as

‘tracers. (expensive and notas wellknown). Once

the -rate of reaction is detérmined, thé approxi-
mate delay time may be found by calculations.

8-4 MOTION-INDUCED ARMING DEVICES

Moving arming devices.are possible in certain
cases. They require high relative velocities or

(8-2)

signals.
guided missiles: in which other signals are re--

very strong. interactions. They ‘have- been used

mainly for the initiation of fuzes but they could:
be .applied’ to arming. process. Also commands-

could be-relayed to _munitions:to control their
fuzes
FI ECTROMAGNETIC INDUCTION signifies
that an electromotive force is-inducediin an elec-
tric circuit when the magnetw field., about. that
cifcuit is changed. ‘The basic equation is.
do

E = -N=

P TS (8-4)

where E ¢ 18 the induced voltage, in volts; N:is the
number-of. coils of wire through. which' the mag-
netlc flux ¢, in webers, changes.

"This is useful in_sea mines as shown.in Fig.

'8-12.'The earth s magnetic ﬁeld is shifted by the-

iron ship-so. that the magnetxc flux threading the
coil is’ changed as-the ship passes over the mine.
The electnc voltage mduced in <he coil actuates
a sensmve relay which closes the detonator ﬁnng
circuit. (Sée also par. 3-4 3.2)

COMMAND FUZE S operate by réceiving sig-
nals from an operator. For example,-harbor de-
fenses have been operated thusly; an observer
notes when enemy ships pass through mine fields
so thathe may explode the mines by remote con-
trol (see par. 13-3).

Munitions are sometimes opérated:-by. radio
Usually, this method is reserved. for

ceived via radio-as-well as arming and initiating
signals.

.
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PART THREE—-FUZE DESIGN

INTRODUCTION

There-are féw,..1f-any, meclianical devices for
commercial -or ‘military use that must satisfy as
‘many stringent requiréments.as the fuze.for am-

muniition. It must not.only withstand the rigors.

‘of:transportation, field storage in any:part of the
world, and launching under a multitude of condi-
tions, but also.it' must function as desighcd upor

the first application of the -proper stimulus. From:
the gssembly line at the loading plant until uses

on ithe battlefield, the -fuze must Le safe to
handle.

Thus, the fuzé designer’s.problem-is.twofold.
He must d851gn a fuze that first will.amplify. a
sm’lll stlmulus 50 as to detonate a hlgh exploswe

will contain a,safety.mechanism so as-to.prevent
premature functioning as described in- -Part 'T'wo.
In Part Three, considerations for fuze demgn are

discussed and then appliéd-to simple ‘but repre-— -

sentative fuzes. Subsequent chapters are devoted
to sample designs of specific fuze featur/es -and-to
fuze festing:

It should be stressed that the- examples given
aré not meant to restrict the.principles-to the few
described. That is, examples of sliders and rotors
are given for fuzes of spin-stabilized munitions,
but' such fuzes .are also armed and functjoned-
with-sequential arming leaf systems, setback ac-
tuated deices, and clockworks, To avoid repe-
tition, different items hdve been.discussed with
various munitions to cover as-many types as
possible.

CHAPTER ‘9
‘CONSIDERATIONS IN. FUZE DESIGN

9-1 GENERAL

A designer’s ability to develop a fuze is con-
tingent on his knowledge of exactly what a fuze
‘must do and of all énvironments to which it will
‘be exposed II‘he purpose of this Chapter is to dis-
cuss the more basic safety and énvironimental re-
quirements; to present.a general plan for the
major phases of development from first pencil

sxetch to fmal fuze acceptance for production;

.and"to illustrate the,sequence of design and thé
application of the principles developed in'Parts
One and Two.

9-2 REQUIREMENTS FOR A FUZE

Fuzes are designed for tactical situations. They
are used with various series of ammunition items;
artillery projectiles, aircraft bombs, sea mines,
-small arms, rockets, and guided missiles. Each
series has its own set of tactical requirements-and
launching conditions which govern the final de-
sign of its fuzes. Within a series of ammunition
items (artillery projectiles, for example) a fuze

may be designed for a spécific round that is used:

with one particular weapon.or it may be désigned
for assembly to any one of a given type-of pro-
jectile, say all HE projectiles used for guns and
‘nowitzers ranging from:75 mm to 175 mm and:
8 inch. The first:fuze satisfies a set of specific re-
quirerients, whereas the second must be opérable
over a range of launchmg conditions, muzzle ve-

locity of 420 fps: (105 mm howitzer) to 3000 fps

(175 mm gun). In addition,.the fuze is designed
for different tactical situations—for ground de-
molition- (on the surface or after target penetra-
tion) or for air burst.

These illustrate the scope of target and firing
conditions. that may dictate design considera-
tions for .only one series of ammunition items;
similar lists could be made for the fuzes of other
series. Therefore, before undertaking the develop-
ment of a fuze, a designer must be thoroughly
familiar with the tactical requirements of the
fuze and the conditions prevalent i the weapon
concerned.

All fuzes, regardless of tactical use, must
satisfy definite basic requirements of environ-
ment.and safety.

9.1
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_- 82,1 ENVIRONMENTAL FEATURES

Tactical requirements vary :for specific fuzes,
but every fuze-will undergo a nuinber of-environ-
.mental conditions:from -assembly to.use. While
all fuzes do not undergo the sameé environmental’
conditions, the more common- areas' have-been
standardlzéd and grouped' together for c¢onven-
ience!. Accordmgly, the specifications for new
vfuzes can be written simply by teference. The én-
vn'omnental conditions influence choice of mate-
rials,; method of sealing-and’ protectmg the fuze,
Jayout and desngn of component ‘parfs and

-method of" packagmg Many of -the. widely used:

features: are mcluded in. the following list (for.
more details, see pars. 15 3 and 15-4):

(1) OPERATING TEMPERATURE The fuze
must withstand temperatures ranging froin an air
temperature of 125°F (ground temperature of
145°F) in-hot-dry climates to an air temperature
of —-50 F (ground temperature of —65” F) in
cold climates! - Températures can drop to —80°F
in°bomb-bays of high flying dircraft, and aero-
dynamic. heating can raise the temperature of
‘missilés launched.from-high speed-planes above
145°F.

(2) STORAGE TEMPERATURE. The fuze
must be capable of -withstanding storage temper-
atures from =70 to 160°F and be -operable
after removal from' storage'.

(3)- HUMIDITY. The fuze must withstand
relative humidities up to 100%?2

(4): RAIN. The fuze muét function as in-
tended even when fired in a rain storm.

(6) WATER. The fuze -may, in certain in-
stances, be required to be waterproof, showing
no leakage, and be safe and operable after immer-
sion-in ‘water at 70° * 10’F under 2 gage pres-
sureof 15 * 5 psi for one hour.

(6) ROUGH TREATMENT. The fuze must
withstand. the rigors of transportation (mcludmg
perhaps parachute: deuvery), and rough handling,

(7) FUNGUS: The fuze must be able to with-
stand fungus growth.

(8)- SURVEILLANCE The fuze must remain
safe and operable dunng and after storage in a
sealed can for 10 years (20 years are desired).

9-2.2 GENERAL SAFETY FEATURES

The basic mission of-a fuze is to function re-
liably, and to:receive and amplify a stimulus

9.2

when subjected to the proper target.conditions.
The tactical situation often requires:the use of a
very sensitive éxplosive train—one that responds
to small impact forces, to heat, or to electrical
energy. Another of the designer’s important con-
siderations is: safely in-manufacture, in-loading,
in transportation, in storage, and.in assembly to
'the munition. In some cases,-the forces against
which-the fiize must be protected may be greater
than. the target stimulus. Safety then is a real
challenge for the designer. No .phase can-beig-
norec because an unsafe fuze may beeome a
subtle weapon for the enemy.

A fuze designer knows the saféty require-
‘ments; these govern the approach he takes. At
each step-in design-and development.of a fuze,

he-must be conscious. of -safety. Safety apphes~
not only to the complete fuze but also to each:

step during processing and assembly of the vari-
ous components of the explosive-train, If the
requisite detonator cannot be manufactured

safely, then the design of the fuze- -maythave to-

be changec:

"Safety enters every facet of fuze and compo:
hent development In addxtnomto the broad as-
pects, there are safety features-in.fuzes that are

mandatory, desirablé, or' both. Frequently, the.

desirable features can: be included at the de-
signer’s discretion without interfering with the
basic design. It should be noted that these
‘“extra” features represent the demgners com-
petence and-ingenuity.

A .cardinal requirement for ali fuzes is that
they be detonator safe, i.e,; functioning.of the
‘detonator cannot initidte subsequent explosive
train components prior to armmg An inter-
rupted. explosive train (mechamcal separation) is

the basic method for attaining the.detonator safe

feature. Examples are out-of-line eleinents such:

as a slider or a rotor. The interrupter should.

have'a positive lock while in the safe position.
The detonator must be assembled’in the safe po-
sition so thatthe fuza-is safe during.all final as-
sembly steps and durmg subsequent -handling.

Artillery projectiles, mortar projectiles, and
rockets must-be bore safe . The fuze must be so
designed that the detonator will not initiate a
burstmg charge whlle the projectile .or rocket is
in the launching tube. Hence, it may be neces-
sary to add a device to delay the arming of the
fuze until after the munition has left the
launcher,
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The fuze fus* never remain-in the partially

armed position. As soon as the force that caused.

partial arming is removed, the fuze must return

to the unarmed position. For example, if a fuze-

that became partially armed’ during transporta-
tion<were loaded irio a gun, that fuze might be
neither bore safenor.detonator safe,

Fuzes must haveitwo tndeperident saf g feas
tures whenever po»slble, either of which is.ca-

pable of preventing :an unintended detonation.

before the munition is projected of emplaced.
The phxlosophy is:based-on thie.low. probability
that two features will fail elmultam.ously Af pos-
sible, both.safing features should-be “fail safe”
and-each should be actuated by a separate force.

The safety requirements for Army fuzes are
contained in a MUCOM Regulation® while those
for Navy fuzes aré contained in a MIL-STD*.

An .arming indicator is an example of a de-
sirable safety feature for fuzes.if it can be seen in
the assembled round. The indicator clearly shows
whether the fuze s safe or armed. Some bomb
fuzes and safing and arming devices'aiteady have
this feature, and.it is becoming more popular for
other fuzes. An anti-insertion feature is also con-
venient. in the field. Some fuzes- cannot be in-
serted in their fuze cavity unless properly
adjusted. ’

Some fuzes and fuze .components are assem-
bled in.production by mechanical spin‘assembly
equipment. To insure that spin-actuated fuzes of
37 mm and above are not armed by this opera-
tion, the fuze must at no time be spun in excess
of 300 rpm nor can the:fuze be accelerated to
300 rpm in.less than one second® Thus the de-
signer must insure that production methaods can-

:not compromise -the safety featurés of { .uze,

9-3 STEPS IN'DEVELOPING A FUZE

Development of.a fuze is considered successful
and complete -only: when pilot lots have passed
all tests and the fir.. .nas been accepted as 2
standard item ready..for mass production. Many
steps are involved between the fir~¢-preliminary
sketch and' the- production of standard fuzes.

“Throughout development, the designer must-con-

sider a myriad of details at each of four basic
phases: (1) preliminary desizn and laycuty(2) di-
mensional design and’ calculations, (3). model
testing and revision, and (4) final ucceptance,
safety, and'proving ground tests.

AMCP-706-210

93.1 PRELIMINARY DESIGN.AND LAYOUT

Many times; tactical:situations:in ‘he field es-

tablish ‘the need.for a new fuze or a revision of
an existing fuze to.extend the use or lethality. of
a weapon. In either case, the first step;in‘the de-
velopment of a fuze.is a thorough analysis: of
what firing conditions the fuze will encounter
and precisely what ‘the fuze must do. “Further-
more, the fuze designer should maintain -(lose
liaison. with- the designers of the complete
weapon systeny just. in- case specifications are
changed. It is discouraging buttrue that impor-
tant chianges have gone.unnoticed until it was all
but too late.

A good fuze design includes the followmg
features: (1) rellabxhty of action, (2) safety in
handling and use, -(3) resistance to.damage in
handling and use, (4) resistarice to deterioration

in storage, (5) simplicity of construction, (6).ade--

quate strength in use, (7) compactness, { 8) safety
and ease of mgnufacture and loading, and
(9) economy in' manufacture.

With the knowledge of what the fuze must ac-
complish, preliminary sketches.are prepared to
depict the coraponents of the explosive train and
arming revice.

Present manufacturi. g policies dictate layout
and design of all components. A design, even in
the preliminary stages, is subject to severe criti-
cism if’it is.not kept in mind that parts must be
mass produced.economically.. For assembly ‘line
techniques, the comporents.of a fuze must be
relatively simple, difiicult to omit or malas-
semble, and, of course, safc to handle.

9-3.2 - DIMENSIONAL DESIGN AND CALCULATIONS

After the preliminary design. has been ap-
proved, the required e}'cplosive train has been es-
tablished, and the.basic arming actions have been

selected, the detail drawings are prepared from.

which prototype models can be made. Materials
are considered. As was done in the prehmmary

stage, all tactical, environmental, safevy, and de-

sign requirements for fuzes -are reviewed criti-
caily. Other similar fuzes already’in production
should be examined for typical parts that might
be used interchangeably (screws, shafts, and col-
lars); this step frequently reduces manufactdiring
costs.

At this poini, the designer evaluates forces

9-3
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acting' on the fuze, selects materials, and. de-
termines component sizes. External forces to
which a fuze may be subjected are shocks and vi-

brations that occur/when a-fuze is transported or

when a(.cxdentally dropped. Acceleratmg forces
on different fuze parts occur during launchmg
(setback), during flight ((‘entnfugal and creep),
and- at the target (impact).. All these ‘forces the
fuze must-bé able to withstand withcut changing
its operatmg charactenstlcs Forces must bs com-
puted in detail. Fmally, -the choice-of materials
and dimensions for the parts depend-on elastic
modulus, stretigth, corrosion resistance; machin-

ability, availability in. times of emergency, and’

cost.. During this phase, performance is calcu-
lated and reliability is estimated.

Secondary effects that might necessitate a
change in shape or ‘balancing of parts-are reso-

nant vibration frequencies, Coriolis effects, .and

overweight. Those who are familiar with hand-

{ing, storage, and tactical requirements may sug-

gest other changes
“The fmal drawing-board layout should include

-different views, so that mterferences may be de-
‘tected:and the correct motion of every part may

be assured. The failure to make such checks is

often responsible for costly delays in the model:

shop- and -in scheduling’ proof tests. See also
Chapter 14 for additional guidance on design
details.

93.3 "MODEL TESTS-AND REVISIONS

The complexity of forces acting and the strin:
gent.requirements imposed on a fuze.emphasize
the need for extensive tests after the prototype
or inodel has been fabrlcated The actual schedule
used and the number of items tested for evalu-
ating"a fuze design depend on the type of fuze,
severity of requirements, available time and
funds, and related factors. On cne hand, the
evaluation must be reliable. On the other hand,
it must be realistic, must permit design revisions
at various stages of testing, and must allow short

-cuts when indicateu by the particular £pplica-
tion. The tests are described in- more detail in-

Chapter 15 on Fuze Testing.

While .most tests are perforined on the com-
plete assembly of the prototype fuze, mode!l tes»l,
during the preliminary layout stage can be most
helpful .and may save many headaches. For in-
stance, a novel idea for an arming action could be
evaluated’ by subjecting the pertinent compo-

9:4

nents- {0 the required setback and -centrifugal
forces. Model tists of parlial assemblies and sub-

-assemblies in the early.$iages of development will

often reveal' flaws that.are not evident on the
drawing board.

Model tests at.each stage and detailed layouts
of the design are important [or the successful de-
velopment of .a fuze. They permit early.evalua-
tion-and revisicn of component parts before the
design has progressed to the advanced stages. It
is possible that a change i one componert might
précipitate .a- series of: changes ‘in other -compo-
nents that are already being fabricated ‘in the
model shop.

9-3.4 FINAL ACCEPTANCE, SAFETY, AND PROV-
ING GROUND TESTS

A fuze that has passed all of the preliminary
model tests satisfactorily is ready for rigorous
safely and surveillance tests and for proving
ground acceéptance tests. These are genpxauy\ner-

‘formed on samples selected from a pvlot lot,.and-

thus are nearly representative of’ prodpctlon
quality. The safety and surveillance tests are
described-.in pars. 15-3 and 15-4.

The only completely reliable test for the éffec-

tiveness.of.a fuze is the firing or proof test that
is made under actual conditions of use. The fuze,
if it functlons, is destroyed henée, desngn fea-
tures must be judged gocd-or bad by the applica-
tion of statistical analysis. The: evajuation of a
proof test is extremely important. Sometimes

‘the results are surprising and perhaps-discourag-

ing. Accumulated tolerances and compromises
by designers of other components-of the weapon
system (projectile, gun chamber, and propellant)
cause the operating conditions to differ ‘from
those on which the fuze designer’ based his calcu-
lations and. thus can cause -malfunctions. This
should encourage the fuze designer.to learn more
about the complete weapon system and to main-
tain closé liaison with the designers of the other
major components to arrive at-a well integrated
system.

The proof test may indicate the need for basic
modifications to the fuze or an area for compro-
mises so that the fuze can be tsed througheut an
ammunition series. Linewise, the pilot plant.pro-
duction run may suggest other refinements to ¢n-
hance the ease of manufacture. These changes
must be made and evaluated‘by additional model

ey
5
LR e A




bo . o

busiatine
Ry

[ S

s
Pi
[}

AMCP 706-210

c
.
LR
AT TY "”;&f"",wam
p

and . firing tests. In the end, the success of the.de-

sign depends on-whether the fuze is practu.dl and
its cost- rcasonable

9-4 APPLICATION.OF ‘FUZE-DESIGN PRIN:
CIPLES

A review of .the foregoing parts of this Hand-

book shows that .concepts. and formutas have

‘been presented: for-functioning.and arming of a
fuze. The-purpose now is to- develop and 1llus-

trate the.rudiments-of a design procedure. Such
a procedure could be -illustrated in two ways:
(1) the volurminous notes, sketclies, calculations,
and:drawings of a fuze could be edited and tran-
scribed' as an example® or (2) a commentary on
the }nghllghts of a step-by- step development of a
fuze could be presented; The latter has been
chosen. The discussion will tredt the problem-as
though it'applied to a.new.fuze for-a new weapon
system.

The fuze selected for.development-was chosen
for its-simplicity. It illustrates the design princi
ples.discussed above and-lends itself readxly toa
step-by-step presentation: However, it-does not
necessarily meet all-of the current fuze require-
ments-nor use the latest avaxlable components.
Hence, the following presentation serves as a
sample--design procedure rather than asyan ex-
ample of-current fuze'design. Design features of

— = ~ -~

a current-fuze are summarized.in par, 9-4.4.
,9-4.1 REQUIREMENTS FOR-THE FUZE

A new weapon system can evolve in.one of.
-two ways. Either a combat element determines
a.need to meet certain tactlcal situations or it
capxtahzes on a bnllxant idea (desagns in some
cases) for a new. weapon. In either case, the tactl-
cal requirements-provide the input-data for ex-
tensive ballistic studies: from which the general
size and shdpe of the complete -projectile or
missile are derived. Assume now that-a fuze fora
Pprojectile is"i:e'quired. With scale factors in-hand,
the. theorist allows.space for the fuze based on
-existing standard projectiles. (He has already es-
tablished the outsidesurface of’ the fuze by- fix-

ing length and fadius of the ogive. ) All these.are-

shown on what s termed a cahber drawing of the
prOJectﬂe, Fig. 9:1. At the same time, the theorist
‘has calculated the'amount of high exploswe to be
carried by the projectile, Additional data avail-
able are ballistic curves for the weapon in' which
the projectile will be fired (Fig. 9-2). From

these, the fuze designer.can determine the forces’

available durmg pro;ectlle travel in- the gun tube
and-at the muzzle. The tactical use establishes
the minimum arming:distance,and’ how the fuze
should function.
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The requirements. ‘which govern the fuze de-
éign for-the ilhistrative example are summarized
in Table 91,

In addltlon to -the specific tabulated require-
ments,vthe desxgner miust keep in -mind the gen-
eral requxrements (par. 9-2) and.the acceptance
tests (pars. 15-2 to 15-5).

The fuze designer has his assignment; the re-
quirements -have been outlined. In-essence, ‘he

has -been’ handed a chunk of:metal with’the limi-

tations shown in Fig..9-3. Into. this space he must
fit'explosive train and arming mechanism.

9-4.2.DESIGN CONSIDERATIONS

The- first step is to make a series of sketches,
-of whlch Mg, 94 might-be one, to illustrate the
components of the.explosive train. It is firstnec-
essary to apportion the. available. space among
‘the components. At least a bGoster charge, a dét-
onator which can be moved away from the open-
ing- to the. booster charge, an ariming devxce, and
the firing pin are -required. Thus, the design of
the fuze will'include three-basic subassembhes-—
booster assembly, detonator assembly, and mx—
tiating assembly—all of which must bé fitted into

<o EEE TR e Py

TABLE 9-1. REQUIHEMENTS AND DESIGN DATA
FOR SAMPLE\FUZE

From the Ballistic Curies

Maximum Gas Pressure 40,000 psi
Gas Pressure. At Muzzle 9000 psi
Muzzle Velocity 2870 fps
Rifling Twist I tum in30 cal
Bore Diameter 1.575.in..(0: 1312 ft)
Projectile Weight 1.9851b

-Ot her
Arming Distance “Bore-safe
Booster Pellet Material. Tetryl
L{‘ype of Tnitiation Impact
Functionipg Actiori PD’?SQ

L
»

e

the space allotted ThlS space can bé machmed

.out-of smgle block for:the fuze or it.can be gen-

erated by assembling: Separate -pieces: For- this
small fuze; a dié .cast ‘block may be cheaper to-

.manufacture- than any other. type. Then for con:

venience in the loading plant; booster, detenator,
and mmatmg assemblies should be-encased: in

A
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Figure 9-2. Ballistic Drewing for 40.mm Gun
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NOTE: ALL DIMENSIONS IN INCHES

‘Figure 9-3.. Outline of Fuze Contour-

their .own housings.. A descnptlon of these as-
sembhes follows.

9-4.2.1: .Booster Ascembly

The booster :assembly includes the booster
pellet the booster. cup, the lead,.and a closing
«disk. From start to finish, the desigrer must al-
ways consider, in addition to fuze functlonmg
and -operating requirements;. the manufacturing
and loadmg technigues that are in common use;
One: :may.decice that:5.4.grams of tetryl ata den-
sity+ 0f0.057 lb/m are required:to initiate the
burstmg charge®. For best-output, the lengi;h to
diameter- ratio- should be greater than 0.3 and
less than 3 (see pat, 4-4.4). Two standard tetryl
pellets (each 2.7-grams, 0. 56.in, in diameter, and
0.42.in. long) could be used. This.will still leave
enough space for a stab detonator between firing
pin and booster. )

The above figures-are based on the assumption
ithat the péllet is allowed:to extend into the pro-
jectile cavity to increase the reliability of ‘initi-
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PELLET

Figure 9-4, ‘Preliminary Space Sketch

ating the bursting charge. Enough space must be’

‘provided for metal side walls on the booster:to

properly confine the explosmn )

Since.the booster-should be held in a’housing
as described above, Fig. 9-5 shows the fuze-with
the: booster péllet -encased in a cup that.is
screwed into the fuze body. Since the cup is:
open end out, a closing disk has been placed over
the output end of the booster to retain the tetryl

‘expiosive filler.

The bottom of the booster cup at the input
end of the. booster, however, must have a thick
wall, so that if the detonator should ‘explode
prior to arming, the booster wﬂl be- -adeqnately
protected For mltlat)on at the target stimulus
when the detonator is aligned; a small central
hole is plerced in the cup. Another. complica-
tion now arises: -the detonator cannot reliably
initiate the booster if the gap (hole through the
booster cup).is to0o.long. To assure reliability of
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the explosive-train,-the same.type-of explosiveas
the booster-pellet, tetryl, is inserted in the hole
to.carry the detonation waveto-the booster. 'l‘hls
is termed-a- lead 'I‘lns component is initiated by
ffie detonator and’leads the. detonation into the
booster.

"9-4:2.2* Detonator Assembly

In this simple fuze, the detonator converts tfle

kinetic energy of the:firing pin into a:detonation
wave: Thus a stab detonator is required that will

be sensitivé:to the results of the expecled target

lmpact and yet will have an- output; -that will're-
liably initiate the tetryl booster.

In accordance with. the desire -that standard’
:componems be- used wherever possible, a-stab

detonator is sought that will ‘fulfill the require-
ments. For example, the MARK 18 MOD 0 stab

.detonator has.an input sensitivity of 24 in.-oz.

The explosive .components part of ‘the Army-
Navy-Air Force Fuzé Catalog® and the volume
on Explosive Components' list additional -data.
Output is given as an indentation -of i least
0.090 in, in a lead- dlSk This output -has -been

shown ta be sufficient to initiate a tetryl booster

and the input sensitivity is' great enough for this
fuze (shownlater),

In order to provide detonator safety, the deto-
nator must be moved. out of, line with the lead.
A simple-device for doing this is a: disk rotor that
carries the detonator In the unarmed position,
the explosive train is completely mterrupted be:
cause the firing pin is blocked from the detonator

and the detonator output end is not close to’ the

lead. In the. armed position, the disk will* be-ro:
tated so that- both‘ of these safety precautions
will: be: remeved: Fig. 9-5 shows these featires.

‘The rotor -diameter must. be just larger than
the length -of the detonator (0.41: in.), and- the’
rotor thickness. (the detonator has a diameter of

‘0.11 in.). must surround ‘the detonator thh

enough material to provide adequate gonfxnve-

Amentw(_s‘ee'pz}r. 4-3). Thése considerations fix the.

dimersions of the ‘rotor. Detents are added to
hold the disk in the unarmed position; the detent
springs are-held.in place by the detonator assem-
bly housing shown.in“¥ig. 9-5.

Flg 6-14 shows a representative disk rotor.
The approx1mate dimensions-of the rotor will be

DETONATOR ASSEMBLY
HOUSING

DETOMATOR

| ROTOR

DETONATOR H .
ROTOR HOUSING

; g///'7~

gy ASSEMBLY g5
w4 v W s e e
’ ‘—4;;1 ASSEMBLY : 2_' .E% . BOOSTER
: HH TR = 11 cup
; - M HT [ 1 F T d s
¥ L %tt: -L:E:E-, - [ s ad i-l:r:- -
. i g S —avsrer
rH ::iﬁ HE=T s i. TR <
kgt i =1,

*CLOSING DISK

(4) Front View (B) Side View

Figure 9-5. Booster and Detonator Assemblies
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i ,f se]ecj:edas 7/16 in. in diameter and 5/32 in. ‘Table 9-2 lists the various moments.of inertia

thick in-order to. properl'y House the-detonator,
Rotorvmatenal is selectéd on the basis of den-
sity, conﬁnement and safety An alummum alloy
that can be die cast would be conveniént.
Next the designer determmes the arming
Limits, Whlle in theory a ‘fuze-arms. at a certain

'mstant in practlce, allowances-must be made for

dlmensxonal tolerances and variations in friction.
Hence, both minimum -and ‘maximum. arming

limits must ‘be selected. The specified arming

levels are converted intoé: units-applicable to the
particular desxgu, sich as setback or spin- levels

The minimum arming level (must-not-arm- value)«
must be suffluently hlgh to assure'safety. durmg.1
~handlmg and testing. The maximum arming

level (must-arm value) must be well within the

.capability of the weapon .and must fulfill: the

stated..requirement. The spread between these
two values must-be. reasonable from a viewpoint

-of manufacturmg toleranices. Expenence dictates
which of the many- valués'that meet these broad:

hmlts are optimum,

For the sample projectile, the spin at the'muz-
zle is found from F.g 5-5 as 730-Ips or 44 000
rpm. Reaaonable arming hmlts based on -the
above conSIderatlons, would be 12,000. and
20, 000 rpm..

With .the equations in par. 6-5.1, the time to
arm (the ‘time for the rotor to- turn..into. the

-aligned position) is calculated For a first approx-

imation Eq. 6-46 may be solved for ¢ by negléct-
ing friction.. This value should be the minimum
arming:time.

Note. from Eq. 6-46 that the time to arm de-
pends only upon the ratio of .the. moments of
inertia of the-disk. However, dens1tvels not an ig-
norable factor. The individual moments of inertia
depend upon density of rotorand its comiponents.

for the .rotor and ils parts as calculated. by the

.usual’ formulas. By using Eq.’6-46.with 0, = 55°

and 0° = 0, the-limeto arm at the spin for;,;he
muzzle velocity (Table 9-1) is found.to be.about
8 msec. ‘Since the friction present always de-
creases the-velocity as-evident in Eq. 6-47, the

dime to arm will be greiter tha'l 3.msec. While

the lcad weights decrease the arming. txme, they
also increase the stabxhty of the rotor in the
armed’ position which increases.the rellabxhty of
the fuze to initiate the bursting charge.

To. restrain the disk in the unarmed’ pqsitipn',
detents are inserted that are held by sprmgs
If friction between detent and rotor hole i is.con-
sidered neghglble, these $prings are set with-an
initial -¢compression equivalent to the centnfugal
force produced by the detents-at the minimum
spin to arm. At the latter spin rate the detents
will ‘be in equilibrium whijle at any higher spin
rate they will' move radially outward to release
the rotor. Eq. 6-17 «definas. the motion for the
detents. 1I'wo.items are important: (1y the spring
force increases.as the spring’is compressed, but
the centufug'll force i increases at the.same- rate;

therefore, once the part moves it will continue-

to move radially outward;.and (2) the fnctlonal
forces arise from the torque induced in the rotor.
The resisting torque on tlie rotor is represented
by the second.term on the left-hand side of Eq.

6:45. From the ‘vanie of .the. dlSk assemblyin-

Table 9-2, the torque is found to.be'3.72 x 10"
Ib-ft and the ‘frictional force on .each detent is
0.15 1b. The centrlfugal force on the detent,
weight 4 grains, is calculated from Eq. 5-11 as
0.37 1b.. The initial spring load, according to Eq.
6-17° must be at‘least 0:22 1b to prevent arming
below the spin of 12,000 rpm, The spring design
is explained in par. 10-%.1.,

TABLE 9-2. COMPUTATIONS OF:-MOMENTS OF INERTIA, Slug-F¢?

J L 1, I, - I,
Solid disk 1.174x 10% 1.042x10® 1.042x10® 0x10?
Hole for lead 0.078 0.082 0.0092 0.073
Hole for.detonator 0.151 0.014 0.151 -0.137
Hole for detent 0.0046 0.0032 -0.0019 0.0013
Disk 0:830 0.836 0.858 -0.022
Detonator -0.0954 0.0106 0.0954 -0.0848
Lead weights 0.322 0.340 0.088 0.302
‘Disk assembly 1:569 1.527 1.029 0.498
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:9-4.2.3 . Initiating Assembly

Thxs assembly, saown in:Fig. 9-6, contains the
firing. pm, the firing pin extension, two. detents,
a firing pin housing. :andithe Bpll‘al spring: Ore
notes -that the fmng pin+ wﬂl be subject to.rear-
ward motion on setback. Smce this is highly un-
desirable: (the point will be damaged), some
‘means are usually: provided to' prevent such-rear-

ward. motion, Fig: 9-6-indicates two hourglass.

shaped detents between firing pin shoulders and
‘container to prevent rearward motion. These

detents are subject to the. saine consnderatxons as’

rotor detents ‘relative to: length and clearanoe
(see par. 6-4:1). The hourglass shape providesa
more positive lock than a cy_llnder because set-
back -tends. to:cock the detents to restrain their
‘motion. 'I‘herefore, these detents will be'released
-at a:higher spin than-the rotor detents This ar-
rangement assures :that the fmng -pin cannot
move.until the detonator -has rotated into line.
Once ‘the setback acceleratlon is removed the
detents are free to move radlally outward just as
the rotor detents are

For this geometry, a spiral (Wwrap-around)

FIRING -PiN
"EXTENSION.

(o
A B \
/Y.

b #FIRING PIN'
/)

% .

SPIRAL _/‘_"’“‘*T“' X
SPRING :J ! y D PN l,\DETENT

‘FIRING PIN
HOUSING

| SRR

Figure 9-6. Initiating Assembly
9-10.

spring is convenient to hold the firing pin: det-
ents.inward. See par. 10-3.2 for the- caiculaixons
appropriate for sucha spring.

Ercm the specmcatxons provided for the ogive
shown on Fig. 9-3, an enlargement of Fxg 9-1,it

8 noted that the.nose of this particular projectile
is rather long Hence, the’ designer should use.a
'hght firing pin in order to decrease the inertial

éffects. A plastxc fn‘mg pin- extension on -the
metal’ firing pin will*suffice if the two. parts are
ngldly connected to prOVIde for oblxque impacts.
The firmg pm ltself can be reduced to a welght
grains,

Will"this-firing pin assembly provide the neces-
sary .24 in.-oz to imtiate the detonator” One

.could calculate the ‘kinetic energy for a reason-

able firing, pin vélocity, say 130 fps, making the
necessary assumptions, for: friction. ini the firing.
pin motion for both.-square and obhque im-
pacts. However, such computatlon 4s not of
much value: It is more reasonable to assume
that the firing pin stops (in effect)} on impact,
and that the énergy of the prOJectlle is available
to fire the detonator Hence, the. detonator has

‘a satisfactory.input sensitivity for this fuze.

9.4.3 TESTS AND REVISIONS

Finally, the design .shown in. Fig. 97 is
derived. Parts.are manufactured and assembled
into the fuze. The design must now meet. proof

st .standards. Whetr the fuze-passes the appli-
cable tests of pars. 15.2-to 15-4, the designer
has: achieved his goal.

9-4.4 DESIGN FEATURES OF CURRENT FUZES

9-4.4.1 Example.of Current Fuze De:ign

‘Fuze, XM539E4, is, a point-initiated; base-
detonated fuze for the XM409 HEAT Cariridge.
It has few moving parts (no clockwork), as-a:
matter of fact, ‘has few total parts. It meets
stringent safety requirements-through mechani-
cal and electrical safety. It i§ spin armed and has
delayed arming. The point-initiating element in
the nose is ‘the 'piezoelectric Power .Supply,
XM22E4 (see par. 3-4.3.1).

The fuze is shown in Fig. 9-87. During storage
and handling, the explosive train—that consists
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of:the XM65 Electric Detonator, alead, and the
booster . pellet—is :interrupted by the out—of line
position-of the rotor: The‘rotor is lockedn the
out-of-line, or unarmed, position by two.-op-
posing and spring-loaded .delents that engage

SRE ) F\ g into holés at each endof the fotor.
/ o Two set screws serve as thrust bearings on the
\ énds of the rotor shaft. A return arm assembly;
[V W—— = consisting of a weight brazed to the return frame
© OETONATOR is pivotable abouit a return pin and is held against

Asseuay the rotor stop pins-by the rotor return spring.

, . All are contained:in an aluminun die-cast hous-
N ing that in turn-is contained:in the body,. and
A held by the booster cap assembly. A plastic’
plate carrying the rotor stop, terminal post, and.
‘contact leaf is held between body 'and rotor

housing,
Assewy Centrifugal force, gerierated by the. high spin
velocity .of the projectile, acts on the detents
foréing-them to move radially outward; unlock-
ing the rotor. Setback and céntrifugal forces;
also acting on the return weight, -cause the re-
turn arm' to ;pivot away :from the rotor. The
rotor is then: free to afm. Spin forces acting on.
the dynamic unbalarice of the rotor induces the

5

W Eow n
jansek PR uR] ssesy L
T+t ¥

o

ROTOR-HOUSING BOOSTER:DISK
SPRING PIN- - ‘~BOOSTER PELLET
N (AusNME T)°
o ISEMBLY woes YMes Ei.zcmc
) : e : LETONATOR 9’
ROTORRETURN. . . e
WEIGHT 7 - * oot . Q
. PLATER,  jacinne. - CONTACT,
: MACHINE: . | SEMBLY v
. SCREW: As“ _\0 = v
TERMINAL POST ) N “a
ASSEMBLY. A . g '\
. A3 . \——LEAD CUP ASSEMBLY

TERMINAL INSULATOR \°
' - ';;- ROTOR RETURN PIN

+—SPIN DETENT (2
- SET-SCREW P @

| (YHRUST BEARINGI2Y o
“USPIN DETENT

72

_ROTOR RETURN :SPIN:DETENT WASHER(2)
FRAME l 6 (2)
= ey, AN
A\ Y SPRING
\ PLATE X RoTOR STOPI(2)
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X CONTACT LEAF ASSEMBLY

\ (FUZE ORIENTATIOM

: TERMINAL POST

Figure 9:8. Fuze, PIBD, XM539E4
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rotor to rotate -until the detonator contact is-
against the stop, and ‘the .detonator is aligned

“with the lead cup. In-this position, the detonator

makes electrical connection with' the contact

’ieaf ‘Electrical’ energy. transmitted froin the
‘nose:element upon irapact or graze initiates the
-detonator that-propogates: fhrough the.explosive

train:
The return: arm will return the rotor in the

-event that-the fuze does not function if the spin
-drops below 2000 rpm. This-i -nsures against fiting’

of a preatmed: fuze and provides for safe disposal
and handling, of. spént prOJectxles that were nct

-destryed by ‘target impact.

9:4.4.2. Example of Rain Inseiisitive Design

An. effective empirical rain desensitizing fea-
ture for point-detonating fuzes:consists of a re-
cessed cavity in front of the superquick element
(which consists of firing pin, firing pin suppott
cup and a detonator).as shown<n Fig: 9-9. The

:head. assembly is the one used ‘o make Fuze,

M557A1EL rain insensitive. The: cavity dimen-
sions can be varied so.as not to seriously .affec:
fanctioning against normal.targets.. Difhensions
of the cavity illustrated are 1/2 in, diameter and
3/4 in..deep. The-recess is baffled by three cross

bars of different depths and:orientations:in the.

holder. These bars effectively break-up rain

WA =

DITONATOR SITAINING SEatw- o, hssmmy e
M24 BUTONATOR ==
/ HEAD
v / R CROIS BAK HOLDIR
¥ wd . Sy Ea WAt

o

CUSHON

HOING PiN wnouJ _/ k.
-MIRING PIN Aumsu
wdisse /

\.- CROSS BAR (31

:Figure 9-9. Head Assembly for Fuze, M557A1E]

(Rain Insensitive)

drops' 4 mm and larger in diameter and’reduce
their momentum.to a level sufficiently belowthe
threshold energy for initiation. Four drain holes,
spaced equally around -the base of the cavity,
expel by centrifuge action any accumulation of
water.

'This type.of-head is-also effective in desensitiz-
ing fuzes for more effective penetration of jungle
canopy. In this type of environment, the bars
and. the recess -serve to- cup up- all foilage,
branches, etc:, encountered, filling the cavity

while providing a delay .beneath thé canopy.

When the cavity is.completély filled, the fuze
functiois.in the regular impaet riode.
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= CHAPTER 10

FUZES LAUNCHED WITH: HIGH ACCELERATION

| 101:GENERAL

As stated in.par. 5-3, munitions. are launched
with a. high.cr-slow acceleration. Mumtxons are

'norma}ly called pro;ectlles if fi red- from guns,.

howitzers; and zecoilless rifles. The .projectiles

~p¢uts must wzthstdnd great setback forces and
=yet retain their operabxlxty This requires strong
‘parts. Whlle the projectile is in the gun tube; set-
-back forces aﬁl> parts rearward-along thé muiiition

axis, Motion -in the tangential-dizéction-for both
armmg and functioning can begm -when the scl;-
back accelergtion is sufficienitly reduced after

»the prmectlle leaves the miuzzle. Mechamcal
arming and percussion initiation are the. sxmplest:
for the fuzes,

This Chapter contains design exanmples of parts:

found i in projectile fuzes Springs;-rotors, sliders,
16ck pins, and sequential leaves aré typical parts.

"10-2 FUZE COMPONENTS FOR FIN-STABI:

LIZED.PROJECTILES

Fin-stabilized projectiles either-do not spin-at
all’or spin at a:rate below that required to stabi-
lize projectiles. The centnfugalfforceoAactmfleon
the fuze parts:cannot:be used: for arming because
they' are not- suffxuently dlfferent from those. of
normal handling. ail fins on, these pro_lectlles
prevent tumbling; f;mng fhght A1 ming is-accomni-
plished by means of springs’ and’ ‘Initiation by, the
effect of ‘target 1mpact The spnngs may :move
sliders, hold lock pins;-or turn rotors. Each must
be designed according to its purpose.

10-2.1 COIL JPRING DESIGN

One comqur;problem» fop a fuze designer-is
that of designing-a spring ‘to support & certain
load Usually the designer calculates the-load and
then fits a-spring into the available space that will
support - that load. He-determ.ges wire size and
matérial, number -of. coils, and free héight neces-
sary to fulfill the requirements. An approximate
design is made that may be modified later, if nec-
essary. The following example .illustrates the
procedure.

10-2.1.1 Restraining Motion

Assumg the following problem: Desxgn a
striker- spring for:a fuze head assembly as shown
in-Fig: 10:1. The spring-is required.to prevent the
forces experienced in ilight (exterior ballistics
forces)+from driving lhe {iring ,Jm info the deto-

-nator until the target i struck. .z Approximate di-

mehsions.aré.scaled from fhe outsxde d:mensmns

-of:thie head.

r\'*'ﬂh}!lﬁfﬂ!{'

~STRIKER SPRING,

ERING ¢ P
PIN !D\JS X
p!“

\-stamen

Figure 1041, fﬁg’z’ga Head Assembly

The drag force-on the striker is calculated by
‘Eq. 53 in which. k -OSo d -082m pe=
0.0806 lb,‘ft3 y-and the veloc;ty, = 700 fps. Hence,
the drag force i is 2.0 1b: Note that; because of the
streamhmng of ‘the- prolectllm the -overall drag
coefuuent 50,066 -for-the 60 mri Mox’cal Pro-
jectne, M49A"‘ To prevent firing | pin; motion, a
:ﬁnng\pm spnng must be.designed to have an ini-
tial compressxon load-of at. 1east 2’. 9 1b.

If a-helical wire. spring.is’ used,;the wire diam-
eter may be es!:xmated from the: empmcal formula

] (10-)

d = 3/ =, in.

’ 0.37
swhere F is the'lvad'at solid! hesght say é‘b dis

the mean. diameter of the sprmg, in.; and 7is the
safe:shear stress'in the wire, pSl I‘rom Fig, 10 L
the allowable mear diameter is 0. §5 i in, Lot this:

be d and the allowable stress be 90, 000 psi. Eq
10-1 indicates the wire diameter to be:0.049in.

Although. the spring formulas take intc .ac-
count-only torsional stress, the stress caused by

10-1
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transverse shiear may be accounted for by in-
cluding -the Wahl factor A . This correction fac-

.tor depends upon the ratic of the mean diameter

of the spring to.the wire diameter.
‘For this spring

Codid, - 13 (10-2%)

The Wahl factor K is estimated from

K 1'7 6.36 0.5 ;
K, = l;—C—fF-%r—:;— (10:3)

so that K = 1.12. The designer calculates the
actual. cheéar stress under the given load by the
equation

8FdK,

7d3

T o=

»

which-is within.the allowable limit.

Theé following.parametérs.are needed.to com-
plete the solution:

(1) Pitch py-of theunloaded helix. (0.14-in.)

8Fd

Ph= o=y d + h,, in (10-5)

G'dY

where-h_ is:the clearance between coils (usually
10% of the wire diameter or of the first térm of
Eq. 10:8) and G’ is the shear modulus of the
wire;

(9) Number of active coils ‘N for a closed
end coil®

=

5.9 1 1s. .
N= 2, coils (10-6)

"d: )
where h_ is the solid height, 0.60 in. (the hnlght
at- loadzmmua the dead coils d1v1ded by the wire
dlameter plus the clearance). For this case, N is
13 active coils;

'(3). 'Free height: h of.the coil (1.94 in.)

hf = i\p}“ + 2, in, (10-7)

The formula:for ‘the spring constant is given-in
'I‘aole 6-1 from whlch the constant'is found to be
3. 1 Tbfin, Therefote;. if the: designer speufles an
initia! compression of ore inch, there will'be a
safety factor of 1.6 hecause the load to be re-
Sisted was -calculated. io be 2 1b. Usually a fac-

-
TS

“From Slwhnni‘c&l Springs by A, Wahl, Gopyright 1963.
Used by permissien of MeGraw<Hill Book Company.

10-2

= 80,000 psi (10-4)

tor of sifety of 2 is preferred. However, if a-high
safety factor is required; the-sensitivity of the
fuze wili. be decreased:

10-2.1.2 - Controlling Motion

Helical springs may .also be used to- control
the motion of. a mass. As.an example, tke Jock-
ing action of .a setback pmn- on. another pin w1L
'be discussed. A suggested. mter}ock is shown in
Fig. 10-2.

Durmg launching,. sétback forces drive.the'set-
hack pin rearward which releases the safety pin.
so that-the safety. pin spring can:pull the pinGut-
ward. Since the.sétback:pin is free to return fol-
lowing' launching, the- designer. must :be certain
that the safety pin moves far enough during or
just after launching to prevent the cetback pm
from re- entermg the locking hole:aftéer- sethack:
forces cease:

“The motlon of the safety pin is. controlled by
the frictional force 1 a” ,where pis thé coeffi-
cient gf friction; ¥, is the weight of the patt, 1b;
and a” is the acceleratxon g. During setback; a”1s
large.so that pif a” >°F which predicts that the
safety pin does not move dunng launching.
“Therefore, it must move fast enough after iaunch-
ing.so that the setback pin.does not re-enter the
locking hole. (This is the marginal condltlon )

Let tha design set the condition tha: th a safety
pin will move a distance greater than: 1/4 the
diameter of the setbdck pintbefore.it returns-to.
lock the safety pm "The; mass of the pin.is 0.455

x 107 shug, its spring constant is' 1.21 Ib/in., and.
the coefficient of friction is assumed to be 0.20.
This safety pin issacted.upon by the spnng, the
friction force resulting from: creep' ul a” , an&
the: frictional force fcaused by the slldeg shutter

FIRING FIN' PORT

SHUTTER .
7 / =
. / a’
et =
/ / B\ + N Aa’ 3
—T Bodsin - wWed' &
1r~ . 4 i F ‘Q
A lleoigsin  }  HWH® M
« - . .-
WIPZZ XYY A
/ > =
o P \u
SETBACK PIN I \-LEAD cavity \
{BOTTOM POSITION / .
SLFETY~PIN SPRING-
079 in, FROM & SPRING
SAFETY PIN) LSA?ETY‘PIN

Figure 10-2. Inierlocking .Pin
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pressing on.the pin. The equation of amotion-for
the pin-is-similar to Eq. 6-12 where § is 0.25-1b
and a”is 10 g. To solve for the:lime to move the
distatice v, - S, the initial compression of the
spring I must be known. This 1s typical of de-
sign problems assumptions are made, computa-
tions are performed, and:thenr the original dimen-
sions are corrected if necessary.

Hence, if x is 1.5 in. and if the pin must
move 0.029 in. (1/4 of 0.116 in.}, the time-inter-
-val will be 1.1 ~ 10™ see from Eq. 6-12. How far
will the setback pin move in this time? Fig, 10-2
shows the pertinent dimensions for the setback
pin. Let the spring constant be 1.31 Ib/in. and
the pin weight 0.0022 lb. To obtain ¢the greatest
distance that the .pin will move, lthe effécts of
friction are -neglected; in that case Eq. 6-5 will
servé-in which. ¢ is-approximate’y 0.45 in. Thus
x = 0.39 in. which 'means that the pin will move
-0.06 “in. Therefore,, the Setback piit must be
. * bottomed at-leasi-0.060 in. away.from thesafety
pin.

The setback pincwill strike the safety pinsome
time later-than: 1.1 msee, and the pin will not be
able to re-enter the hole; hence the fiize will con-
tinue to arm;

30-2.2 SEQUENTIAL LEAF ARMING.
For ‘projectiles that do not rotate, arming is

'usually accompllshed by setback forces. The mo-
tion of sliders and rotors that is impéded by eet-

back:can be:used-to- achieve:bore-safety: Acceler-
ations-resulting from a drop are higher (Fig. 15-5)

but are not sustained-as long as those resulting
from: firing (Fig. 5-2). ‘Hence, many. devices are

built to discriminate between firing setback and:

impact forces due.to drops.

Perhaps the easiest way to discriminate be-
tween -the two is.to build a device that is-actu:
ated only by the accelerations present under fir
ing conditions..:An approximation to-this accel-
ération. tan be obtained with a sequentxal Jeaf
meckanism?. The main featuxe sin its design s

the requirement of an extended accelération,.

much longer than that present.in a-drop impact
into any medium usually encountered. With ‘a
provision for-return to the unarmed .position,
this device can withistand many drop impacts
without becoming committed to arm.
Sequential’leaf mechanisms are designed to re-
spond t6 a threshold acceleration sustained for
some period of time. The product of .time and

acceleration must be greater than that resulting

from a drop but less than that produced by a

properly fir:d projectile (see par. 6-5.4),

Te three-leaf mechansm used as the safety
device in the 81 mm Mortar Fuze, MB32, iy
shown in Fig 10-3. Operation is as follows: Upon
sethack, the first leaf turns against its spring.
When it rotates far enough, it permits the second

leaf to rotate, and that in succession releases the

last leaf. The last leaf moves out of the way to
release the arming rotor.

The mechanism utilizes a large porfion of the
area-under the acceleration curve hecause succes-
sive leaves are assigned {o successive portions of
the curve (see-Fig. 6-19). Each leaf is designed to
operate at a slightly different minimum accelera-
tion:level by:using identical springs with geomet-
rically similar leaves of different thicknesses.
Each leaf operates when it experiences approxi-
mately half of the-average acceleration occurring
in the-interval to-which it is assigned For exam-

‘ple, ‘the -first leaf is designed to operate when it

experiences an acceleration of approximately
450 g for 2.5 msec. The total design wvelocity:
change is approximately 110 {t/sec.

‘The mechanisi- has been shown to be safe-
when subjected to 40 ft drops. This safety re-

~su1ts from the fact -that the 1mpact velocity in a

40- ft drop (about 50 ft/sec) is less than half the
des1gn velocity- change for the mechanism. How-

-éver, the parachute drop-imposes the moststrin-

gent requiirements on thié. mechanism®. 1t speci-
fies that thex fuze must: vnthsfand the ground im-

.pact forces that - result when: it i5.delivered by
‘pardchute. The mechamsm ‘will prevent arming

when the*ammunition:is-delivered by<a-properly.
functioning parachute ‘because the.impact veloc-
ity is less than that ‘for a 40-ft free-fall drop.

However, if the parachute malfunctions during
delivery, the velocxty change at.impact is greater
than. the-design velocxty change. It is, therefore,
p0551b1e that a’fouled parachute delivery could
produce .the-minimum desxgn acceleration for a-
length of time sufficient to arm the mechanis.

1C-3 FUZE CCMPONENTS FOR SPIN-STABI-
11ZED,PROJECTILES

The arming.operations of munitions stahilized
by spin may ‘maké use of the forces due to
the spin on the fuze parts. Sliders ¢ah'be moved
by the centrifugal force field, rotérs may be

10-3
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repositioned-by turning, and detents can be with-
drawn against spring pressure.

10-3.7 SLIDERS

Sliders form a corvenient way Lo hold the

-detonator out-of-line. Here the- designer is in-

terested -in the time -interval, after firing the
projectile, during which the fuze is safe or the
slider ha~ not moved. e caleulates this from
estimated dimensions of the slider. The time
interval requitfement may be stated in this fash-
ion: (1) the time interval for sliders must not
begm-untd after the projectile leaves the gun be-
cause the fuze must be bore safe (the separate
time delay, required. while the fuze is in the bore,
is usually achieved by setback), (2) the fuze must
not arm below a certain spin velocity (the cen-

trifugal field is too weak to cause arming),.and-
(3) the fuze must.cefin tely arn: above.a certain-

spin velccity. These concepts are discussed more
fully in'par. 9-2.2.
1f the:slider is'placed.at ati angle less than 90°

to’the spin axis, setback forces will havea com-
ponent that opposes radial outward motion of
the slider. This provision can satisfy. requlrement
(1). For a:nose fuze, a convenient angle is that
which makes: the stider perpendicular to the

LEAF-NO L8 SMAET
ASSEMBLY

/
ogive. An angle of 75° will serve as a. first ap-
proximaiion. The final angle depends on the
ratio of sethack to centrifugal“forces.

A retainer spfing can. satisfy requirement (2)
as well as the-rough handling.requirements. 1t re-
mains to adjust-the spring constant and ke posi-
lion of slider mass cenier with respect to the
spin axis, Fortunately, requirement (3) is ob-
lained with the same calculations.

Since the slider will generally continue to
move once it starts (the spring force is balanced
by the increasing centrifugal force and the ki-
netic friction coefficient is less than the static
one), the designer needs to know the conditions
under which the slider will move. Set » = *_in
Iq. 6-29 and reduce it to

W = ~kx  ~ Wa'(sind 1 4 cosd)
(10-8)

v mwtr, (cosp = psing)

For requirement (1) % < 0 for all possible
values-of @, for requirement (2)x% < 0.fore" = 0
and where » is<the lower spin specification, and
for requirement (3) ¥ > 0' where o’ is the creep
deceleration and w is the upper spin specifica-
tion.

As @n example, suppose it is desired to find’

the angular-spin velocity necessary to arm a fuze
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Figure 10-3. Leaf Arming Méchanism of Fuze, M532
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having the slider shown in.Fig.-6-7. ‘The data are
$-=15%, x = 0.300in., 1, = 0.062in., ¢ = 0.2,
and the spring constant k = 1.0 Ih/t. Table 10-1
shows a summary_of the conditions and caleula:

tions. For ¥ - 0, .ktu ¢ W’ fsnd o jreosy

A
Rw ™t (cosd = pwsind)  which implies that

ke, v Ha” t>mne « prcosd)

w? — o (10-9)

mr, (cosep = i)

The specifications state that this fuze .nust not
arm at 2400 rpm but .must arm-at 36060 rpm.
Calculations show that the specifications are
satisfied.

10-3.2° ROTOR DETENTS

Another device used in fuzes to obtain detona-
tor safety is a- spherical - ball rotor as shown in
Fig: 6-22. The ball in a spinning munition tries to
align its polar moment of. inertia axis with- the
spin-axis (see par. 6°5.7). Tlns alignmént must be
prevented’ both before fmng and until the pro-
jectile clears the gun. Usually. detents.hold the
rotor in the unarmed position. In turn ‘the
detents are held by a spring.

A 57 mm recoxlless rifle projectile will serve as:

-an example. Ballistic- constants are the following:
muzzle velocity = 1200 Aps,. weight = 275 1b,
rifling- twist ‘of 20 cal/turn, and'a propellant pres-
sure at the riuzzle of 2000 psi. Eq. 54 states
that the spin angular ‘velocity. is 2014 rad/sec
while Eq 5-2 shows that ‘the- prOJectlle accelera-
‘tion at the muzzlesis 2876 g, -

To keep the rotor dynamlcally balanced, four

cavities are drilled radially-into it for the<detents .

Because. of ‘the rotor’s small sx'f », one tutn of a
‘flat spiral spring serves to hold the detents'in the
ball. How-long should the designer make the det-
ents and’how far should they,penetrate into the

ball?

Suppoese the detent speing is a beryllium
cupper sirtp 2.505 in. long, 0.115 in, wide and
0.005 iu. thick. This L wound.into a coil 0.65 0.
in diameter when untoaded. Therefore, the rotor
unit will appear approximately as shown in Fig.
10-4, A spring stop is needed to prevent the
spring from walking around the ball,

By taking advantage of the axis of symmelry

through the spring stop, deflections need be cal-

culaled for only two detents. The deflection of
the spring at detent B will.be calculated because
if B can move far enough to release the rolor,
then 1, being closer to the open end of ithe
spring, will also release the rotor. The spring de-
flection at B will be caused by three effects of
centrifugal forces:-(1) the cantilever action pro-
duced at B by the motion of detent 4, (2) the
motion of.detent B, and (3)-the expansion of the
spring itself.

Spring an lysis shows that the radial deflec:
tion of the spring ¥g.at the detent B by a-force
F, at the detent 4 on Fig: 10-4-is

SPRING ' STOP

SYMMETRY
AXIS

Figure 10-4, Spiral Spting for Ball Rotor

TABLE 10-1. .SUMMARY OF CONDITIONS AND CALCULATIONS

General Conditions dctual Values
. Spring | a’, K, “:u{;,
Requirement x . a’ @ Arm inlse g b 1o ‘mmn
( 1)\ <0 very large seil;ack reasonable value  No No V1§,600 0 $9,000
. <0 muzzlevalue setback:  muzzle spin No No 2,500 0 25,000
(2) <0 0 muzzle spin "No Yes | 0 0.300 2,980
(3) >0 < 0’(creep) muzzle spin Yes Yes | -10 0.300 2,520

10-5
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Terms are dedined in the figure. This eguation
can be used for effects-(1) and (2) but a; «,

for effect {2). The third effeet, the expansion of

the spring Y, , is caleulated with the equalion

Y
L Lere {mc\“ (—;-—) } (10-11)
Er? -t

where
E -= Young’s modulus; psi
I, = second moment of the cross-sectional

area, in?

Iy
.

density. of the spring, 1b/f®

t

>

spring thickness; in.

r = radius of the spring loop, [t

Note that F = mrcgw'z for the detent-where
;g is-the radial distance to the ceriter of gravity
~of the detent. Fig: 10-5-8Showstwo-extremes for

“the length of the detent: The> ball dlameter is

0.563 in. and the spring, diameter is (0. 136 +
92:505)/= = 0. 841 dns Therefore, the length of

.détent extending outside of the ball; is-0. 139 in,

The-distance-to.the:centzr of mass- for:the- de’gent}
is :

= (0.281 + 2139 - ':?->; ). in. (10_12)

and

y: (l - 0.139)) in- (10'13)

where | is the length of the detent, in., and y is'

the radialdeflection. of-the detent, in.
‘Since the detént mass is m-= p LA ; the force F
is

) . AW
F=pla, <0.o353 - §> o, b (10-14):

where p is the density of the brass deteit,
Ib/in.3, and A is:the cross-sectionsl area of the
detent, in’ ’I‘hus by combining Eqs. 10-10,

10-6

F - = = D136
SPRING Y DETENY SPRING .+ DETENT
STOP Y B
‘ CsTOP M )
P ) -
s

,/}

4 .
J
SPRING

o 563 g
"\ oiam I

* BALL SPRING ™~ T BALL

ROTOR ROTOR

(A4) Long Detent (8) Short Derent

NOTE-~ ALL DIMENSIGNS IN INCHES
Figure 10-5. Effect of Detent Length

10-171, and 10-12, the-length of the detent can:he
determined as a function.of the spin velocity o
Yps + Ypg + V¢ = Ylw) (10:15)

The foliowing data apply.

@y =120°
' e =.60°
r = 0.0360't
t, = 0.005.in.
p = 531 slug/fi:3
E = 18 x 10°psi:
L= 1,2008°10% inf - i

A = 8.62x 107 ft2 : -

The expression for.l-as a function-of-w becomes

[ ~0.0116 =
90,7361 .~ 10.3812 + 0.00155) w® x 10~
(10-16)

The rotor must not arm at 2525 rpm. Hence, 1
can be 0: 246\ in. The sprihg.has been-deflected
0.432— 0. 650/2 0.107 ‘in. during assembly so
that the detent will not move- until. the spin

‘redches at least 2525 rpm: ‘What spin‘is required. -

with an initial‘spring deflection of 0.107 in. if 1 is
0.246 in. long? According to Eq. 1016, the
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detent will release the rotor at a spin. of 2560
rpm which is in the specified range.

There is one feature that has been neglected:
the torque of the ball rotor squeezes thé detents
laterally. This will' put a ‘friction force on the

-detents, which will hinder Ltheir tendency to

move outward. Therfefore, the spin- must be
greater than the value calculated to cause arm-
ing, or the length of the detents can be less. In

the actual fuze, the detent is ohly 0.208 in.

long which according to ‘Eq. 10-16 would re-
lease.the rotor at 2370 rpim.

10.3.5 ROTARY SHUTTERS

Since the bursting charges of ‘high explosive
projectiles are relatively insensitive to shock, a
comparatively powerful detonation is nécessary
to initiate them. This is provided by a booster.

For example, Booster M21A4 is used in certain

fixed, semi-fixed, and separate loading projéc-
tiles. Fig. 10-6-shows this.booster with' {wo ma-
jor parts: (1) the booster cup which. contains a
tetrylcharge, and (2)-a brass-body- containing-a
tetryl lead and a detonator-rotor assenibly. The
latter prov1des an out-of-line feature-within the
booster in ordér to make it safe, if handled’ alone.
The rotary shutter is used to pivot the deto-
nator into alignment with the other- explosive
elements in fuze and booster. The- center of’
gravity -of the rotor’is not on the-center line.of
the rotor pivot and not on- the-spifi -axis. The

.centrifugal force that is developed will there-

fore ‘rotate the rotor. Detents are~used“to lock
the rotor-in both unarmed and’armed positiofi

The shutter action is described in' par. 6-5.5
andlustrated:in Flg 6-20. The torque caused by
the: -projectile ‘spin is-calculdted with Eq. 6-56.in
wliich the driving” torque term:is~

2 rr sin"s (10?‘17’)

G= mo sTp

where m is the mass of the shuttet, slug; o isithe
angular velocity, rad/sec; ¢.is an angle, rad; and'
r and r are fadii, in., all defined 1 Fig. 6-20: In’

.order for {he shutter.to turn, G must be greater

than .the frictional torque G (after the locking
detents are:removed).

Whén the -angle -becomes- zéro, the driving
torque ceases; therefore, the detonator amust
move into alignment before ¢ becomes zero.

Fig. -6-20 shows the actual rotary shutter.of

-

A=~ BOOY J=ROTOR LOCK/PIN LOCK
0 - COVER K= CENTRIFUGAL" PIN

£—ONIGN SKIN PAPER  L—ROTOR’ PIVOT PIN 1
¥ —ROTOR STOP PIN M- LEAD
6 —DETONATOR N-BCOSTER CUP

© H=ROTOR 0=BOOSTER CHARGE

"1~ROTOR LOCK<PIN

P = CENTRIFUGAL. PIN'LOCK PIN

Figure 10-6. Booster, M21A4.

Booster,. M21A4. Basically, the.shuttér.is.a.disk. . __

with two large segments removed. Tt fits acircu~
lar cavity. The segments are cat out to create an
unbalance so as to shift the mass center to a‘point
dxametncally,opposme to the detonator. This will
insure that the detonator can move- toward the
spin axis. Since these rotors can be sliced from an
extruded ‘bar or-made by -a smtered meta.Ltech-
'mque, it is' not diffizult to produce ‘this: shape

With- ‘the limited space allotted to the rotor,r

:and r will be small (on the order.of 0.1 in.). Bq:

6-56 indicates-the torque required ‘to -accelerate
the wotor: -Suppose the frictional torque effec-
txvely acts at the center of gravity; it will be

Cf = I““ a’r p 1b-ft (10-18)

in which a” is setback or creep acceleration, and

10.7




AMCP 706-2.10

# 15 the weight of the rotor, b, Table 10-2 hiats
the various conditions for ¢ = 0.2

JE.the totor moves, & must be-greater than «
or

o , nLagd R (10-19)
For the above cases, = 0.22 in.and 115"

TABLE 10-2. SUMMARY OF CALCULATIONS

o,k : I T TR A E

2 ¥ . #
Seftack 20,000 0050 0.2 0.008353 L66
-Creep 10 0050 02 000833 833 10°

At what spin will this condition be true? By solv-
ing’Eq. 10-19, w is found to be 550 revisec for
setback and 12 rev/sec for ereep condifions. Thus
-the booster will not arm during setback bat will
arm orce the projectile is out of muzzle. Araing
probably occurs largely in that interval when set-
back changes to creep and g forces arc momen-
tarily zero. -

Tre order to obtain a rough - estimate of the

time to arm, the designer may use the expression.

(b, - ) =2 t? (10-20)
where (¢, - ¢) is the angular dlsp‘act’ment rad,
and the angular acceleration, (b, is assumed con-
-stant for the-time-t. From. Lq 6-56=-with the
conditions m = 0.0016 Ib.slug, ©.= 12,000 rpm,
and.]. = 1.4 x 10° slug-ft*—the uvtxal accelera-
tion ¢ is 0.154 x 10° radfsec?. If (¢, - ¢) =
1.71 rad then ¢ 'will'be 4.5 msec.

Once the arming time js found to be within
the proper order of-magnitude, the designer may
solve the problem by numerical integration or-he

may :build.a model-and test it. Usually a-certain-

amount -of computational work will. be worth-

-while;*however, ‘this- depends-uponshowvalid the-

assumptions are and how closely. the. matheinatics
‘will. describe the actual conditions.

10-3.4 SPECIAL CONSIDERATIONS ‘FOR ROCKET:
ASSISTED PROJECTILES

When .designing fuzes for use with rocket-
assisted projectiles, certain factors need to be
considered. Mechanical time fuzes for these

10-8

wunds require longer run.ing times and might
dndergo angalar aceeleratioa-dearing flight. (while
the timing nechanism is in opersiion). Also, the
levels of setback and spin in rockei-assisted pro-
jeetiles wiil normally be lower, {r the same
runges, than levels for regular serviee projectiles.

In addition fo designing the fuze so that it will
liave Lo sense two different environments before
arnung, special considerations are necessary to
provide safety in the event-of rocket moior mal-
function. Rocket mowrs malfunction if the
motor fires when it is not desired, producing a
projectile with a longer range than planned: Al-
ternatively, the motor may not fire when de-
sired, produciog a short-range projectiie. In-the
former case, asensor would.be desirable to func-
tion the projectile in the air before it passes be-
yond the infended target. In the latter case, it
would be desirable for the fuze to dud any pro-
jectile-that falls short of-the target.

10-4 MECHANICAL TIME FUZES

Mechanical time fuzes are used to provide a
presel functioning time. They are dpplicable to

antiaircrdft projectiles, ‘boml s serto-burst above:

ground, or-artillery projectiles set for air burst.
They are initiated when they are launched rather
than when they sense the target. A large number
of timing mechanisms has be€n employed in
fuzes in the past*. Note.that rocket-assisted pro-
jectiles will' require longer running times and

might undergo angular acceleration during flight
-(while-sthe -timing mechanism. is-in--operation):

For details: of -clockwork ‘design, see par. 6-6.
10-4:1 CLOCKWORK DRIVE

In current fuzes, the clockwork is driven by a
prewound clock-type power spring- (see par.
6-2.8.1):-Older-fuzes in spinning projectiles were
sometimes driven by thevaction of two centrifu-
gal welghts in.the centrifugal field produced by
thevspinning prOJectﬂe Althqugh this drive is no
longer used, it is described here to.illustrate a de-
sign-approach.

Fuze; MTSQ, M502A1,is an, example of a fuze
having a centrifugal drive: Its tlmmg movement is
shown in Fig. 10:7%. The centrifugal weights at-
tempt to'move radially thereby &pplying a torque
to the main pinion which is geared -to the es-
capement wheel and lever. The safety lever plate
locks the.escapement lever in position until the
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HAMMERS =A%
SETTING PIN —Sor ;

SETTING LUG ~—s=".J\

TIMING DISK -~
SAFETY DISK

UPRIGHT_into FIRING NOTCH

WEIGHT
N

FIRING

ARM

FIRING ARM- SHAFT

¢ FHTRIF UG th(:HT

- Lintil RN \ 4!,
, / \ \

o

s

A3V SAFETY '.EVER
2\l PLATE

1

1

|}

O
e

o .
ESCAPEMENT LEVER

FIRING PIN SAFETY PLATE o

Figuie 10-7. Tiiing Movement of Fuze, MTSQ; M502A1

fuze is spun-at a .ate approaching that produced
dunng launchn,. ;he firing pin is sprmg -loaded

but is held: i Pes mon by the firing pin- safety

plate until“the fmvw arm rotates into the firing
niotch on the timing: ~usk A setback pin prevents
premature rotationy oﬁ the firing arm shaft until
it shifts on setbag.‘ The timing disk is rotated
with respect to safet; :disg and'main pinion when
the time delay is set. .pon launching the pro-
jectile, the hammers depress the setting lug.from

the setting pin and the setback pin drops away

from the {iring arm shaft. As.the projectile spins;
‘the saféty lever plate moves-so that the escape-

ment levet is free Lo swing. Release of the es-
capement lever allowsthe centrifugal weights to
move the main pinion (the gear train is free to
move) aid hence to rolate the timing disk.

When the upright of the firing arm indexes
with the firing notch in the timing disk, the
firing arm shaft rotates and' releases the firing

10-9
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pin:safety. plate. The firing pin spring then drives
‘the‘firing-pin into the primer.

10-4.2 DESIGN OF ONE COMPONENT.

The fuze can be-used ouly in spin-stabilized
projectiles because centrifugal force is required
to drive the timing mechanism. The .centrifugal
weights, acting as the power source for the-.es-
-capement: move radially. outward: thereby creat-
ing a ‘torque on the’centrifugal gear about its
center shaft. This, gear forces the main pinion-to
turn. The torque on the centrifugal gear is ex-
pressed in-Eq. 6-56 as:

G“: m(;,?' l's!'p Sih('b (”10'21)

where ¢ is the torque on.the pivotshaft, m is the
mass of the gear segment with its center of mass
at A; the radii. r, and r, are shown in Fig. 10-8,
and d'represents the angle through which the gear
could be turned by this’ torque.

For thls gear, the mass is 0.014 slug; r ;and r i

are 0.48 and 0.16 in., respectively; and ¢ is 135™.

Let us assume -this prolectlle and:fuze are fired.
from,;x 105 min-howitzer with-a- velocity of 22004

fps.dc aspin of 225 rps (see Fig. 5-5). Thls pro-

duces an applied torque of 39.5 in.-lb. The gear’

-ratio is 275 so that-the toxque on the escapement
shaft is decreased to 0.0144 in.-lb. Howéver, be-

MAIN PINION

SPIN AXIS

INTO
PAPER
CENTRIFUGAL ~ CENTRI”FUGALX
WEIGHT. GEAR
Figure 10-8; Centrifugal Drive
10-10

cause there are friction and bearing lusses within
the ger train, only 28% of the theoretical.torque
will appear at the escapement shaft or 0.0040
in.-1b. Since two-centrifugal:gears are always used
in a drive-system of this:type, all torque values
should- be -doubled. This value is of the same
vrder of magnitude.as quoted.in par. 6-6.3 where
the cluckwork escapement is discussed. Particular
attention is given to escapements in thal para-
graph -because they represent the heart of the
clockwork.

The timing. disk .rotates with the mnain pinion
su that the centrifugal gear rotates the timing
disk at-a rate controlled by the escapement lever.
Thus the clockwork measures the functioning
delay becausecthe explosive train is not initiated
until ‘the-firing pin is released. The firing arm is
spring-loaded and counterbalan(,ed to assure that
it will release the fn:mg pin- when the firing
notch presenfs -tself.

10-5 SMALL ARM FUZES

Cal .39 and cal .50 ammunition do not'require
separate fuamg with out-cf-line detonator safety.
The quantity-of explosives and incendiary mixes
used in them is so small and the damage possible
due to propagatlon is mmlmal The chemical
compositions in these bullets react on ‘ifpact.

For example, mcend;ary, and spotting charges:

will ignite-themselves upon impact. Tracer-and
some- incendiary cartridges are ignited by the

‘propellant through a pyrotechnic: delay®.

‘On‘the other hand, 20 tnm and 30 mm rounds

~Yequire-fuzes -havirig all safety features -just-like

la.rger projectiles. There must be two mdependent
anuing -actions?. ‘Small avn rounds differ.from

Taxger cahbers in three main respects:

.(1)- -Obviously, they are‘smaller. The initia-
tion and arming. mechanisms must be compact
because little space is available for-them. Arming
devices most commonly used are disk rotors (see

Jpar, 6-5:1), ball rotors (see par. 6-5.7), and

spiral unwinders (see par. 6-4.2). While .the
booster is: small—because the main. explosive
filler is small—it nevertheless occupies a signifi-
cant portion of the space allotted to the fuze.

(2) Spin rates of small arm fuzes aré higher
than those of larger sizes: Rates of 35,000 to
100,000 rpm are communs

-(8) Small arm guzes are subjected to addi-
tional forces while being fed into .the weapon.
During feeding from magazine or belt into the

oy
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chamber of the weapon, fthe cartridges, and:
therefore the fuzes, are subjected to aceeleration
and impact in both longitudinal and transverse
direetions, High rates of fire require considerable
velocities in the feeding operation that leads. lo
severe impact loading onsudden checking in the
chamber.

Fig. 10-9 shows a typical smali arm fuze, the
20 mm poini-detonaling Fuze, M505A3. The
fuze is used in the M210 and:M56E2 Cartridges.
Its. construction is simpie--consisiing of a fuze
body with windshield, a firing pin thal shears on
impact, an unbalanced rotor that holds the det-
onator out-of-line, and a sealed booster assembly.
The rotor is restrained from tuining by a C-ring
detent that will release the rotor after setback

ceases and a spin.of 70,000 rpm is reached.

<L RING HOYOR- DETENT
IMX BOOSTER /

!
\:nmcf ;

- PERCUSSION PRIMER
SHEAR COLLAR
FIRING PIN

Y ~WINDSHIELD
Y
\pisK ROTOR

Figure 10-9. 20 mm Fuze, M505A3
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CHAPTER 11
FUZES LAUNCHED WITH LOW ACCELERATION

11-1 GENERAL

Chapter 10 discusses examples of -fuzes:under-
going high accelerations during launching, Accel-
erations on the order of 10,900 to 50,000 g and
-rotational rates of 106,000 to 100,00C-rpm are
common in those items.

Munitions having accelerations of less than
10,000 g may be classified together:for purposes
of describing the force fields useful for arming.
-Examples are-rockets, guided missiles, grenades,
and some mortar projectiles. Rockets have ac-

celerations in three ranges: up to 40 g, from 40

to 400 g, and 400 to 3000 g. The last are usually

obtained by virtue of an: assist (gun-boosted-

rockets). Guided missiles generally have acceler-
ations of less than-100 g. Hand grenades have but
a few g’s, and-rifle grenades may experience ac-
celerations up t0,1000 g. On the other hand, the
acceleratxon of mortar prolectlleSJdepends upon
the amount of charge used. Hence, their fuze de-
sign is'more conlplleafed

Therefore, the forces available .to move fuize
components for armifig in mumtlons launched
with low acceleration are smaller than those for
high-acceleration prOJeCtlleS Fortunately, the
time duratlon of this acceleration is compara-
tively long, from two to four seconds in some
rockets. In ‘these rocl’ets, accelerations 6f 90 g g
may be developed at Jaunching. The bulk of the
munitions Jaunched with low acceleration are fin-
stablhzed ‘With-a few.exceptions, therefore, cen-
tnfuga[ forces are not available for arming.

A differentiation will be made between rockets
and guided missiles. In military use, the:term
rocket describes a free fl ight missile, merely

pointed’ in ‘the intended direction of, flight, and,

depending upon a rocket motor for propulsion.
Guided ‘missiles, on the other hand, can be-di-

récted to their target while in flight or-motion,.

either by a preset or self-reacting device within
the missile, by radio command outside the mis-
sile, or through wire linkage to the missile, Note
also ‘that a ballistic missile, while commonly
grouped with- guided missiles, ‘is guided in the
upward part of its trajectory but becomes a free
falling body in the latter stages of its flight

through the atmosnhere.

11-2 ROCKET FUZES

Rocket fezes usually cannot depend upon

.spin for stabilization or arming. In general, the

fuzes in modern high-g rockets atre of the same
general type as those used'in- artillery projectiles.
Arming methods suitable for rocket fuzes are
discussed-in Chapters 6—8. Two- types of rocket
fuzes are mentioned because they are of histori-
cal interest.

11-2.1 HISTORICAL FUZES

A
)

Early ‘rocket fuzes had-wind-driven generators
or were gas armed. Wind-driven .generators de-

-pend upon air flowing past the round while it is

in flight to turn a generator which supplies the
voltage decessary for fuze operations. Wind-
driven generators. were popular for electronic.cir-
cuits contained dn low acceleration, nonspin
munltlons because they were small, rugged; and
had a long shelf life. Howevér, while. thiese gen-

-erators. were theoretlcally very suitable for.
rocket fuzes, they introduced proklems of sealing'
-and position- -dependence i in the round which have

caused.them to be prachcally drcpped from con-

.sideration. The fuze of today is entn‘ely sealed,
‘has no external pull pins or: vanes, and in-many
.cases. can be located anywhere in the round.

Gas-armed fuzes used-the pressure developed
by the rocket motor to-operate some device. For
proper design of such a-system,, one must deter-
mine the available pressure as.a function of time
in nrder to know how long:it would take:to com-
plete a given action. Gas-armed- fuzes can and

have been used-eifectively, but their use.make:
the fuze dependent on the. detailéd motor design

and closure pressure. The tendency is to-elimi-

‘nate fuze mechanisms that can be used only with

one motor and warhead. While it1s true that a
fuze, as such, is designed for.a particular round
and ogive, modern fuzes are becoming .rauch
more versatile. Hence, gas-armed fuzes are now
practicully obsolete,

111
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1122 SELF-DESTRUCTION

Self-destruction: devices -are added to- guided
missiles (and prmectrles) designed :for.defeat of
aircraft. Suchi- devices are to prevent armied-am-

‘munition from fallmg to the ground and:causing

damage-in friendly-territory. The following mech-
anisms, many of whichvare also used for arming

and’ have-been: descnbed elsewhere in: thls hand-

book, are used to provide self-destruction:

(1) An ordinary mechanical time. fuze con-
taining a clockwork that will detonate- the burst-
ing: charge:at the-end of*a preset time mterval if
the’ target range‘is foo short, the missile will ovér-
shoot, in which case the clockwork acts as a self-
destruction device (seé par: 10-4):

(2) A pyrotechnic delay eler it that is usu-

ally designed. to be initiated or.. setback with a.

separate firing' pin; the output of the delay ele-
ment ties.in with the-explosive train' (see par.
4-4. 1):

(3) ‘In case of a spinning rocket, spin- decay

devices may be used; the dévices may consist of”

sequential lever mechamsms (operated by cen-
trifugal. force), of detents -or of centnfugal
welghts that release a sprmg-loaded f1r1ng pin
‘see .par. 6-5).

(4) A barometric device which will 1mt1ate
the weapon when it has fallen belowa predeter-
mined height:

11-3. GUIDED MISSILE FUZES

Guided rmissile fuzes contain an arming mech-
ahism.and an explosive train‘just as other fuzes'.
Howsver, the various fuze compohents may be
separated from the warhead as well as from each
other. The term for the: separate arming dev1ce is
the safmg and armmg (S&A) mechanism. The i ini-
:tiation sources'may be physically. separated from
this mechanism, The S&A mechanism may also
be separated.from the warhiead, the only connec-
tion: being a length of detonating cord or an
electric cable. "S&A. mechanisms are the subject
of a ¢compendinm?.

The guided ‘missile ‘is a large, éxpensive item
with high functlonmg probability required so
that wmultiple fuzing is commonly employed. The
advantage of the multiple paths is that’the prob-
ability. of failure decreases exponentially, For
example, one warhead detonating system of.a
missile consists of two paralleled S&A mechan-

isms, each contammg a detonator. Then five:

11.2

«sion F=kxe

lengths of detonatirig cord- fitted with PETN.re-
lay -caps. connect the output-of these mechan-
isms to: three warheads. Only -one of’the paths

need’ be conipleted for successful .missile zopera-

tion.

‘Even though several-of -the-fuzes described in-

the .foregoing text might operate in guided mis-

- siles, the conditions on these: ‘mechanisms war-
rani designs peculiar to- them alone. At the:
present time, missiles are limited-to-an.accelera-

tion »f about 60.g; therefore, the arming mech-

anism must.be designed to operate with this ac-
.celeration. Although a wound spring might be

used as a source of.power, as-a. general rule any
arming system-that uses stored énergy. is'thought
to be undesirable. Perhaps t the best power source
for these low accelerations involves a time accel
erdtion integrator.

Suppose an arming device is required for a
hypothetical . missile that has the followmg char-

-acteristics: (1) it shall arm when undér.ai- ‘accel:

eration of 11 g if. this-acceleration’ lasts’for five
seconds and- (2) 1t shall not-arm when under. an

acceleratlon less than 1¢g for a period of one
second Consider the arming device shown in
Fig. 11-1. Setback forces encountered. during ac--

celeration of the missii€ apply an inertial force to

‘the. slider. Thus after a specified time, the det-
onator will be-aligned with the booster-and the*

latch will drop down to lock ‘the slrder in the
armed position. If at any time durmg this proc-
ess the acceleration drops ‘bélow 7 g, the slider
must be returned-to its inifial position by a‘re-
turn spring. Becauseé ‘of its- weight, the slider
would move too fast under these accelerations;
hence; a restraining force-is necessary.;It is-possi-

‘ble that a clockwork escapement may be used to

regulate the motion: The following data.and:as-
sumptlons will help to determine the size - -of
springs and weights:. (1) neglect friction in. the
system, (2) a‘tangential force is needed to over-
come the initial restraint -of the clockwork,

(3) the weight t6 be found includes the. inertial-

effects of: the whole system, and (4) the spring is
not stretched beyond its elastic limit.

In order to prevent r motion of the slider under

setback accelerations- less than.7 g, an initial ten-
‘ is given to the assembled spring.
The differential equation of motion can be used
to determine the restraining force £,

.u_k‘:: W= ke - F

z r (11-1)
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11.2.2 ‘SELF-DESTRUCTION

‘Self-destruction: devices are added to-guided:

missilgs (and’ projectiles) designed:for:defeat of
axrcmft Such devices are to prevent arnied.am-
‘mumtlon from falhng to-the giound and: causing
danmge in friendly territory, 'I‘hehfollowm(r mech-
anisins, many of whichuare also used for arming

and have:been desciibed elsewhere-in. this hand--

book, are used to provideé self-destruction:

(1) An ordinary mechanical' time fuze con-
taining a.clockwork-that will detonate. the burst-
ing; charge:at the-end of:a preset time mterval if
the target range-is too short, the missile- wm over-
shoot,.in which case the clockwork acts as a self-
destruction device (see padr. 10-4):

(2) .A.pyrotechnic delay eler it that is usu-

ally designed- to be initiated or.. setback with a.

separate fmng pin; the output of:the delay ele-
ment tiesin with the explosive train (see par.
4-4.1):

(3) In case of a spinning rocket, spin-decay

devices may be used; the d3vices may ‘corisist of'

sequential lever mechanisms (operated ‘by cen-
lrifugal force); of detents :or of - centnfugal
welghts that release a sprmg-loaded ﬁrmg pin
‘see pdr. 6-5).

(4) A ‘barometric device which will mltlate
thé weapon when it has fa len-below-a predeter-
mined-height:

11-3 GUIDED MISSILE FUZES

Guided missile fuzes contain an arming mech-
anism and an explosive train just as other fuzes'.
However, the various -fuze' components may .be
sepatated from the warhead as well as from each
other. The: term for the. separate arming Qevme is
the safing and ar’ming (S&A:) mechanism. The ini-
itiation sources may be physically. separated from
this m echanism. The S&A mechanism may also
‘be separated from the warhead, the only connec-
tion being a length of detonating cotd or an
electric cable. 'S&A: mechamsms are the subject
of a compendinm?.

The guided missile 'is a large, éxpensive item
with high functioning probability required so
that multiple fuzing is commonly employed. The
advantage of the multiple paths is:thai’the prob-
ability of failure decreases. exponentlally. For
example, one warhead detonating system of.a
missile consists of two paralleled S&A niechan-

isms, each conhzlnlng a detonator. Then five:

11.2

lengths of detonating cord-fitted with PETN.re-

lay caps connect the oulputi-of these mechan-

isms to-three warheads. Only one of the paths

need’ be completed for successful missile<opera-

tion.
:Even.though several of -the-fuzes described i in
the foregoing-text. might operate in guided mis-

- siles, the conditions-on theseo mechanisms war-

rant designs peculiar to-.them alote. At the
present: time, missiles are limited to an.accelera-
tion nf.about 60-§; therefore, the arming mech-

‘anism must.be-designed to operate with this ac-
-celeration. Alt!rlougll a wound spring might be

used as a source of power, as:a_general rule any
arming system:that.uses stored energy. is'thought
to be undesirable. Perhaps the best power source
for these low accelerations involves-a time accel:
eration integrator.

Suppose an arming device- is required for a
hypothétical . missile- that has the followmg char-
acteristics: (1) it shall arm when under an-accel-
eration of 11 g if this-acceleration- lasts*for five
seconds, and- (2) it shall not-arm when under an

acceleration less than 7 g for a periéd of one
second. Corisider the arming device shown ‘in

Fig. 11-1. Setback forces encountered during ac-
celeration of the missiie apply an inertial force to

the slider. Thus after a specxfled time, the det-
onator will be- aligned with the booster: and the:

latch will drop down to lock ‘the shder in- the

-armed position. If at any time dunng this proc-

ess the acceleration drops bélow 7 g, the slider
must be returnedto its initial position by a‘re-
turn spring. Because of its' weight, .the slider
would move too fast under these accelerations;
hence, a restraining force is necessary.:It is-possi-
ble that a clockwork escapement.may be used to
regulate the motion: The following data and*as-

’sumptlons will help “to .determine the size - «of

springs and weights:. (1) neglect friction in the
system, (2) a‘tangential force is needed to over-

-come the initial restraint -of the clockwork,

(8) the weight to be found includes the inertial

effects of the whole.system, and (4), the'spring is.

not stretched beyond its elastic hmxt

In crder to prevent motlon of the slider under

setback accelerations less than. 7 g, an initial ten-

sipn F =kx_ s given to the assembled spring.

The differential equation of motion can be used

to determine the restrainiiig force I,
—;55'-.- JW < kx - Fr

7 (11-1)
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Figure .11-1.. Safing anJ.’Ar_m,ing;Mechaqi_sn:«

where ¥ is:the acceleration of the weight with re-
spect to’ the- mechamsm, a’is the acceleratxon of
the mechanism in-g, and k is the spring constant.
By -assuming that the velocity -of the weight
reaches a-steady value qulckly and then remains

.constant. until the arming process is completed a

long arming time can be realized. The expression

for the velocity * may take the form

im, (L-emt/T) (11-2)

in which the velocity is zero at t=0 and ap-
proaches v , the initial velomty, as t becomes

infinite. The time constant of the equation T _

fixes the tifie for'x toreach837% of v .’ By mte-
grating Eq 11-2 to obtain x, dlfferentlatmg dtto
obtain ¥, and substxtutmg these three (x, %,and
x)-into Eq 11-1, F, is-determined as

F = {a] W~ kx, + kvoTc)«- kv t

r

v
_(t ., AR (11-3)
g T,

This équation-contains three terms: a constant

-term as expected, a tlme-dependent term that de-
creases’ to. compensate for the increase in the

spring force, and a transxent term -that is neces-
sary to allow the wexght to accelerate ‘to the
velocity v, . The: txme-dependent force is typical
of the forces produced in-an unwmdmg clock.
Hence,. a clockwork escapement is applicable.
‘BEq.11-3 determmes the design of the clockwork.
With this force fum,tlon it will produce the re-
qun'ed arming delay

At-any-other acceleration «; ‘the.time to arm

'wxll be different. By: substituting: F, in Eq. 1.1

and using a. new:-acceleration- o] , the time o
move the. distance S may be found: by solving the
transcendental equatlon

W ik
S..—-—-(a—a)cos/;t,-—-(az.-a,)

‘-;-(;ITC

o ta v T, (e - 1) (11-4)

Since :solutions of these equatlons are obtained
by interpolation formulas it is- best to: eshmate
slider. weight-and spring: constan*s (note that W
and k always occur as-a:ratio);- then to calculate'

- -arming-time. and adjust as _necessary.

In some fiize apphcatlons, the slider.is made
light.and separate weight is coupled to it with
a-spring so-a$ to cushion the clockwork. against
shock loads. This additional sspring ¢hariges the
equation of motion for the mechanism.

An example of* this type-of mechanism is the

.Safmg and Arming Device, GM,.M30A1 shown

in Flg 11- 2; This device is, of course, much
more refined than the example cited. Some of
the data.for the above example were taken from

‘this device.

“11-4 GRENADE FUZES

11-4,1 HAND GRENADES

-A hand grenade is a munition hurled against
the. enemy. Its functlon is exploswe (blast orfrag-
mentation): or chemical (irritant, incendiary, or
smoke). Unlike projectiles that strike on their
nose, the trajectories of hand grenades are-un-
stable so that the direction of-target impact can-
not be set. They experience no -unique.forces
that can 'be-used for arming, none that are not
also present during normal shipping and hand-
ling. For this reason, therequirements for out-
of-line detonator safety and an independent arm-

ing force have been waived for all past grenade

fuzés: While there are no. present grenade fuzes
having the detonator safety features, it is highly
desirable that a practical detonator safety device
be developed -and incorporated into future de-
signs. Grenades are treated more fully in a sepa-
rate publication®.

Fuze action. is either time (4-5sec) or impact,
Impact action fuzes also contain a 1:2 sec arming

11.3
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Figure 11-2. Sofing.and,Arming-Device, GM, M30A1

delay. and.a self-destruction feature that -will ex-

plode the grenade in 4-5 sec. Since timing accu-

racy is not critical; a pyrotechnic element is.the
simplestand most widely used method to.achieve
delay The explosive train consists of a percussion
primer, an obturated delay element and a flash
detonator or- blastmg cap ‘that wﬂl detonate the
grenade. The détonator ‘base charge ‘nay be

omitted in chemical grenades where the maii

charge is merely igni‘ed.
Since. the grenade’s orientation to the target
at the time of functioning cannot be predicted,

impact action-is difficult-to achieve by mechan--

ical means. With an eletitnc detonator, dn omii-
solve this-problem, Two

trembler switches (F:g 7-1) at right angles to
each other perform the desired action; but this
arrangement:is probably too bulky. The M217
Grenade Fuze (Fig. 11-8), for example, ‘has an
all-ways ball switch. Energy is' proyided by a
thermalvbattery havmg an activation time of 0.5
sec. This interval plus that- of a thermal’ armmg
sw1tch closing in 1.5 sec,, provxdes the armlrg
delay. A self-destruction switch closes in 4.5 sec.
Manual arming of grenade fuzes occurs in;two
steps the operator pulls a safetyxpm (pull.ring)

‘and a safety latch (hand lever).is released when

11-4

the grenade'leaves. the operator’s hand. The.trig-
ger mechanism of hand grenades is similar to. that
of. :the firing .device shown in Fig. 13-5. The
M204A2 Hand Grenade Fuze is shown'in- Fig.

11-4*. An example is given:in par. 13-4 in which.

the desngn features of ‘the striker spring_ are:dis-
cussed

Let us .design. a typical hand grenade fuze
using the ﬁrmg device and: other standard com-
ponents with a functioning delay of 4 to 5 sec.
The énérgy used to initiate- the percussion primer
is-derived from the potential energy H, stored in
the spring and released when the striker swings

H, =GO = [T korde. (11:5)

o
-where.G -is the torque.that is proportional to_the
deflection (= k), and r is the radius arm of the

striker that swmgs through 7 radians (180 ).
Since' r is 0.5 in. and k is 28/7 Ity'rad

Hs, = T a lb-in.= 352 in.-o0z (1].'6)

If the device is 50% efficient. because of fric-
tion, the energy available-as the striker hits the
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‘Figure 11-3. Hand Geenade Fuze; M217

percussion: -delay: -element is: 176: ini.-0z. The-

velocity of impact is nnportant too, but the
speclflcatlgns are not so easily set (see par.,3-3)

A suitable obturated, pyrbtechnic delay is se-
lected in. rogard to time, size, input sensitivity,
and output “The outpiit would be a flash that can
ignite & standard flash detonator. A. standard
blastmg capvwﬂl then be sufficlent to initiate the

'burstmg charge.

11-4.2 RIFLE. GRENADES

It is recognized that the current standard serv-
ice riflé is not designed to accommodate a rifle
.grenade, The mcl@mon of fuzing for-a rifle gre-

nade is for the record and to make.the handbook

complete. Rifle grenades are used by the infantry
to hurl larger charges of explosives longer dis-
tances than can be thrown -by hand. They are
fired from a rifle by use of :a grenade adapter.

-Unlike :those-:for .hand- ,grenades, -the-.fuizes: of
explosive rifle grenades must contain all of the
-required arming features. Fired at a velocity of
about 150 fps,-the grenades are subjected to set-
back accelerations of. 500 t0 1000 g, about mid-
way between hand grenades and small' mortar
projectiles. This setback. force in combmatlon
‘with an escapement timer can serve for arming
safety. Grenades are treated more fully in a sepa-
rate publication®.

Rifle grenades are commonly used today for
HEAT or chemical rounds. Chemical rounds (s1g-‘
:nal or Smoke) are set off by a simple 1g'mter.
HEAT rotinds require a base-detonating fuze
(pomt—lmtnated) to. make room for the shaped-
charge cone in.the nose. Mechanical fuzes (spit-
back- or firing pin backed by ahigh-inertia mass)
are no longer used-in rifle grenades because of
their low reliability and slow action. The best
‘design -is.a piezoelectric nose element that ini-
tiates an electric base fuze (see par. 3:4.3.1),

11:6
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SPRING. 11-4.3- LAUNCHED GRENADES

—PULL A.grenade launcher has a function similar-to
‘RING that.of: a rifle-grenade, -namely .to propel a gre-
nade farther than it can bé thrown ‘by hand:
‘Grenade launchers 'have a range of -about 400
ST RIKER meters, The launcher. differs. from-the rifle in
“ assemsiy  that it also-imparts spin:to:the grenade; Ilence,

agrenade launcher. o

Fuze, PD, M551 (Fig. 11:5)is used for: gre-
‘nades launched. from the 40°'mm.-XM79 Grenade
NON=GASEOUS =~ ¢ y

-POWDER S s oo Lo . ST

‘DELAY:CHARGE R : requires-the following-four-actions to.arm:
' : i (1) The-sétback pin retracts froni the rotor.
-against its'spring retainer due.to setback, and the
pin locks into' the.retainer at the 4 leaves, in.the
‘rear position.

(2) The hammerweights of the wagon-wheel
centerplate assembly pivot: outward against the
‘hammerweight spring’ under -centrifugal force
allowing the- firing pin and spring assémbly. to

push ‘forward on thé push.pin, thus disengaging

Figure-1i-4. .Hand Grenade Fuze, M204AZ . the firing pin from the rotor.

—~FIRING PIN & CENTRIFUGAL LOCK-
‘SPRING. ASSY" "~ "8 SPRINGS

STARWHEEL ‘ HAMMER WEIGHTS
/i

" LHAMMER. WEIGHT SPRING -
\ \-CENTERPLATE
LDETONATOR

SPRING RETAINER—
. 'SET BACK PIN:
| ROTOR GEAR-

Figure 11-5, :Grénade Fuze, PD, M55]
11.6

both setback -and-spin can be used for arming in-

‘Launcher. It functions byimpact or graze -and
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(3) At 3000 to -60C0. rpm the centnfugal:
force is suffxuent to cause'the centrifugal lock to
compress its spring and unlock ‘the starwheel;
‘thus allowmg the eéscapement to-operate,

(4) The rotor spring rotates the rotor:gear

-assembly (contammg the detonator) into the
-armed position, -but its: movement is. .slowed”

down. by the vefge through-the scarwheei -and

pinion assembly. The verge: osculates w1th ‘a
:regular ‘beat governed by. sits welght)and rotor
spring, torque, -releasing one-tooth of ‘the star-

wheel on-each- oscillation. This dction provides
an-arming-time of 66 to 132 msec;. correspond-
ing-t0-60 to 120-ft in range of ‘the-lemperature-
extremes.

Upon ifipact, the hammerweights pivot inward

“due to themmertla and strike the-push:pin-which
4in -turn; strikes -the - fxrmg pin. The Hiring-pin initi-

ates. the ‘M55 Detoiiator - :causing detonation in
turn of the booster. On. graze 1mpact one
hammerweight provides: sufficient energy to-ni-
tiate-thé detonator
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CHAPTER-JZ
’;BﬂMB FUZES

121 GENERAL -

A bomb-fuze, like other munition fiizes, must
arm atan appropnate time after release and func-
tion at or near the target. However, certam pecu-
liarities arise'from the. followmg considerations; -

(1) The bomb is droppe'.l ‘rather- than pro-
jected, usually from fast flying aircraft.
¥ (2) Bomb ‘fuzes- do-not experience ‘sethack
forces.

(3) After release, the bomb-follows the air-
.craft closely for a short-time.

4) A'large:risk to. personnel and materiél is
involved in the dehvery of-a-homb to a target.

(5) Two and sometrmes three fuzes.are war-
ranted. to-increase the probabﬂrty of furiction-
ing.

(6§ 1If:an electric power .supply is- used, ‘it
must be -of a type that will operate at the low
temperatures encountered at hlgh altitudes.

{7): Bombs released in. clusters may experi-
ence Cross detonatlon, if prematurelv set off,

These considerations account for some differ-
ences 1n f1ze actions compared to artillery fuzes.
In tum, ‘the action affects-impact, time,-and spe-
cial bomb fuzes. Additional information on bomb:
fuzes is contained<in bomb manuals' and a cata
‘log on-air-launched weapons fuzmg

12:2::FUZE ACTION

Fig. 1:4. illustrates-a ‘typical ‘general purpose
bomb. 'Nose and tail fuzes are shown and the im-
portant parts are 1dent1f1ed A transverse or body
fuzeis not shown on the drawing because it.is not
used in this type of bomb. Attention is directed
particularly to axming wire and arming vanes.

Bombs are commonly armed by a vane.-Ex-
cept for clusters, functioning action is the same
as that for other fuzes.

12:21 THE'ARMING PROCESS:

_ When a bomb .is carried in-an aircraft, the
fuze arming process is held in abeyance by one
or mote aming wires, One end of the wire is at-
tached by a swivel loop to a paw!lon the bomb

rack. “Fhé-other end is threaded through: the arm-

-ing vane so-that it prevents the vane from T0-
tating. Whien the bomb is released, the wire bemg:

attached to the ’;omb rack is. w1thdrawn ‘from the
fuzg, fhe vané:is> free to rotate in the air stream,
and the arming process.can begin. Thxs feature

gives: -thie- vane-actiatéd mechanism a .definite

advantage over a clockwork - ‘because the clock:-
work is only held. moperatxve by the -arming:

wire. If it becomeés necessary to:jjettison"the

bombs, th2 arming wire i not.withdrawn: from
the fuze'but is allowed to fall’ ‘with the:bémb.
‘While the arming -process appears straight-
forward and is usially, successful, certain difﬁ-‘
culties may-arise and steps must. be.taken to min-
imize their: dangcr ‘the wire may break ‘before

.thé bomb is released so that the part relnammg
in the fuze-will prevent its arming; the wire may

not be securely attached to the bomb rack so
that it falls -with the bomb, and-when the bomb

is/jettisoned, the wire may caich on the aircraft

and.be withdrawn- unmtentxonally. On:-the other

‘hand, air. mtegratmg zero-g devices could be used

that would operate wher the.bomb is in free fall,

‘Suchsa device :must be. capable of dlfferentlatmg
bétween free fall.of thé bomb and free fall of the:

aircraft with. bomb

Fig. 12-1 shows the trajectories of a bomb
after release from .ait aircraft in, honzontal flight
at various speeds. Parameters commonly used
are indicated -on. this figure »nd are defined as
follows:

(1) SVD: V
‘Safe vertical drop, SVD, ‘is; the-vertical:
distance ‘below release altltude in' which the
fuze must be safe The distance along the. bomb

trajectory to- this- -point is-called-minimum safe

air'travel, or Min SAT. Hence, SVD is, the vertical
component of Min ‘SAT. The arming zone iz that
part of.the bomb trajectory:i in- whlch the-arming

-process is completed Even for fuzes of the same-

type, the armmg process is not complete at tha
same ,)omt in. the trajectory. This spread 18 Cre-
ated by the existence of manufacturing toler.
ances and the variations of speed and altitude of
the pl:me at the moment of release.

121
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Figure 12-1. Bomb Trajéctoriés

(2) MDA: )

The maximum- drop to arm, MDA, is the
vertical dlstance below release altitude:at which-
the fuze: mv st be armed.. THe minimam release
aititude, MRA 1s a minimum alntude at which:
the ‘bomb may be released and stdl have -an
-armed fuze upon arrival atthe target it is the
.same distance as MDA,

An inherent disadvantage of.basing arming de-
lay directly on air travel is shown on Fig.'12-1.
Bomb trajectory depends upon aircraft speed, the
greater thé- speed the flatter the trajectory.
Hence, arming.measured by air travel-does not
‘provide consistent safety distances between bomb

=3
)

.and plane. However, the vertical dropisa direct

function of time, practically indepéndent of
plane speed. For this reason an arming delay sys-

tem based on. time. instead of a1r travel is -de- ‘

sirable. Such-a system is readlly obtamed by at-
tachmg a constant. speed governor. to the fuze
mechanisni. Another method involves construct-
ing the vanes with flexible blades so that thEV
tend to rotate at a constant, cpeed
The trajectories shown in Fig. 12-1 present the
-simple case where bombs are dropped’ fromi an
aircraft i1 horizontal flight. It‘is common; how-
ever, to forcibly eject bombs when the plane is'in
a dive. For this condition, the initial bomb veloc-
ity due to ejectiori—on the order of 5-10 fps—is
another factor to 'be considered. Also, vertical’
drop time is. now no.’longer. independent of.

122,

trajectory, and altitudes.

m— Py ~ B -

plane speed and; trajecbory ‘Fig. 12:2% displays
an example -of -this :complex situation- where
time of flight is d function o£ release .angle,

1222 THE FUNCTIONING PROCESS

A-bomb fuze:functions like any othér fuze. If

it is deésired to detonate ‘the bomb in air, the

-parameter-uséd. may 'be time, barometric .pres-

sure, or target stlmulus (Proxumty fuzes are

the-subject of -other, handbooks ) If a bomb is:
to be detonated at- the moment it first contacts

thé target, this i is accomphshed exther by means

* ofa=striker-or.‘by--the-inertia- .of-50me movable,
‘component. If penetration is desired, & delay

feature is built into.the fuze.
As-in projectiles, the nose fuze in a bomb may

‘be ‘designed. to functlombefore, at,.or after im-
pact. A combination of nose and tail fuzes-is
-often used-to insure detonation- of the bursting

charge. qu }example,*a typical combination con-
sists of an. impact nose fuze having-miechanical

‘time- action and a- nondelay tail fuze having im-
-pact ‘inertia action.. Wlth this -combination, the

nose. fuze is expected'to function in the air after
the expirdtion. of a certdin time interval. ‘But:if
nnpact occurs betcre thé mterval -expires, the
firing pm will“initiate the nose-fuze: Further, if

:the nose fuze fails, the tail fuze will be.initiated

on impact. Nose and tail fuzes.used:to supple-

‘ment- each-other:in‘this-way=are-known:as com-
panion fuzes. In the-case of certain:very large-

bombs; three :fuzes of the-same type-are some-
times émployed toinsuré-initiation.

10000~ RELEASE ANGLE;de5 40/
8000}~
§
2 6000{—
5
<
¥ 000}~
o
2 (p ~—BOME RELEASE:
g4 # & e amrane mrLOUT |
2000/~ 4 e CONSTANT TWIE OF FALL
. 400 XNOT3 RELEAE VELOXTY
% 2000 4ooo ) oooo to.ooolzooouooo n.ooo

RANSE,

Figure 12-2. Typical Bomb Reléase Curves
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12:2,3 CLUSTERING

‘Clustering accomplishes two.purposes. First,.it
enables an aircraft'to carry its fill.bomb’ load:re-

gardless. of mdm(ludl bomb size. For example a

-certain plane is desngned to carry two 1000- lb
’bombs [n order to carry the same weight. of
100-ib- bornbs, ‘thése smaller bombs- can be
grouped: into two clusters of 10 bombs- each
Secondly, clustermg alsc~ -provides a conveiient
means «of .releasing bombs for -arca bombmg in
(_ontmst to pombbombmg

Cluster bombs.are held together and suspended
‘froni the nlane by means.of-a: cluster‘adapfer The
-ad'\pter may..be designed to. open’ lmmedlately
-1pon release from the planeé or aftera delay. Us-
ually, a mechanical time fuze thh its: as.,omated
arming. wire opens the adapter. Each bomb in
‘the cluster is eqmpped with its owh fuze, the
arming of ‘which .may be started by withdrawal

of an arming wire, by opening of a fuze vane-

lock,’or by. other means.
12-3 IMPACT FUZES'

Impact fuze is a term used for, bonb fuzes just
as for other fuzes. The tactical purposes of-bomb
‘fuzes® are depicted in Table 12-1. The genéral
categories of detonation when- approaching,
when contacting, and. after-impacting the target
are also typical of other items of ammumtlon

Bombs 4o not strike the ground at 90° hut al-
ways at a smaller. angle dependmg upon release

-altitude: and aircraft velocity. Table 12-2-gives

apprommate striking velocities and angles for
two altitudes and several bombs. This table indi-
cates that the fuzes must be initiated at.an ob-
lique:impact.

12-3.1 SUPERQUICK OR SHORT DELAY.FUZES
12311 A Typical Fuze

Short delay fuzes are exemplified by Fuze,
Bomb Nose, MOO4E2 (Fig. 12-3)' *, Operation
is described as follows:

-Rotation of’ -,he vane (1) drives-the governor
drum and spmdle assembly (2) directly. A gov-
-ernor spring (3) holds centrifugal weights in con-
tact with this drum; design of spring and weights
provides for a governing spéed of approximately
1800 rpm. This motion:translated through a gear
reduction rotates the arming stop (4). Drive lugs

of the arming. stop rotate-the striker body assem-
bly (5) that in turn drives the striker. pin aid

guide assembly (6): Arming delay -is: determmed‘

by:the arc through. which:the striker body. assem-

‘bly must rolate before it.indexes.with the index

stop (7) At this time, the striker. body spring.(8)
farces the strlker body assembly forward:lo make
contact with the bottom. plate :oh :the arming
stop. lmmedlately uhereafter, a striker ball (9) is
forced by spring action into the void above the
stnker pin.

At the same time, a longitudinal slot in the
striker.pin guide- indexes with the rotor release
plunger {10} allowing -it to move forward by
spring dction. This.frees the.rotor-assembly.(11)
to rotate by springsaction bringing the detonator
info line with the rost of ‘thé explosive train. A
detent (12) lOCko the rotorin the armed position.

Subs_equent impact on thé nose Qf the fuze
shears‘the lugs holding it'in position.allowing the.

entire nose assembly tc-move rearward. ThlS mo-
tion forces the striker body assembly against the
striker' pin which insturn initiates the explosive
‘train.

Various arming delay times are selected-by de-

-pressing .the index:lock pin (13) and rotating.the

nose assembly as a unit. This establishes the arc
through which the striker body assembly. must ro-
tate before it indexes with the.index stop. A min-

imum arming setting of 2 seconds i is provided by

thi “index ring (14):
saperquick ‘action. and functioning:delays of
0.010, 0.025, 0.050, 0.100, and 0.250 sec:are

-selectable by inserting-the proper'Delay ‘Element,

M9, -in the fuze cavity just aft.of the striker pin.
This is a pyrotechnic element, shown in Fig. 4-7,
which contains Primer, M42, a pyrotechmc delay
column, and an Element Relay, M6.The output
of the ele'pent flashes into an addi ;ona.l lead
azide relay:and thence into the detonator,

2312 Cear Trains

Gear trains are needed in bomb-fuzes because
the power source for the fuzc is a-high speed
propeller-Normally, the propeller vanes turn at a
high speed with a governor used for regulation.
The rotation must be transferred ‘to low speed
arming shafts that actuate restraints on the arm-
ing-mechanisms:.

When designing a gear :train ‘for bomb:fuzes,
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e TABLE 12-1. TACTICAL PURPOSES OF BOMB- FUZES: ;

= Bomb apbsiti(;yl' Re Ih,tviueﬂ Characteristic Position of ‘Possible Type .

¢ ‘to Target at:Detonation Functioning-Delay. Fuze in Bomb- of Fuze _ ;

“é? "~ Approaching. = Q@ (Airburst.‘before: Nose or Mechanical: Time .
RS / -euntact)- Tail- ‘

3 — Nose Proxiriity )

% First ‘ i :Mm;‘mun} o Nose Impact—SQ :
‘Contacting (instantangous) - (instafitaneous) *
1 “Tail Impact inertia— .
4 ‘nondelay .
: Penetrating, §é _ Short Nose Impact— ‘
‘Bouncing,. or- ) short delay
Resting in . )
. -Contact Tail “Impact inertia—
7 with: T short delay
4 2 S
—‘?ﬁi—:- ‘Mediim. Tail Impact inertia
triggered—
‘medium aéelay
-7 Long Tail “Impact” chemical ;
‘ or’ mechanical
. triggered long
: delay
_ Plus, antiwithdrawal
l “TABLE*12-2; ‘BOMBBALLISTICS®
All released from an aircrafl at 400-miles/hour
Altitude 10,000 Feet 95,000 Feet
Strikir}g Angle of Striking Angle of
Weight, Ve locity, Impact, Velacity, Impact,
Bomb No. lb fps: o fps: o
AN-M30 100 750 61 850 72 ‘
AN-M57 250 800 59 975 72
AN-M64 500 850 55 1050 69
, AN-M65. 1000 850 55. 1050 64
AN-M66 2000 8175 55 10506 68
AN-M56 4000 850 .57 1050 69

the following factors are important: gear ratio of
the train, torque output desired, space allotted;
friction ‘Josses, manufacturing costs; and mate-
rials to be employed.

12.4

The gear ratio is usually large, about 1000 to
1, so that multiple: pairs of spur gears are indi-
cated. Since there cannot be less than six teeth
on pinion gears for efficient operation, an upper
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Figures12-3. Fuze, Bomb Nose, M904E2

:limit is placed upon:the gear ratio. Space may be
saved*with internal gears, but:they are more-ex-
pensive and require more complex mountings

‘than spur g'éa”f trdins. Heénce; theiruse should be-

!lumted A main shaft and a countershaft can.be
arranged with identical pairs-of gears: and pinions.

The-spur gears are designed with these criteria:
(1) metal gears satisfy the 20-year shelf life re-

qulrements better than plastic or fiber. gears;. -
(2) stampings are satlsfactory for gears because:

their-life span is short;’(3) involute tooth con-
toursare .considered better than cyclmdal tooth
contours by some desigriers, however, the relative
~v1rtues are,.still .unresolved. Gears of standard
pltch ‘eliminate production bottlenecks.-for the
manufacturer, In general, many of the design
considerations are similar to those used for clock-
works discussed.in.par..6-6.

The M904E2 Fuze contains' a gear box be-
tween governor .and- arming .stop assembly (see
Fig. 12. 4)l », The first gear speéd is limited to
1800 rpm. A 240 rotation of the Iast gear is de-
siréd for a maximum armmg delay of nearly 18
seconds, These data requxre a gear ratio on.the
order of 1001:1. The use of. intégral gear ratios

.of 3,3¢3,3,3,4 produces an overall ratio of 972:1.

Five identical pairs and a last internal gear can
be fitted into the two-inch cavity. For a gear
ratio-of:3:1 the- spur-gear-can-be-%-inch-angd- the
pinion ¥%:inch. A safe value for the face width of
the gears can be computed from the Lewis
formula which assumes that the load F is spread
evenly across' the tooth face

bF
A Tk A :
Sfpd (12-1)

where ¢, is the allowable n~rmal stress, psi;S; is

a safetyvfactor (say 3); b is the tooth face width,
in.; py is the diametral pitch, in.; and: Fy is the
form factor for the tooth (approxunately 0.1).
For brass, o o, is about 25,000 psi so that with
Fg = 3 lb.-.the face width will then.be 0.055 in.
Usually the plmons have a wider face (150%)
than the spur gears to prevent the'teeth from be-
coming malaligned axiaily.

12-3.1.3 The Explosive Train

"The explosive train of a bomb fuze is designed
to convert the target impact forces or the results

12.5
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. Figire 12-4. Gear Assembly of-Fuze, MOJ4E2

of target influence into a détonation-that will ini-
tiate the burstmg charge of the’ bomb. This isithe
same action that is requn‘ed for: .any other fuze

explosive train. Specifications ior bomb fuzes.

commonly. require that a functlomng delay -be
incorporated into the explosive train. One'bomb

may be used against many different targets-and’

its effectiveness against éach target often depends
upon the functioning delay. It iscconvenie:it to
-provide:plug-in delay elements to make the fuzes
more versatile,

Dexay is usually achieved by pyrotechnic
means. A prinier is needed to initiate the delay
element because it requires mput energy. in.the
form of flash or flame. Further, since deflagra-

tion of the delay element does not. produce a:

flash that will initiate -a- detonator, a relay. is
needed to- amphfy the  output of the delay-ele-
ment Of course; the detonator is- requlred to
produce a_detonation wave. A booster is neces-
sary to enlarge the detonation wave for reliable
initiation of the’ high_.explosive bursting: charge.
Further, a lead is useful to guide the-detonation
wave’into the booster. These components (firing
pin, primer,. delay, relay, detonator,.lead, and
‘booster) form the explosive train..

A.designer might.start his work at the.output

end of the train. The size of the booster charge is

determined from emnmcal data For the MOO4E2
Fuze, 1100 grains of’ wtryl pressed at 10,000 psi

12:5

will be. sufficient if used .as a cylinder with a:
‘length to diameter ratio.of 3: A This-makes: the
cylmder 2 in. long; (density, of tetryl is G: ()562
Ibjin? ): It.i is-usually convénieqt to'make up-the
booster charge of two or three-pellets, The cup
may be made of+aluminum because-it:.is:edsy-t6-
form, is readily available, is: llghfr will protect the
tetryl against effects of°rough: handhng, and’ i
compatible with tetryl (see Table 4- 2).

The mmatmg input-requirément.for tetryl isa
-detonation-wave that is: prov1ded by-a detonator
A detonator is sensitive to_ shock and’ heat, soiior
safety, it must be placed - out of” line with:tie-
"booster. Thus it will: be tield.in a movable part
-and shlelded from. the booster charge until the:
fuze.is armed A large thick plate is used:to sepa-
rate them, as shown on Fig. 1251 . When the
detonator swings into ahgnment there will be a:
large gap (the thickness of the shleld 0.30, m)
between it and the booster Whila possxble in
-some. desxgns, it'cannot be assumedcthat thé out-
put. wave from the detonctor w1ll carry across
this.gap and rehably initiate the booster charge.
Hence, a tetryl lead (same explosivé as booster
charge) is.added to eliminate part of the gap.

It isnecessary to. center .the lead' over. the
Logster face. Approxxmately 15 grains-of tetryl,
with a specific gravity 6f 1.45 to 1.60 encased in-
an aluminum cup is sufficient. A slight. gap be-
‘tween detonator and lead-is desirable in ofder to
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Eigure 12-5. ‘Explosive ~Train'of‘Fuze, M904E2
raise’ the. reliability of lead mltlatlon \see par.

4-2). -A-gap .of as much as 0.060 in. will sujt this'
case as-a first’ trial. Tests will dictatecany change.

The detonator must:be sensitive and. initiated

by flash; hence, it will contain. ah. igniting. mix-
ture, a primary explosive, and an explosive simi-

lar to ithat in the lead. For the detonator.to it

into the arming rotor, it cannof ‘be-over 0 4 in.
long. It should have a length to dlameter ratlo of
about 3:2 for proper propagation: of the deto-
nation wavé (see par; 4-4.4.2). The. M35 Deto:

fiator meets these require nents The, alummum»

cup is 0,370 in. long by 0.241 in. dxameter It
has a base charge of 200 mg_tetry}, and a primary
charge of 266 mg lead azide.

It.is convenient to have the plug-in delay ele-

ment contain primer, p'yrotechnic delay column,

and relay Delay Element, M9 is such a unit (Fig.

4=7), Actually, it'is six different-units, dependmg'

on the. delay. {nondelay, 0.010,. 0.025, -0.050,
0.100, and 0.250 sec}. The primer-is a.standard

‘Percussion Primer, M42, and the relay-element.a

lead azide relay similar to- the M6: Zirconium/

‘banum chromate delay composxtlon is used for
the. delay, .added between pnmer and relay to

make up the. component which ‘is stamped and

coded as to delay for-easy ldentlfxcatron Alock-

ing: pin-is added to the fuze to,onent this-com-
ponent ‘in the proper position in order to mini-

mize the possibility of the fuze being: mserted:

into'the bomb without.this part.

On target impact,. the frangible -hose of the:

fuze’is crushed so that the striker’hody is dnven

‘rearward forcing the striker'pin into the primer.
For this percussion primer, the firing pin has a

hemispherical point to fit the anvil of the primer

(see par. 3:3. 1). It should be made ef-steel: {0 re-

sist bending or compressitn during targef: pene-

o3 ~ R L P [

tration. A shear -wire is used to hold the:pin in
place prior to targst 1mpact

12-3.2 'DELAY- FUZES

‘Delay fuzes are made-so- thaf, pyrotechnlc de

lays may be mserted in the explosive train as. de-

sired. 'I‘hey are. usually in the tail or mldsectlon
of the bomb for protection: during impact.. Fig.
126 illustrates Fuze; Bomb Tail, M906' **. The
operatlor is descnbed in the paragraphs whrch
follow:

*12:3.2.1 Fuze:Operation:

‘A drive: assembly actinig through a ‘flexible
shaft rotates pinion and-extension assembly- (1)

.at a constant speed of- approxunately 1800 rpm:

This motion: drives the plunger release screw (2)

.directly, which withdraWws- from the plunger as-

sembly. (3) freeing it to move longitudinally upon
sufficient deceleration of the fuze: A creep
spring (4)- prevents the plunger from moving be-
cause of velocity changés of thé bomb.during.free
fall.

As the plunger release screw rotates, the rotor
release screw assembly 5)% bemg keyed to-it,
withdraws. from: the rotor cavity. allowing the
rotor (6) to move by spring action thus bringing
the detonator into line with. the rest of the explo--
sive-train. This occurs approximately 0.4 sec be-
fore release of the plunger A detent (V) locks

the-rotori in-the-armed:position:
Impact then causes:the plunger assembly to

move forward until an annular groove in: it in-

dexes with a steel -ball (8). The spring-loaded’

firing pin‘ (9) then forces the ball into:the. groove
and is thus freed to be propelled into the primer.

‘This- particular fuze has a desirable safety fea-
tiire. An .inspection window. (10) Judlclously
placed .serves- to .indicate whether the fuze is

safe or armed. The flexible drive‘shaft drives the:
spindle from which the plunger release screw is

turned. As the plunger release turns, the gear
moves away from the wihdow.

A Delay Element, T6, lodded ‘to give cither
4-5 sec or 11-14:se¢ functioning delay, is inserted
‘intothe fuze cavxty just' forward.of the ﬁrmg pin.
This delay element contains a primer, a pyrotech-
nic delay colurin,-and' a lead azide. relay- charge,

The output of this delay element flashes into an:

addltmnal relay and thence into the detonator.
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Figure 12-6. Fuze, Bomb-Tail,:M906

This unit is similar -to Delay Element, M9,
-shown in Fig. 4-7.

12-3.2.2 Drive Assembly

The fuze-arming mechanism is driven through
a flexible shaft by Drive Assembly, M44, in“the

tail- fin of the bomb. Since the-fuze can-be-used:

on many sizes of bombs, this arrangement allows
as required by various tail fin assemblies. Three
different lengths of flexible shafts cover, the nec--
essary range of bomb sizes.

The governor is the same as that in Fuze,
M904E2, Figs. 12-3 and 12:4. A closeé-up of the
governor-is shown in Fig. 12-7. Vanes spin the
internal drum which. erigages one-piece die-cast.
aluminuim weights. :At ‘the proper speed-(1800:
rpm) the weights disengage from the drum under
the influence of the centrifugal field, thereby
preventing further increase of output shaft speed.

The.governor spring is-made strong enough-to:
hold’ the weights in céntact with-the internal

‘drum-at the desired speed. Note that,the centrif-

ugal force upon the.parts increases as they move
radially outward. The equation of motion for
these parts.at.a constait.spin velocity w.is (see
par; 6-2 for terms)’

nF = (mof ~ k)r

(12-2)
12-8

drive and fuze to be. separated.different distances.

where ris the radins to the céntrifugal weights,
To release the-rotor, ¥ must be:positive.so that
nw? > 'k, For.the drur to grab the.rotor, ¥ must

‘be heégative or k> rw® . Therefore, thé grab
‘speed is' less. than the release speed. Thus the

grab.speed.is the:proper one to use in-designing
the governor. ' ‘
The spring will'stretch because it is in the cen-
trifugal field. Hence, this factor must alsc be con-
sidered in-designing the spring. The assembly is

‘broken déwn int6 parts, their masses determined,

and ‘the centrifuga) forces. calculated, to deter-
mine the initial spring tension. The, spring is de-
signed as discussed in pars. 10-2.1 and 10-3.1.
12.4. TIME FUZES: -

Time fuzes mey be used to function bombs in

SPRING

Figure 12-7. Constant Speed Governor.of Drive;
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the-air. An- explosion abéyé lhe;érbuhd‘c}eates
an-area of greatest lethality for ground troops
and’ for-soft surface ‘targets. The newest fiizes

-use ‘tinming :gievfgés for both @mming and func-

tioning-processes.

~ 12:4.1 OPERATION

Fig. 12:8! illdstrates Fuze, Bomb Nose, M198;.
that contaifs a.tirher for both arming and firing:
_processes. The parts operate as follows; Upon

release. ‘from -the -aircraft and’ consequent with-

drawal. of armifig wire, the arming pin (1) is-

i - R [

ejected allowing: the: firing- pin-(2). to-move for-
ward: cut of the slider. cavity. This motion per-
mits the T5 movement assembly to-start. Simul-
taneously, the vane-(3) is freed to.rotate, Then
(a) ARMINGIS'ACCOMPLISHED AS FOL-
LOWS: :Rotationi of the.vane drives the governor
drum (4).directly. & governor spring*(5) holds
centrifugal weights in.contact:with-this:druim;.de-

sign. of -the spring and- weights ;provides for-a-

governing -speed. of ‘:approximately: 1950"rpm.
This.motion translated -through-a gear reduction
(6) drives the arming geay (7). The arming:delay
is determined-by-the arc through which'this gear

3 C 5 G
REMOVE WITH COTTER PN |.
- ti . AFTER"ARMING WIRE HAS *
2 SEEN INSERTED IF BOMS 13
1Y ot oROPPED, REPLACE -
COTTER PIN AND SEAUNGE
e WIRE SEFORE RENOVING
o ; __ARMING WIRE,
A Y d
(10),
Y TR N 4
y N 5770 N
3 R e AN \ ~
sy S A INN A
T 7 z
) bl % ¢ »
InEnen N c ]
v_"F‘I \ & BN N s
N . y N
v - 3
/ N
0
9) e > .
A B)
8 7 i4

-

| — ARMING PIN 8 — ARMING STEM- |

2= FIRINGPIN

3— VANE

4 —~ GOVERNOR DRUM
15— GOVERNuA $SPRING
6 ~ GEAR~REDUCTION
7~ ARMING GEAR

9 — SLICZR.
10~ PRIMER

A= DETENT
12— 0ISK ASSEMBLY TS,

{3 ~TIMING DISK LEVER

14 ~FIRING PIN'SPRING
'RE TAINER-

SECTION AA

END VIEW

Figure 12-8. Fuze, Bomb Nose, Mi98
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must rotate t6-'index ‘a ‘notch. in it with the:
-arming . stem (8) The stem thenamoves Torward-
.and allows the slider 9) to move by springaction
bnnsms the primer .(10) into line with-the. fmng
.pin:dnd- l.he rest-of -the: exploswe tram A:spring
‘loaded detent {11) then:drops iiito a hole:in the
slider. and holds it.in the armed position.

(b). FUNCTIONING I8 ACCOMPLISHED
AS FOLLOWS Ejectlon of the- arming: pin. re-

_.moves 8; prOJectlon -on it from: a slot.in:the Disk
Assembly, T5 (12) “‘allowmg ‘the movemer\l; 1o -~
Start. Startmg is-assured:by-a spring- loaded mam-

ber (not shown) which sweeps across the escape’
wheeleunpartmg thotion to-it. The- timing disk
‘lever.(13)rids- the penphery of‘the disk assembly
untxl the.notch ifi.the disk from' which the arming
‘pin was eJected mdexes w1th the lever. The sprmg-
loaded lever then drops into the slot- releasmg ax
system of levers: which i inzturn releases-the spring-
Joaded retainer ﬁnng pm spnng,(4) This retainer
then rdnves the firing-pin into the primer. firing
the tuze. The functxomng delay-is determined by
the. arc through which the Disk Assembly, T5.
must :rotate. before the system.- of levers is ac-
tuated.

The functioning. delay may::be set in 0.5 sec
‘intervals ‘between 4 and’ 91 sec. This'is accom-
~pllshed by rotatmg the head and beanng housmg
assembly relative o- the ‘body assembly. The arm-

_ ing delay is automatlcally -set-at about half the

functioning. delay.

12-4:2° THE ARMING PIN

"The-arming pm must be.removed before the
disk assembly can turn. Fig. 12-9 shows the- de-
tails of the arming pm assembly. The arming pm
is-held by a cotter pin during shlpment and in-
stallation in the bBomb rack. The initial spring
load on the cotter pin:¢an be calculated:from the
equation for a‘helical sprmg given in Table 6-1
and by using Fijg: 12-9; it is founid to be 3:53 1b.
The shear stress on the pin is then 580 psi which
is well within normal limits.

Computation: of time to aim _i§ based on Eq.
6-3 without friction or ‘on Eq. 6-6 with friction..
It. one assumes neghglble friction, the minimum
time ¢ for the arming pln £0 move a dlstance Sis
then obtained'(see pars. 6-2.2.2 and 6-2. 2.3 for

terms)
M %, =S
= [ ot —
£ / P cos xp, (12:3)

12-10

o

“The mass, 6.34 x 10‘ slug, is calculaled from

volume and densxty, ‘the- spring constant 6:43

in.-1b, is obtained from: Table 6-1; and 'by letting
S'be 0:55. in,, one-half the maximum travei (the
same as x ), the time-is.found to be- 4.5 ‘msec.
Thvashort ‘time may be neglected Even-with.a

friction-force:of 1 lb, the time is only: extended
to 6 msec. For: all practlcal .purposes then, the

time- to eject the armmg pin- may be: neglecbed

in computmg the armmg delay

12-4.3 THE:PROPELLER

The- ptopeller has two.vanes which-act like the
blades- ofa windmill as shown on Fig, 12-8 They

» OlBS—ﬂL,i' e o
A7

-ARMING PIN
SPRING

COTTER PIN
0:062

P : :
‘ e 0:302
0.0478 —> l:: ’ ’

e L 0.350

NOTE:- ALL DIMENSIONS IN INCHES

Figure 12-9. Arniing Pin Assembly of Fuxe, M198.
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, spin-in-the-air stream at'a hlgh rate to turn the
‘ -govemor«dmm whxch then regulates the rotation
-of the nrst ehaft oi’the gear reductxon train.

The power output of the vanes depends upon
their. effiuem.y in .xssnmnlatmg ‘the- energy of
_ethe air stréam.,, If the, vanés: are'treated.like. sails,

an- expressnon for the power developed II ,

' 'ft-lb/se« s

Ro
-H ‘-TAP (v -0 ) sind-cos@ ‘12-4)

‘where - R i8¢ the mean-radius of:thevane,.in:; 4 is
the area, in? ;.0 is the air dens1ty, lb/ft3 v is the
velocity- behmd the blade, fps;: v,,,xs the veloc:ty
in front of the blade; fps; and .0 is-the- angle of.

attack of the vane, -deg. Thls equatlon ‘réquires
empmcal validation . because ‘the velocity of the-

air stream. near theivane:is now. known If-we as-
sume a:vane angief of 20°, the air near the vane

moving at-42 mph- (61 6. fps), an- increase in air’

speed -after passing through the vane-hy 10% to
67.76 fps, » 160. 7 rad)/sec, .an area of-0,04 in?,.
and-a radius of 1.2 in.;.the power generated will

be 10:5 watt, The- densxty of air ¢, is assumed.

to be: 0.08072 lb/ft3 Thus the power. generated
‘s sxghtly ‘more than-that ceasumed'by an elec-
-tric.clock.

12:5 SPECIAL FUZES

A number of special fuzes are used in bombs
that cover various tactical uses,.e.g.,.bomb- clus-

ters, depth bombs, and fragmentation bombs
12:5:1 BOMB CLUSTERS.

Bomb clusters are used.to drop several bombs
-at one tilhe with one boriib- sxghtmg Usually,
several small -bombs are enclosed in a. smgle
casing. An- exploswe device-distupts the casing
and separates the ‘bombs befote théy strike the
ground. -Hence, a-fuze is needed to operate the
explosive device. Since: this fuze: functlons fairly.
close to the. aarcraft low r-xplosxves, such as

black .powder or nitrocelluldse, are specified.
with initiators similarto cartridge primers, Of

coursé, each ‘bomb- has its-own ‘fuze that must
not be initiated by the cluster fuze.
If the bombs are -too large to be enclosed, in

one casing, they may be packed in a bundle thatl

separates .upon-releasé from-the aircraft. In thls

‘used” to determine K

AMCP 706-210
mstancez -a-safety: devxce such-as-an arming wire
-is needed for €ach bomb. The usual practice ig
to- employ an- octopus:-type device:in-which-the
arming ‘wires from the separate.bombs are con:
nécted to-one paw! oit the bomb-rack..

12:5.2 DEPTH-BOMBS

‘Depth: bombs are dropped from- aircraft and
are-expected: to explode ‘after: smkmg to-a cer-
tain depth.. Fuze actions then -follow. this se-
quence: the fuze -arms during its free fall water.
impact does not affect the fuze, and the fuze
functions by the mcreased water pressure:present
at the required depth ,Of-the many. features nec-
essary, only ‘the- method -for preventmg water
impact.-from affectmg the fuze will be discuissed:
Let Fuze, Bornb Tail; AN‘MARK: 230(Fig. 12-10)
serve as'an example

’I‘hls fuze is armed:in. the air beforé it hits the
water The arming . ptocesa releases detents (5)
that. free-the-depth spring (9). Upon water sur-
face inipact, the firing plunger () tends’ to move

forward intc the: firing pin (6). but the inertia

counterbalance (8) restrains it. An approximate-
setback force may be. calculated from Eg. 5-10
from the drag force .on the bomb because the
drag coefficient for the bomb in water. is the

-same as that for the. bomb in air’.

While boinb veloclty varies' with drop height,
velocity reaches a constant value eventually when
the drag force in-air just equals the bomb weight.
This steady. velomty, attained durmg free-fall, is:
al§o the ‘Watet entry veloclty Eq. 53 is then
(see par. 5-3.1.1 for
terms)

Wg

K = ce—
D- T2pd0?

(12-5)

from which: the force on the part of weight

48.from Eq. 5-10

F=-=2 W
[

75 W, (12-6).

when the densities of water ¢, and air ¢, at 20°C
are substituted-in.Eq. 12-6,

The counterbalance wexghts (8) are.effective
because they credte a larger moment_than the
firing plunger (7) at the pivot'pin (3).. Eq. 12-6 i is

-used to calculate the forces from which the stress~

in the pivot,is found' (see par.6-4.2):

12-11
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‘upon -target’ mﬂuence
lustrates the latter: initiation features., Proximity
‘fuzes detonate the, mlssxle upon its approach toa

V- aELLows
2= ‘WATEN PORT
F=PIVOT PN
4= WATER” pOAT

5.~ DESENTS
§= ARINGZPiN
JF FIRNG. PLUNGER

8 = I4ERTIA COUNTERPALANCE.
9—0EMTH SPAING STEM

Figuie:12:10. Fuze, Boib Tail, AN MARK 230

Water seeps: through the: water ports (4)-and-
(2) into the bellows (1). ‘When the. water pres-
sure exceeds the -pressuré outside the: bellows,
the expansion moves. the firing plunger. Bellows
are manutactured with specified. pressure-motlon
ratios:.

12:5,3.FRAGMENTATION BOMBS'

_ Fragmentation bombs.contain fuzes that may
be initiated.either after a preset time interval or
The proxiinity fiize il-

target (a-direct hit i is not required): In many in-
stances, explosxon before-actual contact is.the
condition'in which maximum.damage is inflicted.

“The=concept-of* operatron “of proxmuty fuzes
is offered merely as an introduction to the ‘sub-

ject of proximity fuzes. These fuzes are treated
'in detail in other publications -

Since. proximity fuzes detonate as they ap-
proach the target, they are ideal- for, bombs in-
tended. to ‘be exploded as air bursts. Air bursts
have advantages over ground bursts because frag-

.ents-of an exploded-bomb and dispersed chem-

1cals travel-in rélatively straight lines. A ditch or:
shght hill offers a high degreé’ of protection:from:
ground bursts to soldier-or truck. If the bomb ex-

‘plodes in the-air, fragments or chémicals will be

hurled into foxholes-or over barriers so that the
shielding effect is greatly- reduced: The height at
which an air burst produces its maximum damage.

is rather critical. It. .must.be high enough to ex-

pose the proper target-area but not so hlgh that.
the target is beyond the lethal range of fragments
or the optimum range of chemicals.

31212

The operation of‘proximity-fuzes requires the
following’ componerits: radio ttransmltter and re-
-ceiver, selective amplifier, electronic: switch, elec-
tric detonator, electric.power supply;-and safing
and arming device,

For- bombs, -the- radlo must. be. built so that.it
is relatively:insensitive to v1bratxons produced by
the buffeting of the air stream. The radio slgnals

should -be concentrated in. front-of- the bomb 50

that the ground-will reﬂect the waves strongly A
dipole antenna with a reﬂector has a-lobe-shaped
radiation--pattern as shown ‘in Frg 12-11; The
w1de Jobe indicates: that: the sensitivity is about

«the same for all angles of impact near the yerti-
cal, .Common: angles of ground-impact for. bomibs.

dropped from various heights-vary from 55° to
72° as shown in Table 12-2; )

The proximity fuze is initiated “by circum-
stances explained by .the Doppler principle: ‘If
there-is velative motion between source and:re-

céiver,.the received waves~w1ll differ in- frequency*

from the transmxtted waves. Flg '12-12 shows the
condmon in which the receiver gets waves re-
ﬂected from the: ground just as though-an image
source«beneath the ground were- sending them:.
Since this i image is equidistant from ground level
with the source;:it moves toward the ground sur-
face at the same veloclty as the bomb falls. The

‘received frequency L is

f =

¢+
f-‘<cl; — >,\ cycle/sec (12-7)

‘m which ¢, is the veloclty of the radio- ‘waves,

f, is the frequency transiitted, and v, = v _the
vertlcal velocities of receiver and source. Slnce
the bomb velocity v, << ¢, , the expression for
f .can be approximated:by

2,
f,‘-=f <1+?>

‘aid-~the- -difference in- frequencies ‘becomes
20,f /ey,

The- receiver compares the two signals (the re-
flected and a portion of the transrmtted) by am-

(12-8)

.plifying-the beat'frequency note (2v,f,/¢, )pro-

duced by the.two. slgnals The amphtude of this
note depends upon the amplitude of the reflected

signal which: is a function of target range. In this.
way, fuze initiation is controlled by bomb-target i

distance:
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« L S 2 wants the fuze.to-be. mmated at'a Certain: henght
& s o -above ground regardless of bomb reléase.altitide..
i & s ‘herefoxe, 'he must desngn the ampllf:er to.
2|5 have a ‘constarit gain. throughout: the possxble
? - range of beéat frequencies. A response curve
i vshaped as shown in-Fig. 12:13 will suffice..
?g 5
B, . -
A z.
i ; -a
g% i\\ ©
£ AN o
. \ 5
. A \ PATTERN 2
s 2\ I 1 < ; - -
i, \. / : —
4 TN D FREQUENCY
& — - Cei e o
% GROUND Figure 12-13. Typical Amplifier Response Curve
s Figure 12-11. Antenna:Pattern. of‘Bomb Proximity . ‘
4 Fuze 1254 BOMBLET: -FUZES
S As mentioned in par. 12:5.1, bomb clusters.are
, ‘made- up of several. bombs df”bomblets ‘each
ke bomblet being fuzéd individually: Bomblet fuzes
b are de51gned in the same manner as bomb fuzes;
W the intended apphcatlon dictates the functlomng
T action, An example of a: bomblei: is shown in
’ Flg 12- 14, It:is the artitank Bomb,. BLU 7/B,.
equipped with a mechamcal 1mpact fuze,
. Fuze action is as follows: When the bomblet is
o o, , ejected from its dlspenser, the fuze saféty clip (1)
o, Ci= VELOCITY OF*RADIO WAVES is withdrawn, The air stream tears off: the retain-
o N ing clip (2) that perniits-the tetaining-strap-(3)
ksg , and airchute (parachute) protector (4) to fall off,
——— This action ‘permits the  ribbon alrchute—folded
: GROUND within the protector—to. open up and. function:
I Functioning of the airchute yanks out the cap (5)
: approximately % inch. The firing pin; attached
; T.v‘l to the‘cap. by a spring pin, also. moves with the
Xk ~
o ,/7' ~ AIRCHUTE ASSEMBLY
2« A PACKED HERE
= I F o rmacE (51CAP CONTAINING., FUZE (@) RETAING cup
/ ! ’ BOMB BODY
, o AT T
4
;: Figure :12-12, Doppler Principle
E . i Fure
e SAMETY CuiF
2 Borub: velocity varies with drop height as o orcron (3) RETAINING STRAP
¢ 2 shown in Table 12-2, which means that. the fre-
:1 > quency of the received signal will vary ‘and hence
i ¥ _the beat frequency’ will vary. But the desngner' .Figure-12-14. Bomb, BLU 7/B
& ¢
yb
= 12113
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cap. Withdrawal: of the firing pin from its posi:
tion dgainst the side ofthe rotor permits:the

of the rotor is.slowed down. by-a delay ‘mecha-

ot Lettered references arelisted at.the-end of this

handEook
1. TM 9- ]325-200 :Bombs and Bomb Components,
Dept. of Army, April 1945,

Joint Technical Coordinating Group for Air
Launched Non:Nuclear Ordnance, JTCG- ALMNG,

Washington, DIC., 1966.(Confidential).

3. Mdrvin- Kaspér. ond Arthur Wrenn, MK 81 and
MK 82 Bonib Reléase Curves, U:S. Naval Ord-
nance Laboratory, White Ook, Md., Technical
Report 65-230, 20 -May 1966.

12-14.

sprmg-!oaded Yotor to.turn. However, rotation-

2. FEuzing Systems for Air Leunched WeaponsifU);

issued by the Naval Air Systems Command,

PR e < P .

nisni that provuies a delay of 0.8 t0.1.3 sec, at
‘which time the stab detonator is in line with-the
firing . pin. The explosxve tram consnsts of -deto-
nator, lead, booster pellet, and’ shaped charge.
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. CHAPTER 1 ,
STATIUNARY AMMUNITION FUZES

1‘31fe,s~i—:nm.

Statlonary ammumtlon, such as'a miné,.is am:
‘munition that.is set-irito.place to’ xmpede enemy"

advam.e ‘Whereas -other ammumtlon travels to-

:the. target stationary. ammuntlonfdemands that
‘the target approach-it, It.. fuzes aré designed with
the same consxderatlons as those for other ammu-
nition except vthat environmenital forces cannot
usually be used. for arming action. Fuzes: for sta-
tionary. ammumtxon contain’ a tnggermg devxce,

‘two mdependent arming actions, and'an-explosive-

oitput charge Incendiary and chemlcal charges
are used: occasxonally Stationary ammumt:on is
often hidden from view ‘by burymg it in -the
ground planting it under water, or disguising - it
in: harmless ‘Tooking objects (boobytraps). Fuzes

" are mxtlated by mechamcal or electrical stimuli
through either contaci or proxxmlty action of the
approach.ng target

132 ‘LAND MiINES
13-2:1 .LAND MINE TYPES

A land mine is a-charge of high explosive, in-
cendlary mixture, or chemxcal composition en-

.cased: in-a-metallic:or-nonmetal'ic-housing-with-

-an. appropriate fuze, firing device, or both that
s designed to be- actuated unknowingly by
enemy personnel. or vehicles. Although meant to
damage or destroy enemy vehicles' and other.
materiel or to kill oriincapacitate enemy person-
nel, the primary function of a land mine is to de-
lay and restnct the movements of the. enemy’’

Land mines are divided into two general classes,

deSIgnated antzpersonnel and antitank, Anti-
personniel mines .may be of fragmentatlon or
blast. type: Both typés may be: designed: to ex-
plode in place, whether buried-or emplaced above
ground. -Others;: known as bounding mines, con-
tain-an expelling ‘charge -that projects :the frag-
mentmg component of the mine above ground be-
fore it detonates, “Antitank mines are tised against
banks and other wheeled or tracked vehicles.
These mines may be of the blast type or-may em-
ploy the shaped charge effect: Mmes are emplaced

J L T TN

-nianually, mechanically by minelayer, .or de-
livered aerially.

Fuze;. M603, a typlcal -mine fuze, is shown in
.an 1-5, mstalled in-the 'high exploswe Antitank
Mme, MlS When pressure is applied-to'the top;
‘a. Bellevxlle spring is reversed and drives.the firing
pin into the detonator

Land mines are tmggered mechanically-by pres-
sure. (as Fuzi; M603), pull, or release of tension.

‘Pressure: operated antipersonnel niines are de-

s1gned to ‘be triggered by. loads of-avout 25 lb.
Antltank mines are designed so that they will not
mltlate when a person walks on them They are

~tr1ggered by a-force: from-200 to 750 1b. Hidden
ltrxp wires can be used to set off the mine when

pulled (tenswn) or cut (tensmn releases).
Iafluence devices such as magnetic dipneedies
or. magnetomete‘rs ‘may also be:used to:fire anti-
tank mines in cases where it is desirable:for firing
to ‘occur betweemthe treads of the.vehicle. Here,.

‘technology must be applied, involving study -of

the magnetic disturbances produced by moving
armor- of the- weight: and speed it'is.desired to in:
tercept and- the headmg in. the earth’s magnetic
field.

13-2.2 REVERSING BELLEVILLE SPRING i RIGGER

Reversing: Belleville springs provlde a.conven-

ient method for initiating land mines. ‘When a

force is-applied to this special type of’ Bellevﬁle
sprmg in one of its equilihrium positions; the
spring flattens-and then moves iapidly into its-
other equlllbnum positicn. As:indicated in-Fig.

13:1, the spring does.not require any external
force to snap- through to the second posmon
after passing the flat position. These springs are
de51gned with' the equations below. In applymg
the equations.it is important that dlmensmns be
consistent; The spring force is given by

4E y\ )
ol =W )B ’ :

(18-1)

F =

F maximum;occurs when
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APPLIED FORCE

| SPRING

FIRING .PIN
iy —n

] PRIMER |

- 'R >
- o >

(4) Application of Force

\hh“l

SR

(B)-Initiation- of Primer

Figure '13:1. ‘Action of Reversing Belleville Spring

o
W - 2t
3

where E‘is the-modulus of, elasticity of the mate-
rial,+ ‘is theleaf.thickness, y is the- -spring deflec-
‘txon,dh is.the lmtlal dlstance of .the leaf-from.the
center point (see Flg 13-1), v is Poisson’s ratio
for the material; d_ andd, ,are the outer and inner

diameters, respectively. B iis the followmg pa-
rameter-

y=h- | (132)

6 (d, - d;)?
d2 7 dn (d,/d;)

B= (13-3)

Maximum stress o, occurs on-the inner edge
of the spring when y = .hand is given by

‘(d ~d. d)
. h [] 3 - n _3_.
_ 4Eh d; . d.}
rax l - 9 ~ d Ca

v [2 (ln -(-1—"-)((1‘,‘— d;)?

by
“Td, (d,*d;)

¥4

(13-4)

13.2

‘terms of .h and :ts. Asa tnal lett, =

For purposes of réliable initiatio'n the designer
-may:prafer o place.the detonator at the position

in:which-the firing_ pm has the. maximum kinetic
energy. 'I‘hls position is found by further deriva:

‘tions based 6n,the above equatlons

Suppose a.reversing Belleville sprmg is needed

-for-a mine-that‘is actuated- *by-a niinimum force

of 35 lb According to the. space. avallable d,

-nay be 2 .in. and d,= .0,5.in. For. nonmagnetlc

and nonmetalli¢ mines ‘a phenohc ‘laminate

(E'= 135 x 10% psi, v = 0.3) is-used for the-

spring material. This leaves. the spring.. hexghth

-and- the-thickness ¢, to be determined. Eq:.13-2

gives the deflectlon Y forrmaximum pressure in
0:025 in. and
h =°0.25-in. s6 that 'y becomes: O 107'in. Substl—

tution of these values in’Eq.. 13-1 glves the maxi-

mum spring force F as 144 Ib which is too great
for a 35 1b actuating force:

For a second trial, h is reduced to 0.15 in.
froin which y at, the maximum Jload: becomes
0066 in. Then from Eq. 131, the maximum
force becores 31 1Ib. This’ value . falls’ within:the
specified’ limit. )

It remains to determnine whether the spring

material will w1thstand the -stresses caused by -

thls load, Eq. 13- 4 lndlcates that the maximum
stress in  the spring o nax 15 49,000 psi which is
not excessive for a phenolic laminate.

13-2.3 PULL-RELEASE TRI_GGEFi

The pull-release deviceé is a trigger that-illus
trates the use of a trip wire.One fora land mine
is shown in Fig. 13-2!. The nain fuze. body is
mounted firmly. to the mine. The trip wire is
stretched across .the éxpected path-of enemy ad-
vance and the s!ack taken :up by turning the
knurled -knob. The safety cotter pin is removed
and the device cocked by turning the knurled
knob until the safety pm can-be removed from
its slot.. The shoulder on the safety pin and.the

safety wire are interlocks that require the device-

to be armed in this sequence. The device is now
ready-to be-triggéred..

The pull-release device also serves to provide
an antiremoval feature. When the mine is buried
in the ground the device is, p;anted on the mine

with the wire attached to the ground Personney

who remove the mine will set the fuze off.
The essentlal part of the trlgger is an expansible
socket shown. schematlcally in Fig: 13-3. When a
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: oo Figure 13-2, 'Pull-rélease Device H
: ¥
3 : i ) :
‘tension is applied to the trip wire, the trip plun- ‘faces'of the fingers, the equations of equilibrium : ?
., I 110 2 € C C b 1 ;

s ger and the firing pin'with four cantilever spring.  will be 3 ]
E s fingers move -to the right and compress the-coil F Fo¥ . )

s e ‘spring. If the-large secigqq of-the fingers: passes e F, ¢osb-+ pF, sinf = T 5 ;
‘ from, beneath the shoulder, only the stiffness of ) _ ' (13-6) B ?
. i the fingers and the friction at the joint can retard Fy = F, sinf = pF  cosf i
3 s their. opening. .As.the.spring.force.£,. increases, pe.two -equations' are- solved-simultaneously <

the forces at point B increase causing the fingers with Eq. 13-5”to yield the trip wire triggering

- to deflect and the: joint to separate. The trip g0 F_(perpendicular to-the wite A
, .+ v  plunger continues to the right, and' the firing, =~ ~ ° (perpen - ) \
- . pin is déiven- into the detonator by the firing SPRNG FORCE .- .
Ly pin spring. ‘ AEVRN §
3 ’ _ The.forces on the trip plunger and finger are .’ = ' J‘
3 s, .,  indicated on Fig. 13-3. The force F; (acting as- _ N '-;}F K ’,
, the, reaction to.a concentrated-load on a canti- ’ womaae—) "~ emicion .
o’ levér . beam) is given by Section A-A gzq/orgg!honl of Point 8 ey
4 s 3ET; ‘ , - SPRING: swaukoen H
L P2, (13:5) s o U
E ’ 13 G EINGER A A //”’ L L
g ‘ . i ~ RS . F,~ TRIP FORCE !
" where y is the deflection-at B, | is the effective T T {a/ip t v -
2 length of the finger, £ isthe modulus of elasticity, PLUNGER s -
g - Py and’], is the second moment of area‘at.the sec- or
N © [ a
- B K WL s . . , . . . g
1 2t ..Any consistent set of dimensions ma .. . ;
: FyS bl:rlisﬁ ¢ ' y Figure 13:3. -Expansible Socket of Pull:ielease 4
2 S If F, is the-component of F; normal to the Device B
B £
~ 4 %
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DY y < f)- s a0 \- .

13 fsm() = pcosf

where s the coeffnuent of! friction.and y is
the de"lectxon necessary-for the parts to separate

The- followmg desrg'l cntena are evident:
(1) for a senartrve trip wire, the reqmred tnp

force- shoul@ not be:great, hence (2):the fingers

. should not. be too-stiff: yet should, retum to. the

closcd posrtron quickly“so-as not to:engage the
shoulder -on.the firing stroke,,
To: design a device similar. to that in-Fig. 13-2;

the desrgner mlght start with. steel -fingers one

ifch: long:. The ¢ross séction of the fingers must
bea quadrant of a ring so that-its second moment
of area is

2
- 8 ("7""1)
LN
3 16 9 (r} »r})( "

where r, and r,.are the iniier and outer;radii,
rc.spec tively. If’ ry= 0.036 in. and. ry =.0. 10 in.,

I,=2.0x10° in? The radial mterference ke-
tween fingers and.trip- plunger can'bé .0; 005 i in..

‘From Eq. 13-7 with.0-= 30°, the pull force on

the trip wire-must be 8 lb to release the firing
pin.

‘When the trip wire is sét and the déyice-is
cocked, the firing pin,spring is compresséd two
inches. In this condition.the: fingersowrill” nof be
forced apart ( F,= 7.6 1b) and the body shoulder
will continue to restrict their cantllever action,
Only after the spring. has: been compressed’ an-
other-0:30 in.-can the increased séction pass the
body shoulder. Since the spririg: force now ex:
ceeds the 8-1b release requirement, the fingers can,
open to release the firing pin,

To determine the sens1t1v1ty, of the device to a
tripping: force l' the following equation may be

used
FI. 215, + ST 2S, + , s 2
S:(1-3,) o st (13-9)

where F is the spring force at'releise, S_is the
distance the spring must be compressed. from the
-cocked position to release the firing pin, l is'the
trip wire length, and S is the distance from the
fuze to the trip force. Thls is ibustrated:on Fig.
13-4.

If the tripping force occurs at the centerof a

F, &

13-4

ten-foot:wire, 1= 220 in., S = 60 in.,.$, = 0.3in,;.
and-F=8.7 by then:F = 1.2 1.

' 13.3 SEA MINES

‘Sea mines are-explosive devices-placed in-the
path of vessels to.impede their progress. “The'in-

‘herent-stréngth-of: a ship requires that sea inines
~conta1n large exploswe chargés. usually ‘HBX-or

TNT. They : are actuated when touched or closely
approached bya ship: Since concealment in-water
is.relatively easy, size-is not. necessanly lmuted

so-that generally there.is abundant space f for the
fuze mechamsms'

Alr naval underwater)mmes fall within one or
the. other of two broad classes, independent or
controlled »Once planted and armed, mdependent
mines are actuated automatxcally by the:presence

-ofa shp In contrast coritrolled minés transmit

an-electrical slgnal to a:shore statlon when a ship
passes. Personnel at the.shore statxon ‘may either

‘merely . observe the signal: or may detonate the

mine by a retidrn. signal. This.broad system of.
¢lassifying mines is ‘cut across by three other
classxflcatxon methods, namely (1Y method of
plantmg (by mmelayer, submarine; or alrcraft),
(2) position- after planting: (bottom, mooted, or
dnftmg}, ‘and (3) by type. of firing ) mechamsm .
The firing ‘mechanism can ‘be activated ‘by con-
taét (electrochémical, ‘galvanic, or mechanical
action) or by influcnce (magnetic, acoustic; or
pressure action):

Safety is, provrded in a number ‘'of ways. Sur-

‘facelaid mines uisually have-a soltible washer that‘

prevents arming until the washer has been dis-
solved by sea water (see: par. 8-3). Aircraft laid
mines employ an arming wire. just like bombs
Submanne mines have a pos1t1ye lock safety bar
which falls ‘free when the mine-is ejectid from a
torpedo tube; Detonator safety is provided by
separating .the detonator ‘from ‘the booster. A
hydrostatlc extender mechznism isa cornmon de-
vice for moving the detonator close fo the:

»booster charge. Many mines also have a timing

mechanlsm to delay arming for a preset time
after. planting. This same timer can-also serve as

Figure 13-4. Trip-Wire Action
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a sélf-destruction- niechariism to-destroy the mine:
ater:a fixed elapse of -time.

13:4 'BOOBYTRAPS

Boobytraps are explosive charges fitted:with a
detonator-and a- firing device, . all usually cox-
cealed and. set.to expiode when:an. unsuspectmg
,per.on trlggers its~ flrmg mechamsm~aa by ‘step-
.ping. ugon, lifting, or movmg harmless looking-
objects® . The-pressure-reléase: stypé firing devlce
(mousetrap) is-an example. Fig;13.5° illustrates
the action:of the. M5 Flrmg Device. The release
plate has a'long léver :so that a‘light weight will.
restrain 1t ‘The sphng . propels the firing pin
against. the- prlmer ‘when the -release plate lifts.
The firing-pin spring turns the fu'mg pin through
an angle of about 180°.

The exploswe train i inthé fuze consists simply -

of the firing pin and a percussion primer. A ‘tibe
du'ects the: flash.to’ the base cup which.is coupled
at the threads No- delay is used: Safety is:pro-
-vided. by a safety pin mserted and. held by a cotter
piniso as: to’ prevent the release plate from\letlng

The flrmg pin :spring is of the torsion type in
which a wire coilis wound as the device is cocked,

This spring force is calculated from the equatlonﬁ

Fo EI,

Tr' 0
where Lis the length of the spring,ris the léver arm
-of the force:F,and-0 is:the: “angle-of S4w st in: rad for-
the coil: For this spring-the approx1mate dnnen-

sions might be: 1= 0.50 .in., r = 0.50:in., d,

d4

0.035in.,so that I, = =2 =0.078 x10°
= 30 x 10°% psi,-and:6.= 7 rad. F then is 28 b,

(13-10)-

in?,

and becaase of the 7:1 lever rfatio, the’ force on:

tne release; Dlate will be about 4.1b. Thus, a-heavy
book could serve as the bait for this boobytrap:

A dlfferent method«of mltlatmg boobytraps
is employed in the. M2 Firing Device, shown in
Fig.13-65. A frxctlon devxce initiates a fuze from
the heat ereated by an actlon similar to that of a

safety match being: pulled through a pair of’

striker covers placed face to face, The.head. of

the wire, coated with a friction. corposition,,

usually ared phosphorus compound;is supported
in a channel by a snllcone conipound. The igniter
compound may be a mixture of potassxum chlo-
rate; charcoal, and dextrme

JIn addition to serving:as a-seal, the silicone

FIRING PIN
'8 NTERCEPTER
. HOLE

SAFETY
PIN HOLE

FIRING PNt
SPRItNy

SAFETY pm\/ ,
P -

A prifer Y}

COUPLING BASE?

%\(AO‘"ER PIN

Fikgu',re -13-5, Pressuré-re[edse'Firing Device, M5

Jprovides static friction on ‘the shaft. When a

force is exertedon the pull wire, thé spring de-

flects until the force'is large enough to overcome:

shaft friction: At this time the- shaft slips through“\
the explosive and wipes-againgt the igniter mix.
The: friction- generates enough-heat-to-start-the-
chemicals reacting in ‘order to xgmte the charge
Design of -this mechanism, therefore, depends
critically upén the force requu'ed to overcome

shaft friction. The spring should’ store: senough

energy to extract ‘the. shaft, once motxon is
started,, because the rise in temperature at the

ir’erface of head and explosive is*a functlon of

shaft velocity.

FRICTICN .COMPOSITION
COATED HEAD

-~ SUPPORT

TO ‘PULL —=
CORD

Figure 13-6. Firing Device, M2
13.5°
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CHAPTER. 14

DESIGN GUIDANCE

141 NEED FOR DESIGN DETAILS

‘Becatise: mlhtary fuzes aré subjected to greater
rigors thz\n switches, timers, or other-commercial

-devices, -their design:requires unusual care and at-

tentlon to detailed features: Fuzes must funetxon

.rellably, -opérate over a wnde range of environ-

meiits, and perform w1thout maintenance after
long—storage -No: commermal»system, be-it elec:"
tncal .or.mechanical,.is called upon to; fulfill all.
of these strmgent conditions. Once the -fuze has:
‘been: manufactured,. it is stored untll used. It
must then perform as.intended: For this reason,
the fuze desngner must-make- certain, ‘that ail de-
tails-are .given ‘theirf proper attentlon dunng de-
sign and’ development

Guidance is provrded in* thls Chapter for sev-
eral details. This- information- complements the
considerations in fuze design .(Chapter 9) con-
cerned with having the fuze functionsas mtended
-as well(f’as the- general' design considerations
(Chapter 2) treating such factors as design’ phllOS-
ophy, economlcs, standardrzatlon, and:- human
factors engineering. Some of the deta;ls presented
‘here .pertain t0 common componeénts. such as
;switch contacts or time setters. Others treat the
Jse-of ‘materials-and lubricants,. the.selection.of
which can adversely: affect -fuze performance.
Subjects like tolerancmg, potting, and packaging
deal-with assembly problems

"14:2. PREVENTION OF CONTACT CONTAMI-
NATION

The widéspread use-of transistor circuits in

fuzes foér- electromechamcal devices such as re-:

lays’ and sw1tches ‘has emphas12ed the problem of
contaqt failure in. low-level switching -circuits.
Since transistor- ¢ircuits are chardcterized:by low
voltages and currents, care.must be exercised in
-the-selectionsof the-contacts employed. A high
percent of relay failures can be charged directly
{o contact failure: One of the most prevalent fac-
tors that causes.contact failures is contammatlon

which results in- excess contact resistance and'

.wear.
Maity switch-contact contamination problems

e - - R p—

dre due to oversight Fuze tdes1gn’ers are'apt to.
little. attentlon glven to theu' matenals of con-
struction untila failure or hlgh contact resistance
occurs that could possibly:be the. result.of the
outgassing. .of organic plastic -materials. -Erratic
contact.behavior ¢an be minimized by monitot-
—mg~the chowe o£~mater'als and:By- cleaning:

-:No Contatt: maﬁerlal is adequate for-all switch-
ing situations and compromises must. always be.
made keepmg inumind .the most critical charac-
teristics to- be s$atisfied. The -contact. materlal
should. have the following ideal - charactenstlcs

‘(1) Conductivity- of copper or silver

(2)- Heat resistance of tungsten

-(8) Freedom from oxidation of platinum or
palladium
" (4) ‘Resistance to.organic filia formation of
gold

(5) Inexpensivefiéss ofiron.

There are two: distinct types.of contact:con-
tammamon, orgamc or " thir; film: ¢ontamination
-and, particle or. partlculate contammatmn" The
6ffect -of ‘particle contammatlon ‘can be highly
-disastrous because.of its erratlc ’oeh'mor ‘Monitor.
tests can -show low reslstancef‘for hundxods of
operations with a sudden: rise: toca very: <high, re:
sistance value Since- not ali particles-éan be. bumt
away by the (.ontuct carrent -anae voltagns, i is
evident that partlculate contammatnon ¢an-per-
sist,.for a: very long: trme Grgamc fllm contarm-

-nation, on the other hand will generally mdxcat >

a gradual fise in the contdct resxstance and can’ ‘be.

Jpartially buint. away, - if ‘ths. voltages are lnghe

enough,
Particle contariibation: can .be cauged’ by:
Q). Poor choice of msulatmg matenal

(2) Poor-cleaning. of nachiréd: and finished

parts
(3). Use of pobr}g“rades of inteinal gas
{(4) Normal wear or erysion pd.rtlcles
"Organic’ film contamination ~an be caused’ by:
(1) ‘Poor:choice of msulatmg m'xter:als
(2). Inferior clearmg techmques
(3) No bake-out: of ¢ orgamc ‘parts
(4) Poor choicé of. solder1ng~techmques
(5) Poorhermetic scaling
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phatey

(6) Lubncatmg oils.

(7) Organic dyes present. in-anodized prote¢-
tive-coatings.

"When contamination—particlé ororganic: fili—
occurs, the following steps ..hould beé taken:

{1)’ Determine “if ‘the-.coritact ‘requirements.
-are mahstxc

(2) Detei'?mne Aif wxpmg actlon -and,contact~

- -pressures® can.be mcreased thhout adversely af-
fectmg the operatmn* of-the- devme‘

(3) ‘Make an initial, simplé chemxcal -analysis'
test. of contammant

(4) Determine if-the. contamination problém:
is. of a particle-nature, orgamc fxlm nature, or

_boih, :‘Some. of the methods .for analysns are

solubxhty fests;. spectrographxc -analysis, chem-

ical spot” tests, microscopy, electron microscopy,.

electron: diffraction, X-ray dlffractxon, radio--
active tricers, infrared: spectroscopY» and plastic
replica?.

(5) Take appropriate steps.to eliminate.the
contammatlon by a-complete materials review of.
‘metals, msulators, and gases used .an inspeéction
.of the manufacturer S quallty "ontrol and-clean-
ing. téchniques, and an inspection of the.validity
of test results'for the hermetic seals.

14-3 PACKAGING

Safety in transportation and storage,depends
to alarge degree onhow the fuze is' packaged. Al-
though speclflcatlons and packagmg designs have
.been ‘standardized, the desngner should' be fa-
miliar with the various levels of shipment as they
might .affect his _design. A packaging handbook
should be consul ed®.

‘For: .the most- -part, the packaging of fuzes has
‘been standardized . For 6verseas shipment (Level

A); 8 artﬂlery or 10 rocket fuzes are packaged:in.

a water-vaporptoof ‘réctangular, qulck-opemng
type, metal box-having polystyrene supports to
contain the fuzes (Fig. 14-1). Two metal boxes
are- overpacked with a wooden wuebound box.
For.long term storage (Lével B), 36 metal boxes
of packaged fuzes are placed in a pallet type box.

For interplant shipment (Level:C), the assembled:

or partially assembled fuzes are packaged in a
fiberboard carton utilizing the same polystyrene
supports used in the metal boxes The rocket
fuzes.are placed in a carton havmg an- eggcrate
type separator The cartons are overpacked with
an inexpensive: wooden wirebound:box.

14:2

Figure 14-1. Packing Box and Fuze Supports

14-4 LINKAGE OF SETTER COMPONENTS:

Designs of méchanical setter devices should
include consideration of the linkage of the. setter
components. and.setter display components in
conjunction with the device being set.

‘The parallel mechamcal linkage*(Fig: 14-2(A)):
_permits* concurrent posxtxor'mg of setter display
components-and the.item to be set. This type of
linkige- could cause the dxsplay of ‘a false reading
because- the setter display does not necessanly'
‘have to. agree with the mformatlon actually set
into- 1tem (the‘hnkage to eltherethe setter dlsplay
components or item bemg set could be faulty).
The series lmkége (Fig. 14-2(B)) is little improve-
~,ment -over the first because the hnkage to the
1tem to be set could be deficient even though a
.settmg is dxsplayed Def1c1enc1es are-more prone
to occur in'the high-torque gear trains of the item
to be set rather than in the low-torque gear trains
of the setter display assnmbly (the: linkage :be-
tween, the two could shear). The-most reliable-
and safest lmkage (at no mcreased costs) is a
«different series linkage (Fig. 14- 2(C)) ‘in -which
the settmg actually positioned into.item being
set is displayed after the fact of actual setting.
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14:5 MATERIALS

The characteristics and properties of-the engi-
‘neering materials used in. the' construction .of
fuzes are- best determined - by consulting ‘hand-
books and speclﬁcatlon sheets pruvided hy:manu-
facturers, The matenals aré .continuously sub-
Ject to 1mprovements because’ of:- deaelopment
work, ‘and technical data.are subject to constant
revision. This paragraph therefore, presents in-
formation. only on a few special materials of par-
ticular.interest to the fuze desigrer.

14.5.1 POTTING COMPOUNDS

Potring compounds aré used to eéncapsulate
electronic- parts for protéction agaxnst tempera-
ture pressure, moisture, dirt, corrosion, fungus,

nents.. — -

The electronic components of-moderate power
-rating, such.as'.those used in fuzes, arc more re-
liable and havelonger life when properly encap-
siilated. In this case the potting material provides
not only protectlon from the adverse environ-
ments but also structural rigidity.

vasadvantages of pottmg electronic compo-
nents are: (1) replacmg wires and components of
a potted assembly. is almost: impossible, (2).com:

‘very low temperature, (3) sincé. the potting ma-
terial occupies ‘all-free spate in.an-assembly, it

circuit must: be<spe01fxcally designed for potting,
(5) extra time-and labor:are required to clean the
-circuit and to protect components prior toem-
bedmgnt, (6) component-heat is-trapped and re-
tained by, the insulating.character of the potting

'vxbratlon, shock; and- -arcing ‘between :compo-:

pounds geiierally do not wlthstand very. hgh or

sometimes ‘adds weight to-the assembly, (4) the'

) ey - e

xcompound and (7) pottlng compounds may af-

fect the electncal characteristics of-a cifcuit..

"Phe most common. types of potting com-
pounds-in.use are: epoxies, polyurethanes;: poly-
-esters, and sxllcones 'l‘ypu.al ‘characteristics of
these potting; materic!s are shown:in Table 13-1%.

Some: pottmg fommlatnons ‘may. .be. :ificom-
<pat1ble -with- explosives. 1f: the. .potting_ resin and
exploswe are:not-in-close proximity, incompati-

bility is- of httlc concern..Curing of; some résins.

directly ‘in- contact thh explosives is the-most
-risky. condmon Also, mtxmate mixtures:of pré:
‘cured-resins ‘with certain. exploswes may be.dan:

agerous It is the amine curing: agent and-not the

resin itself that is incompatible with- an- explo-
swe Frequently, acid’ anhydnde -curing agents

.éan be used near explosives if temperatures. are

not too high. In any event, the fuze: desxgner
should always specify that matenals used near
exploswes must be compatlble with- them

The potting :compound désired for a ‘fuze
-assembly. should:

[55) *Hermetically. -seal the unit from:-its-en:

vironment with-@ minimum of stress at the
‘boundaries and*a;minimuin of strain in the resin
itself.

(2)- ‘Support the unit and cushion it. from
shock. This requires soms res.hency at all oper-
ating témperatures.

(3) Provide good electncal insulation at all
frequencies, .and- low absorptxon especlally at
high frequencies:

(4) Protect the unit from extreme tempera-
dure: -changes,. yet dissipate the internal heat
generated

(5) Be transpateiit .so that embedded- com. -

ponents can‘be:seen.

(6)- Have good adhesxon to all potted surfaces
including sides of the contamer

(" Have a cunng or.baking temperature not
-higher than 150°F. Have low.internal- témpera-
-tures due to contrclled slow exothermal reaction.

(8) Not- shrink dunng curing.

(9) Not becotne brittle at :températures as
low as -63°F, tielt at high tempexatures, or lose
any .of the above desmable qualities at any op-
erating témperature,

(10) Resist deterioration by the weather and
chemical agents

(11) ‘Be' compatible with the:embedded com-
ponents and adjacent matenals

(12) Not cause organic or -particle contami:
nation:of electrical’contacts (see par. 14~2)

14-3
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THERMAL EXPANSION (in, /in.°C) x 10'*"
very ‘high#10.1 (figures referenced against alummum)

THERMAL CONDUCTIVITY, (cal/sec/ém? [°C per cm) x 10°*: very low 1.5; low 1.6—
4.0; medxum 4,1:9,0; high.9:1=20; very high 20, 1.

VOLUME RESISTIVI’PY (ohm-cm): good 10" —~10'?; very giod 16'3~—10'* .excellent

10! 5_101 7

mcr 7“210’ -
TABLE 4. COMPAR!&)H OF PROPERTIES OF: TYPICAL POTTING MATERGAL“
Tt T T T fllj;giir'j . - The?i?l ) ”I'hém?l . — 4Volunc l)lclecn e
J‘MEI'M‘ ;Shfriqhxge‘ - :Expansion,  Corductivity, . Resistivity. Strength
myv R g i g ) 3 1 o -
- Unfilled vety low- med low-high Jow:medium goodexcel* very.good
“Filled (npd) very low-low low h»gh very good-excel,  vety good-excel.
< l"tﬂod (ﬂu:hle): 15w- -high- low ‘high. medmm ~good very good very good
‘Syntmc very low—low N very low: vexy low: low very good .good’
nthme = — : e e e «
onm very low- -Jow-high, vety low . v‘ery good (not avail.)
Cnt Very low- h).h ‘high ‘ very low¥~ o good very good 1 -good-very good-
A RN T ™ P = = - ERnyaatra— " =
e Polyntn . . .-
‘Filled (rigid)., med.-very Tigh low-high -medium- ,ng‘od‘very good-  very good-
Fi!led (ﬂenblel . med -vuy hkh high, ’ . medium ~ good: - ' good vexy good B
-Cast’ (filled) low- high very. hlgh acellem. -good:
RTV mbber “high ’ avery high- medmm very good: very ‘good
Ggl ) ~ verylow.  very. h!gh: medlum  excellent - excellent:
i Key to-Ranges B

LINEAR" SHRINKAGE (in./in.): very low 0.002; low.0. 0021—-0 004 ;medium 0.0041~
-0, 010 high 0.0101—0.010; very high 0,0201..
very low 2.0 ‘low 2.1=5.0; high 5.1~10;

DIELECTRIC STRENGTH, (volt/ril): good.225~398; very good 400-500; excellent. 500.

1452 SEALING MATERIALS

In addition to-the potting "compounds; the-se:
lection of -sealing méthods for.fuzes requires-the-
careful consideration of the designer.

A sealant is a'liquid or:paste which is apphed
to a joint to. prevent or reduce the penetration
of gases, liquids, dust. or all:of these. Two types
of joints.cn which- seazants are often used in fuze
constructlon are thewbutt or. cnmped Jomt and
the- threaded joint. A sealant used on threads
must ‘not act as a cement fo¥ the threaded: Jomt
but.must be easily broken to ‘permit-inspection.
or._repair of-enclosed-components. A sealant for
a - butt or crimped joint‘has greater’latitude be-

scause this-type-of joint is- usually.a- permanent

‘one'and cémenting is'dusired.

The term.séaling . matenals is.also one which
refers to the sheet stock and molded shapés of
resilient character which form -the gasket type
of seal commonly used in fuzes. The materials
most-often used forthis,purpose include natural’

14-4

rubber, synthetlc rubber, and plastics.. Whenever
possxble, the designer- should usethis kind of me-

-chanical:seal-rather-than- llquxd or:paste: ‘because-

productxon quahty is'more readily-assured.

The locations and uses of sealsin a typ1ca1 elec-
tronic fuzé are shownin Fig. 14-3.

The following factors must be carefully
weighed when- selectmg a sealant .or sealing
material;

() Phys1cal properties of the sealant or
sealmg material, such-as tensile: strength, com-
pression set, elongatxon, and: hardness.

(2) ‘Chemical compatibility. The seal must be
chemically compatlble ‘with “the metals, fuels,
lubicants; explosives, ‘acids, or other materials

to which it may- be exposed .(see- also item (4),

:below).

(3) Storage .characteristics. The seal must
withstand exposure to a.wide range.of environ-
ments over a long period ‘of time in storage.

(4) Outgassing, Any products of outgassing,
especially during the curing process of the sealing
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:tammatlon of-electrical- contacts-(see:par. 14.2):
-nor toulmg or.corrosion of other fuze parts
(5) Temperature.
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% material, must. not. cause. particle or. organic con-  electric and:proxiinity fuzes, have a number of

desn'able properties. Some-of these-are: .

(1) They-can be used:to join: metals at rela-
tively low- temperatures

(2)° They can -withstand-considerable -bend-
ing without fracture.

(8)s They can -usually bé applied by simple
.means ‘alid* clm be uséd with metals having rela-
twely low meltmgmomts

The most- commonly used soft soldexs are tin-
Jead. alloys 'l‘hese soft solders have the primary
dnsadvantage that they have -low strength com-
Jpared. Wlth the metais usually, joined. Character-
istics of soff solder  alloys are shown -in. Table
14-2,

Conductlve adhesives can sometimes be used
in appli¢ations where heat. generated durmg the
soldering. process might ‘damage temperature
sensitive: components. 'l‘yplcal apphcatlons in-
clude bonding barium titanate elements together
-or to ferrite rods, making elecmcal connections
to battery terminals,. and repamng prmted cir-
cults

14:6-CONSTRUCTION TECHNIQUES

Two-importarit-aspects must be considered in
the design-of'a fuze. First, the components must
be selected and incorporated. mto the fuze in
‘such .a ‘manner ‘that they will perform ‘théir in-
tended functlon .properly. Second the -com-
-ponents must ‘be- assembled mtol the. completed -
fuze so as to- mamtam theu' mtegnty, their re-
latlonshlp with one-another, and-their-function-
Aing- reliability in spite of the ext;eme .environ-
‘ment. to which they .are subjected This sécond
aspect requires unusual care-in the- constructlon
and assembly of the fuzes. in order to assure
proper pérformance.

14:6.1 MECHANICAL CONSIDERATIONS

The permissible volume and weight of the fuze
and its- location -are .generally- specified- at.the
start of a program. The anticipated fuze environ-
.ments during operational use and during storage,.
‘handling; and «transportatlon are also “specified.
‘These -environments, partlcularly -any unusual
ones, must be kept in mind from the start of a
fuze program.

When designing-housings,: packages, and other
mechanical parts of a fuze, it is not sufficient to
consider only the mechamcal lequlrements for

14.5,

£ No-sealant or sealing material has all the quali-
o tles requu'ed 'l‘he problem, then, is to choose- the:
. best combination: of characteristics. Choice 1s.
iy usually based .primarily- on.the overall physncal
> and. themxcal propcrtxes of -the maermls and:
o, secondarily on-its aging properties. Other things
= - to be considered before a final decision is made
e are avaxlablllty of matenals, cost, ease of. apphca-
’ tion; ‘toxicity, useful’ pot life,.and service:life”.
. Thé materials commonly. used' as-sealants-in-
i clude" ‘Various rubbers, neoprene, polyesters,
i alkyds, phenollcs ‘vinyls; and flexible epoxy
S resins®. No- sealant has‘been found which: will
¥ producé-a joint as tight-as-a- well-soldered joint:
* The de51gner should”look to the present ef-
P fort made to apply one-component sealers so'as-
: ‘to avoid pot.life problems.

; . POLYETHYLENE:

3. NOSE CUP

S e
Y

: I BASE GASKET

~ RETAINING'

RING- . == * BASE 0" RING

. 3 ) -~ 2
I‘ll. \

- *TETRYL cup H
. “0" RING il

¢ NOTE'*"O' RINGS COATED WITH DOW- CORNING -TYPE D-C-33

SIl.lCONE GREASE OR EQUAL
Figure 14-3. Location of Seals. in a Typical’

’ Electronic Fuze

L 14.5:3- SOLDERS
& TR .Solders are: one of the more troublesome en-
Y  gineering materials® 19, The two general clasées
o % ofisolder are soft solder and hard solder:
¥ Soft solders, which are ased extensively in
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TABLE.14-2. LOW-MELTING SOFT SOLDERS USED IN.ELECTRICAL EQUIPMENT.

Sn, % P, % Bi,%  G&%  Liquidus,”f Solidus, °F Use'
30 - 70 361 496 Wiping soldefs ’
3 35 Ny -85 361 B 47T o o
40“ 60 36y - 460 General purpose,
45 55 361 441 radio; 'I’\L
50 50 _ ‘361 21
60 40 361v 370 ) fElectromcs, prlnted
:627 538 ‘ o 361 eutectnc ) >361? cn'cults
16‘ 32 52 205‘eirteetic 205 Low temperature
25 25 '50; 266 : 205
37 5 50" 12.5- 374 .205:
50 25 25 . 338 - 205 -
51 31 ‘18 288eutectic  288.  Low:temperature

'strength, volume, and weight. In'many instances,
their effect onrthe performance of the fuze must
be consxdered The dimensions.of some parts

and the tolerances .on the dlmensrons, may. haye’
.8 dlrect relauon to performance On other parts

the- degree “of stlffness of posrtlonal ‘variation
under conditions of shock ovvibration may af-
fect-the performance of a fuze,

Many mechamcal deSIgn problems czn be elim-
suggested approach i 1s as follows

(1): Determine- the mechamcal requirements
in’ shape, dxmensmn, ngxdlty, material, and finish
imposed by. the functions of the fuze.

(2) Determine the mechamcal requirements
in shape, dlmensvan, strength, material, and:
‘finish, -efc., imposed by operational use, trans-
portatlon, handling, and storage.

(8) Make  a preliminary design and check
critical .elemients. for stress, resonant frequency,
static and ‘dynamic balance, etc.

(4) Examine these desigiis with respect to
ability of - the shop to manufacture:and to main-
tain the'required {olerances. (see par. 14-8),

5) Check the preliminary designs by -ob-
serving the performance. of apreliminary fuze
model subjected to tests pertinent:to the.verifi-
cation of the design. '

(6) Revise the design as. indicated. by the
model- tests -and repeat the tests if necessary.

'14-6

R s

(7) Deésign.all*fuzes, with the possible excep-
tion-of the Mmost inexpensive designs, so that

~they may- be taken apart should a func tional-or
~safety failure:occur in, subsequent lot acceptance

testing,

18) “Locate-or:orient:functional-components
so as to experience the least detrimental-effect
frominterior and exterior balhstrc environments.

(a)- Onent gear and’ pmlon assembly in
timers if possrble so that.the pinion:shoulder.sup-
ports the gear under setback Ioadmg rather than
relying on the-staking or. spm operatlons used in

:assemblmg the gear to the pinion to accomplish
‘the .required structural: integrity. under setback.

(b) Use a vertlcal haJrSprmg n the
Popovitch escapement to' reduce hairspring dis-

‘tortion due-to ballistic envrrgnments thereby in-

creasing timer accuracy:
(9) Prepare the manufacturing.information,

‘mcorporatmg all of the information which must.

be observed in the manufacture and mspectxon
of:the fuze:

14-6.2 ENCAPSULATION

One of the most commonly uséd methods of
maintaining thé functional’ relatlonshlp of .com-
ponents and preserving the mtegrlty .of the fuze
is-that of -encapsulation. of ‘the. main fuze assem-

bly. The.materials used for encapsulatlon are de-

scribed. in par. 14%5.. The present. discussion is
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concerned with encapsulatlon as.a-constniction.
(techmque

The-basic encapsulatmg methods are potting,
dipping; coating, ‘and. castmg Pottmg involves.
‘melting the: embeddmg compound -and:pouring it
into- a-pot or: mold: The pot is: normally left in
place and:the resin used 18 comparatively. soft..
‘~D1ppmg and coatlng areegenerally confined. to
‘single- components stich: as.coils,” reslstors, or.ca-
‘pacitors; Casting usually involves the use- of resins
which require tn¢:chemical-process of polymen-
zition'to set. The- resultmg compoundis hard and
‘the mold is strlpped ‘from it.-Molds may be madeé-
of metals or rigid plastxcs

Two: dxfferent ‘approaches are:possible mtthe
‘embedment.-of’ electroiic assemblies. One is to.
embed the entire circuit;in one large castmg 'I‘he
disadvantage: of this-is; if-one. component fails,.
the entire circuit is useless andmust Se.discarded..
The repair..of embedded cn‘cmts is difficult be-
cause- dlssolvmg ‘the resin is txme-consummg and.
.may be- injurious- fo:-elements of. the: clrcult
Dnllmg and - other. machining processés.to-gain
access. to- defectlve comporients are: expensive,
tune-consummg, and practical’ only wliere. .clear
resins:have been’ used.

"The second approach is to make several smaller
castings, embeddmg components such as tubes
(having high failure Tates) séparately. ‘This re-
duces the poss1b111ty of. havmg to throw ‘away
large castmgs contalmng many usable compo-
rients When one component: fails: ‘Ideally; -unit
castmg should contain components havmg simi-
lar life expectancles

14-6.3 SUPPORTING STRUCTURE

Because of the extreme environments of shock
and” vxbratlon in which, fuzes must operate, a
great deal of design effort is devoted to the main
structure of the fuze. There are two common
concepts.used' in -the. construction- of .the main

fuze stmcture-the catacomb_concept, and the-

central spine support concept

Fuzes for- conventional weapons, such as

rockets:. and :mortar prOJectlles, are generally of
catacomb ¢onstruction. Ideally, all parts should
be. made as a block 80 that the completed fuze is
hterally “as soiid as a rock.”

Fig. 14-4 shows‘the basic construction of a
typical imortar proximity fuze. The ‘top: part,
which is made of plastic, contains- -a four-tube
electronic system with the RF oscillator in the

nose-of. the fuze. ’I‘he remaining nlectromc coni-
ponents, conslstmg of a'two-stage ampliher and a
‘thyratron fu'mg circuit, are mounted. immediately
below. the. osullator tube. A plastic - .catacomb,.
which ‘houses many: of the electronic: compo-
nents, is:shown:in the lower nght part of- Flg
14 4. The catacomb also serves as a.mounting
block around whnch the compotients-are wired

-‘(Flg 14-5): ‘In othef apphcatlons printed . end

plates have been used:on 6ne or both sides.of the
catacomb (Flg 14-6).

The catacomb may-be.molded-from- a.plastic
matenal cast, dle-cast _or machined: from metal.
Sometlmes the - catacombs are also . molded and’
fired from a ceramic material:

Fuzes for missiles often use the central-spine
support concept. In this- type of constriiction, a
structural ‘shape, usually .an. 1 or c—uclform sec-
tion, is used as the central frame of the fuze The
components of the fuzing' system are-attached to
‘this"frame; then- Jomed by. mterconnectmg cab-
lmg, with the covering- skin forming a second’
portion of ‘the structure surroundmg the fuze.

147 LUBRICATION:

-A lubricant is expected to perform the-jobs of
minimizing friction, wear, and gilling between
slldmg or rolllng parts. It must do these. jobs
under two types of condltxons (1) those -which
are inherent in the component element itself—
such: -as 1oad; -§peed; -geomatry; :and: frictional
heat—and (2) those  which are.imposed from ex-
ternal sources—such as- temperature and corapo-
sition of the surrounding atmosphete, nuclear
radlatlon, inactive storage, vibration, and mech-
anical shock. The unposed condltlons are usually
the more. restrictive ones for lubricant selection.

Mechanical fuze components contain elements
which undergo a vatiety of sliding ‘and tollmg
motlons, and combinations. of the two. For-ex-
ample, a-mass translatmg on guide’ rods involves
linear shdmg only, the balls in a ball’ bearing in-
volve essentially all. rolhng motion, and meshing
.gear teeth surfaces-experience-both.rolling and’
‘sliding . motions, For any given type of motion,.
‘the lubricant found to be satisfactory in one case
will :not ‘necessarily be suitable for another if
loads, speeds, etc:, are not similar.

Selection. of* the ‘propér lubricant requires not
only knowledge of the specific function which
‘the lubricant is required to perform in the de-
vice being lubricated. but also consideration-of

14.7
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‘Figure 14-5. Catacomb Amplifier

Figure .14-6. ‘Catacomb Amplifier With Piinted:

End’Plates
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¢ the mterachons rnclude chemxcal processes—
*such as_corrosion’ of the metal: pa:ts by compo-
) nents of. the lubncant «e;g,; corrosion; due to
oxrdatron OfoOS ‘in:the absence of surtable in-

T hrbrtors, or. solutron of copper a!loys dunng, 7 Jub-
‘ricant ox:datlon _processes; ot -physizal” interac-

trons .8 attack ‘by-active- orgamc matenals on

’ synthetlc elastomers and-plastic structural mem-

‘bers, In. addxtron, theinhérent: brhty, of the
lubncant ‘must’be consxdered ‘xdity ‘is of par-

x trcular m\portance Aif storag'e for iohg: -petiods of
time- ‘with- -or: w1thout elevated temperatures

(whlch speeds up. oxrdatxon rate) is involved.. (In

‘general; lubricants are mhlbrted agamst oxidation

by appropnate addmves, ‘but’ sinice temperature

"is an.important parameter, ‘the oxidation- sta-

bility - characteristics ‘of the lubricant; should be

taken- into-account if connectron with the ex:

pected storage life.-and' pertment temperatures

-of ‘the .mechanisin being lubricated): Oxidation

of fluid - o¥ semr-ﬂuld Jubricants -may lead ‘to
thlckemng .of the- lubncant thh consequent in-
creased»forces bemg requrred for operatlon, or
corrosive attack on the materials of construction.

LT A wide. vanety of fluid- and*semrﬂuxd lubn-
o cants are -available covering a wide temperature
range of- appllcabrhty, a-range- of compatlbrhty
with organic and inorganic structural matenals,
and a range- of other properties which niay -be
pertment -e.g:;, nonspreading, lubncxty; etc: In
addition, both dry-powdered and-bonded solid-
ﬁlm*lubncants are available, The chorce of a hib-
ricant depends onthe totahty ‘of functlons which
the lubticant must perform; and the structural
and fun.tional features of the mechamsm bemg‘
lubncated For example, avery severe nonspread
ing and 16w 'vapor pressure reqw:ement in con-.
nection- th}r long term-storage may lead. to a

choice: of..a solid lubricant; whereas- adhesion:

problems with bonded lubricants at-high loads or
with thin films-associated with Jow mechanical

tolerances' may complicate.the use of: dry film.

lubricants. In fuzes subject to high-rates of spin
(above 25, 000 rpm), fluid and semi-fluid lubri-
.cants tend to be displaced: by centrifugal force
causing loss of lubricant-and possible- contami-
nation of -other fuze parts. Requirements.for
cofrosion-protection ‘may ‘require .additives not
accessxble with dry lubricants,

‘In simpler fuzes, choice of proper.materials,
}  plating, and finishes cafi obviate a separate

S lubricant.
Descriptions of available: lubricants—oils,

greases, and solid—with summanes of then' pro-

perties -are contained ‘in ‘a. JANAF Journal
‘Article!? .

14:8 TOkERANClNG1

Al fuze- parts- must be properly: toléranced
following -good. desxgn prdctice. Every length,

diameter; angle, and location’ dimenision:muist-be

given dnd. definéd -in. tolerances as broad -as the
performance of -the part can tolerate:to: perrmt

:most economical manufacmrmg procedure Par-

trcularlv in hlgh-volume ‘parts, costs rise: rapidly
as tolera'u.es are made tlghter All fifs must be
stxpulated These fits should be chosen w1th pri-
mary conslderatlon for. functron -and’ accuracy,
‘but they- should be .usable .in jnspection. and
manufacturing: Al tolerance combinations and
permutations must be both worka‘)le and safe.

Assexnbly drawings, can: readxly show the phy-
sical .relationship of various: .components but
interferences and clearances must -be calculated
from the dlmeusrons“ Tolerancc stack-ups in-
dicate whether parts can- be properly assembled
and’ whether an assembly will . operate -as ex-
pected. Consideration- should be given to. ex-
pected user environments, tempeérature extremes,_
and their effects upon critical intetference and
cleararice fits.

It i$ imperative in- theidevelopment of mech-
anical timers and: fuzing that tolerance stack-up
determinations be complete before -the- manu-
facture -of::development. hardware.. It is Jurther
1mperat1ve that all’ engmeermg change orders
(development and production) request contmual
review, revision, and updating of origfinal stack-up
celeulations Wwith every contemplated. change.
Thisis. extremely important because tolerances in
mechanical ‘timer and- fuzmg systems are on order
of 0,001 inch. V alue engineers must be particu-
larly alert to- this, requrrement Even extremely
small’ undesxred interferences and/or clearances
can .cause:=(1) expensive farlures, those that are
difficult to. debug, (2) delay in meeting sched
ules, (3) cancellation of ideas that are worthy of
continued effort, (4) failures of an inconsistent
-nature, (5) inability to apply corrective measures,
and (6) uncontrollable quality assurance pro-
-grams;

The true-position’ drmensromng gysteém (de-
fined in MIL-STD-8Bj.is a-method of expressing
accurately: thie Yocation and size of critical fea.
tures of mating parts. True-position dimensioning
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consmts of estabnshmg exact locatxons of i lmpor-

"or basic; and using the true position symbol, with
a tolerance, to control the variation.of the- future
The system should be apphed where close control
or precise- mterpretatlon of locatwns is: needed

:the. desxgn stage. This, in turn, encourages the use
-of- realistic .and .practical .dmznsions.to satisfy
desxgn 1ntent

components is desirable-whenever feasnble How-
“@ver; m complex mechamsms, .Such as. tuners,

. 'where components- are small and tolerances are

3cr1t1cal comp)eteelnterchmgeablhty is often i nn-
practlcal ‘In these- instances, conformance w1th

) uthe tolerance specmcatlons may, be achieved. by

.iselectlve assembly of parts.
14.9. COMPONENTS

49,1 ssl.scnou'oszcowouenfs,

. In manycases, failure of- a fuze: ~omponent i is
a grenter calamity than fallure of a. componenté

in another system. ‘Eatly: activation. cahp cause:a
>personnel ~hazard. Improper activation. results in

failure of ‘the -weapon after- other systems have:

done their:job.

When selectmg fuze components, the fuze de-
s1gnercmust bear in mind that many components
-of, questlonable rellablhty for long-time applica-

tions:may. -be. entlrely :Suitable: for-use.-in-fuzes..
'Components with a relatlvely short operatmg-

life or with. failure. vrates that rise sharply with
fcyclxng might not be usable in other types of sys-

-tems, These cnmponents, however, might be quxtes

satlsfactory Hor. fuzmg apphcatlons. Evén though

some -fuzes-undergo many tests'prior to actual:

use, thelr total operating life expectancy is nor-
‘mally much’less than: that of other-weapon sys-
tem components; ‘and they arc. subjected to far
less cycling. Similarly, tolerances of‘some com-
ponents may prohibit their use.in certain-types
of electronic equipment, but they might be used
:in an-on-off fuze application..

The factors: working against fuze compcenent
rehabmty vary. with ‘the type of fuze with which
‘the components are used The requirements.for
Jong inactive shelf life, extreme eéfivironmental
conditions while in operation, and the.inability.
to pretest for complete function before use add

14.10

‘tantfeatures, xdentlfymg these locatlons asexact.

it involyes- calculatmg tolerance Aimits - early in-

Tolerancmg affects the- mterchangeablhty of’
‘ components Complete interchangeability: of

e~ N o~ s PEC TRy ey

to.the. dlfflculty in the selection of‘companents:

I"or ‘these reasons; the \deugner should ‘Uuse
standard- components whenever possxble (see
par. 2-4); he.ust be well:acquamted with the

envuonmental condmons under whlcl. the fv.ze»

operates (see par. '9:2; ]),~he must also recognize

'the effect of :the- combmatxon ofédxfferent cons

dmons Of«partlcu ar unportance is the relatlon-
ship between temperatunemnu rate of- chemxcal
action. Tlus reiatlonshnp ds- a'jcntxcal factor of:
fecting the- storage life;of equ;pment Explosxve
components present, specml problems te.thé:fuze

-deésigner (see Chapter 4).

14-9.2. ei.‘ecfménkcb‘ihébnéﬁ'rs

Electrical components :iire ‘those. electric ele--
ments used in: the clrcults of: electrlc fuzes
Capacltors, resnstors, mductors, transformers,
switches, transistors, and tubes: have special
nroblems as a- result:of theit: envxronment that
put- stnngent requn‘ements on- thelr ruggedness,
agirg, and temperature charactenstxts In- addi-

‘tion, the components must. meet many other

speclflcatlons dependmg upon ‘the: partlcular
fuze.in whichrthey are. to'be used:

Components must be mgged enough' to-.oper--
ate after mthstandmg sethack forces,. hlgh ro-
tational: fovces, and. occasxonally severe‘fiecelera-
tion forcés’imposed by target impact; Tosalle-
viate these requirements, ..omponents can:'be
mounted in :a preferred_ orientation: For- ex-

ple; a.fuze which 'is s’ubjected to liigh rota-

‘tional fo'ces can have its com onents so: mounted=
‘that the rotational forces operate on their strong-

.est” dimensions. Anotlier solution is. to. pot-all-of’
the components so as-to add strength to the en-
tire conﬁguratlon and 'to give: adcled support ‘to

"the wireleads,

To relieve the effects of agmgfand thermal
changes; three solutlons are available: (1):com-
ponents- mlght be.used whosé c*lgmal propertlest
are adequate (to begin with -or after burn-m),

\(2) the fuze-or‘the components alone maybe

hermet'cally sealed to>prevent excessive damage
from tre environmental condltlcns,for, (3) the
components can .be so chosen that-the'variation

in one iscopposed by that in another. The thlrd

1nd1cates that careful selection-could minimize

‘the" -fotal effect in the c1rcu1t For example, ina

51mple RC circuit, .a resistor whose vaiue in-
creases w1th increasing. temperaturé can be

‘coupled wrth a condenser whose value decreases

t
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these components are comparable, then the net

feffect onthe RC time: constant is- small

At present, practical limitations of size av. . rug:
gedness ‘on'components lunlt the maximum time

-delay. possnble with RC’ operated devxces to.an or-
der of magnitude of -ten: seconds., Res1stors are

available up :to. 10'* ohms and’ capacltors for
fuze circuits are llmlted to- a-maximum-of '10°

'mxcrofarads

An addltlonal problem is introduced with cold:
cathode dlodes and- tnodes These tubes- depend
upon lxght to prov.de mxtxal 1omzatxon This
problem has>been solved by placmg a band of

'radloactxve matenal around the tube The band

helps.to- obtain-a consmtent breakdown voltage.
The choice bet‘veen a dlode and-a triode is often
made on the basis.of avaulable energy becaiise- a
triode, while slightly more compllcated has more
efficient energy transfer characteristics..

Switches must be positive in actlon, must close
every time; should. have as low power losses as
poss1ble, i.e., low contact resxstance,“and should

.remain: closed sufficiently: long to permit the

power-source to deliver adequate energy to the

‘circuit.

14-9.3, MECHANICAL  COMPONENTS'

Mechanjcal components are the. operating.

mechamcal elements.used in fuzes. Some exam-
ples of these components are safing-and arming
mechamsms, armmg rotors, ‘timers; accelerom=
eters, and power-operated switches. .
These components differ from the electrical
components in that they are not usually avail-
able as standard items: It:is often required that
the fuze designer provide mechanical compo-
nents havmg characteristics different from those
presently in use. In this case it is to' hls advantage
to reap the benefits of previous work in the field
by starting with the basic features of an ex1stmg
deslgn having similar characteristics..In tnis way,
the ’rellabxlxty and envxronmental ‘resistance of
the basic design, are incorporated into the new

design.
The mechanical components must be rugged:

.ennugh {o perform reliably and to.withstand the

setback, rotational, creeép, and .target impact
forces that are imposed One. of the major prob-
lems encountered ‘in the: desugn and appllcatlon
of operatmg mechanical components in fuzes is
that of maintaining the proper frictional charac-

Yy

teristics after lorg periods of “inactive storage.
Lubncants, if used, must ‘be carefully chosen
(seé: par 14 7). in:components whére- the’ parts
require’ operating cleararices,. there is the-possi-
'blhty of frettang corrosionthat will inactivate
the component,

To relieve the .effects -of aging aitd thermal’

.changes, 'several solutlons areavailable. The fuze

-or: its. components ‘may be. hermetlcally sealed
-the components may: be chosen' so ‘that their

performar\ce is more than.adequate, or the com-

ponent - desxgn may- be-such that any varxatxon—

in performance with tlme would be inasnon-
crxtlcal direction.

14:10: USE OF ANALOG COMPUTER'

‘The .analog-simulation technique-is a valuable
tool in the design-of fuzes. This technique will
reduce the number ofsprehmmary tests.and- w1ll
aid ‘in ithe determmatlon of effects that.are diffi-
cult to evaluate by other means.

The -equations.describing, fuze-behavior are ex-

‘tremely time-consuming:to solve w1thout the aid,

of a’computer. Also, the instrumentation to: mon-
itor. the performance of vatiotis componentsqn
provmg grounds. tests is complex. The usual test

résult determines' only whether the fuze func:.

tions or..not.

In- contras.,, -the analog computer. determines
the elemental-behavior of the fuze- under con-
trolled laboratory condltlons where' every vari-

-ablevisz¢asily-changed and* its- mfluence on-each
component ‘observed. For example, the' effect.

of 'different setback forces or the effect of vary-
ing design parameters-such as masses or spring
constants can be readily mvestlgated

Fuzes of many different types-have been an-
alyzed using analog simulation® 3! 5. These fuzes

have included components such as mass-spring

systems. with various types of spring, clockwork
mechanisms,. dash pots, gear trains, “rolling, balls,
shders, and rotors. The simulations involve a.sub-
‘stantial amount of loglc elements to account for
the various operations such as the movement of

a detent a certain distance ireeing another'com-:
poneht and “bottoming and topping” action of’

springs.

Analog simulation is used by the test engineer
to- prov1de a more dlrected and ‘economical test-
ing program by providing more information
about the performance of the fuze. In cases
where manuZactured fuzes are not functioning as

14-11
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required, -simulation: can: -often indicate :the-

“troubled harea Also, .where it is-desired...o -use

proven- fuzes for new- appllcatnons, sunu]atxon is:

-useful- becaus:: any-type- of:setback curve canbe
-applied to .the ‘computer ¢
{Often a change in a fize.component is suggested:
.such:as-use of -a-lcwer-cost material. The physi-
cal. aharactenstlcs of thls materldl could affect
the functlonal performance of the fuze. I‘hls
change can be mvestxgated on -the analog coms
\puter, posslbly saving needless manufacture

Tolerance .studies ‘have also ‘been performed on:
‘the analog c¢omputer’ :{o- determme ‘what toler-
ance.range of a. fuze- component is. permxssxble

thout changmg the required functioning.

The fuze simulations mentioned- above are
typical' of. the many -that- have been performed
With the: advent of. hybrld sxmulatlon, the possi:
blhtles for -these fuze: studies are’'unlimited. This
type ‘of "equipment is well suited to these investi-
~gat10ns -because’ results are nnmednately obtained
in-a meanmgful presentation. With the repetitive
operatlon feature of this - qulpment it is poss1ble

A typlcal appllcatlon of the analog simulation
‘technique was the-analysis of performance of a
proposed :81 mm=mortar fuze Given the: blue-
prints for the proposed fuze and the weights of
its components, the.équations- -of motion:of the

mode > of the fuze..

b
variéus, parts of the tuze were sunulated and %
solved on the analog computer
ment:of the mam parts of the fuze. The plctonal
display (Fig. 14 7) used- cardboard cut-outs ‘to
simulate moving.parts. Time was scaled by-a-fac-
tor of,10* (10'sec.of computer time representing
T:msec. of real trme) to achieve slow motion, The -
board alded in vxsuahzmg the problem and proved
-useful in’ evaluatmg the desngn

The. armiiig- of -the fuze, was studled for two .
-different setback functlons (1).a 40—foot drop
test and: (2) a. zone-zexo, charge-zero setback
force. It was- found: thatthe fiizeé would art-on.
setback. but would. not arm:in the drop teat.

1411 FAULT zrn_gemary&s

One of the unportant functions of a fuzeora
safing and amiing device is o, keep the ammuni-
tion..item safe to store, handle, ‘and*use..This-
safety must contifue- after” the. item “has -been
placed.into use, and. until it i§ safely’ separated
from its launchet. and no longer presents a’ ‘hazard.
to the crew or surroundmg friendly. troops =

To test enough fuzes- of a-new- design {6 as- ¢
cextain its safety:features would'require:so many’ -
-samples that the cost would become prohlbxtwe
To overcome this problexn, a new method using

‘Figure-14-7; Fuzc.on
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«values haasbeen deveIOped This method, known:

as- Fault Tree Analysis, helps to assess'the safety
of a fuze oy.pointing_out:the weaknesses of de-
sxgn, matenal manufactunng processes, inspec--
txon=procedures, or.adverse environmental condi-

-tiong! ¢! 7,

An ltem may ‘fail in ssveral  different ways.
Hence, -it" is- essentlal that a. Fault 'I‘ree clearly
states. ‘the “situation/ to- be’ ‘ifivestigated: Some
typxcal sxmatxons are:

(1) Fuze -prematurely detonates -projectile.
dunng tmmportatlon and rough handlmg

2); Saﬁng and: armmg -device:detonates mis-
sile ‘before -minimurm. safe distance- down: range

(8) Fuze prematurely detonatés rocket ‘in
launcher

Havmg“selected ‘the: situation- to-be investi-

gated, the-Fault 'I‘ree 4s.constructed in diagram-

matic .form. ‘based on the pmposmon -that’ a:

‘.oglcal statement is either true or false, but never

partially true or. partlally false, These logical
statements are used to describe a condntxon which

'alone\or in combination w1th another condltlon

would cause an event. If ‘several condltlons, inde-

.pendently, -can. cause an-event, the: branch is

made- through an OR gate If two.or more condi-
txons are: needed to calise an event, the. branch is
made through an AND gate

When the. Fault Tree construction ‘has. been:

..completed -all::the- contnbutmg -conditions-are:

combinéd by ‘the use of Boolean algebra. Furthet,

.each- of the. contnbutmg conditions can be given:
2} probabxhty value of occurrence. These values

cansbe-actual numbers: if sufficient data exist or-

‘the values can be hypothetlcal based ‘6n engi:

neering ]udgment After the valiies have been. as-
sxgned and;properly substituted in the algebralc
expression, final probablhty number.can be de-

termined for the .hazardous condition being

scmtlmzed

While not the only method which-can'be used,
the Fault:-Tree technique is considered to be a
very -effective analytical' tocl /in ‘assessing the

safety of fuzes:. -
14:12: MAINTENANCE

Ideally,, fuzes. should ‘be completely mainte-
narice free ’I‘hey should be so désigned that they
can-be placed’on the shelf and- perform perfectly
when withdrawn for use 20 years later. Every
effort should:be. made to- approach. this.condition:
to produce ammunition having optimum ‘proper-
ties of handlmg, storage, shelf-life, and serwce-
ability:

Design- for. maintainability requires mcorpora-
tion of at least the following maintenance

principles' ®

‘(1) Design to minimize:maintenance-andsup-

ply’ requlrements through attamment of optimum

durability and.sérvice life of materiel.

(2), Recogmtlon of field maintenance prol-
lems éncountered in earlier designed items.

(3) Design for ease of maintenance by as-
surmg -accessibility to facilitate inspection, re-
pair; and replacement

‘(4) Consideration of tield maintenance based
on geographlcal locations and climatic condltxons

(5) ‘Design for maximum- utlllzatlon of inter-
changeable.components.

(6) Detectiony of c:mdltlons ‘which will ad:
versely affect the conduct of mamtenance ‘op-
erations. or generate excessive mamtenange and
‘supply requirenents.

(7) Design to effect maximum compatibility
of maintenance -operations with contemporary-
common -tools.

(8) Evaluation for ease’ of packaging, car-
loading, 3 and shipment.

9) Desngn to.enable removal. of major.com-
.ponents as'individual units,

i(10) Assurance-that proper materials dnd spe-:
cial treatment are used for maximum resistance
to detenoratlon

(11) Consxderatlon of long térm- storage. with
a minimum of periodic checks and maintenance
in storage
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151 GENERAL

’I‘hroughout the dévelopment of a fuze, the de-
-signer. submits. each component to- development
teste to answer- the question: Does.this. compo-
nient act’in the imanner-for:which. 1t is deslgned"
When the prototype of the fuze is built, -t is sub-
Jected to performancetoreproof “tests:in order to
answer the question: Does this: fuze satlsfy it reé-

quirementsk? Since- these ‘tests.ofter destroy- theﬂ
- fuze- and -since the available number of ‘fuzes is:

limited, it is necessary ‘to apply speclal methods
of analysis to-the test data’ There-is a definite
trend’ toward: standardization so. that:special-at-
tentxon is given to-standard tests (see Table 15-5

in-par. 15-5). There .are,-however, many -estab-

lished: procedutes- that «cah serve in: the absence.

of astandard’(seé Journal articles, Appendlx II).
15-2 PERFORMANCE TESTS.

Fuzes are tested in various ways.to.detérmine
whether they opérate as-intended, whether.they
are safe, and whetherthey withstand: dlfferent
environments.. Performance tests -include-‘both
those concerned with operation of the complete
fuze and of the individual components. Common
.or-standard- tests are described-and- -typical-labora:
tory .programs for. testing-fuzes durmg develop-
-ment phase -or acceptance phase of'the fuze de-
sign are suggested It is necessary to include test

programming in.the initial' planning for a: fuze:

development .project.

15-2.1 DEVELOPMENT AND ACCEPTANCE TESTS

Development tests are performed-to.evaluate

the designer’s latest effort; acceptance-tests-are

performed ‘to évaluate the final design and are:

often called approval testsor evaluation. tests.
Development tests seek an answer; while accept-
ance tests.confirm it. The tests are.similar, yet
they. differ in three respects:

(1) Development tests are-applied to indivi-
dual components, to modified fuzes or to the en-
tire fuze; acceptance tests are: apphed to the en-
‘tire fuze only. A.modifiéd fuze or:a test model

that lacks-one or more components of the entire
fuze is- often constructed for development ‘test-
ing.. Sometlmee a: spech component is -substi-
tuted -for the purpose:of facilitating 1 the test of a

;partxcular -fuze function-or action. To-test.arm-
ing- distance, for: example,. the desngner may. re-

place the- explosnve ‘train by-a ﬂashlcharge“that

ignites when the arming processis completed. In

acceptance:tests, on the other hand the fuze can-

-not’be so; modxfled Here, the: fuze is-presumed’ to:

héve -armed. when it functions at the -target. A
separate acceptance test-is required-to check:the
safe arming distance..

(2)- Development .tests are often more pre-
cise or:more severe than acceptance tests. Rather
than stop at the required limit, the designer pre-
fers:to test a given part until it is destroyed so as
to-acquire useful design dats For example most

fuzes are accepted if they withstand 1750 jolts

in each-of three-positions-on a-standard machine.
However; the designer may profit from the knowl-
edge that his fuze withstood:5 times that number
of jolts. As another example, in the arming test
mentioned: above, a flash charge permits the de-
sigrier to locate the distance at which the fuze be-
came armed, not merely- to determine that. it
armed’ within- a certain zone. These examples

-show*how-a-test:can: indicate:the- margmal point,
e the point where engineering judgment can

be effectlve in specifying further refinement.

(8) ‘Development tests-are specified by the
des1gner, acceptance tests, on the other hand, are
specified: by a Service Board: This arrangement
permits an evaluation byvan independent engi-
neering agency. The designer will always test:the
complete fuze to ascertain that the modlfrcatlons
he .has introduced -do not adversely affect its
overall performance. ‘However, §ince Jjudgment
governs the type of tests:selected ahd the number
of samples chosen, final acceptance tests must
-confirm the fact that the fuze does perform as
specified.

15-2.2 TEST PROGRAMMING"

Before any tests.are made, a test program
should be set up to include appropriate tests’ for
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each component and for“the entxre fuze. Each.

-program _should be adapted to the particular
fuze’ bexng deslgned A.sample program of safety

~and surveillance. is shown in Table 15-1. It is rec-
ommended that schedules of this sort. be:set at:

thesstart of:a' development program:. Such. plan-
ning: "mll -avoid -wasting: iuzes in.overtesting and'
will pemut sequentxal testing when - desired. For.

any particular fuze design, some: of these-tests:

may ‘be omltted whlle other more: appropriate.
ones-may:be. added It w,unportant that the sam-
ple size be sufficxently large that- the concluslons
are vahd (see par. 15-6).

The, order of “tests: must.be- consldered care-
fully. Sometunes, the orderis one of mere:con:
venience; at-other times,-a defmlte order is'essen:
Lal Generally -prior to fmng tests -a- partlcular
fuze- design. should- be sub]ected to a variety-of
tough- handlmg tests to insure that it is'safe-while-
‘being handled by proving ground personnel Itis
‘most’ desirable toperform sequential tests where.
thé same fuze is subjected first'to one test, then
to ariother. In this way,ycumulatwe effects-may
be.evaluated®. It is necessary.to i have extra fuzes+
15 is a typlcal quantity— for -comparison ‘pur-
:poses. These are inserted as confrols at various
stages in the sequential test.

TABLE 15-1. SAFETY AND SURVEILLANCE TESTS

MIL-STD-331  Typicdl
Test Test No.  Quantity
Jolt. 101 6*
Jumble ‘102 6
-Five-foot-drop 111 10
Forty-foot drop 103 10
Transportation vibracion 104 10
Temperature and humidity 105 5
Vacuum-—-steam pressure 106 5
Waterproofness 108 5
‘Salt spray 107 2

* Sequential in 3 positions

15-2,.3 COMPONENT TESTS

The performance of most components is tested
by- means other than firing, although firing tests
are -used occasnonally In addition to housing
parts, components may ‘be .divided into thrée
groups; (1) explosive elements, (2)- mechanlqal
devices that must be displaced (rotors, sliders,

15-2

-detents; sprmgs), and- (3) power sources that
provide. the:energy needed to.initiate the:first ex-
plosive element. The-lests. descnbed below are
concerned with perfonnance and simulate actiial
condltnons satisfactorily..

15-2.3.1. Explosive Elements

Since. fuzes must function; explosive compo-

nents-are the key:parts: ’I‘hey are tested singly or:

in combmatlon swith other- elements of the tran

Component: tests are’ normally ‘divided into: three'

parts—input, output and train contmurty—whele

the:last one is really -a combmatxon .of.the-other

two.

For-stab and-pércussion detonators and prim-
ers; mput is. s1mulated by droppmg onto thé fir-
ing pin ahail ofa known weight from a measured
‘height.. Flash detonators and other: flash mltlated
components are set off with a standard primer of
the partlcular train. Electric detonators are ini-
tiated from test sets, that simulate the charac-
tenstlcs-such as voltage, current, capacity,.and
duration—of .the planned power source,

There are.several explosive output. tests but as
yet there is no definite agreement as to which
test most aptly indicates the ability of a compo-
nent to transmit detonatlon to the next com-
ponent¢, While absolute results of these. tests
may be in doubt they .are a good yardstlck for
.quahty assurahce-and for measuring the effect of
minor changes In the sand bomb test, the deto-
nator is set.off .in a prescnbed flxture where it
crushes sand of a specified grade. The amountof.
:sand crushed is a measure- of output (see par.
4-2.3). :In the lead disk test (MIL-STD- 331 Test,
302), the detonator is placed on top of a speci-
fied disk- (usually Grade Blead sheet,.0.1345:in:
thick and 1% in, dxameter) The size of the hole-
blown through the disk-is a meastire of output.
In the steel.dent test (MIL-STD-331, Test 301),
the detonator is'placed within a prescribed sleeve
on top-of.a SpQCIfled size steel block, The depth
of the dent is'a measure of output. Depths range
from 0. 005 to 0.100 in.

The .explosive train continuity test determines
whether: each component in the train will’ be i ini-
tiated and whethe® the- final detonation will be
sut‘fnment for-its purpose. During ‘this test, the
components may be assembled in'line (the-armed
position) in eithera fuze or.a test fixtiire. In cases
where different tnggermg actions (impact, time,

graze) set off separate trains, each train must be .
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A centrifuge. conslsts of an:amm or plate -TO:
tated-about-an axis. Its pnncnpal use-is:for simu-
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meanmgfulﬂf the actuai rather than some simu-
lated” tests: mdlcatewbut do not: guarantee fleld
'perfonnancet In addition- to leammg whether a
train functions; it is-often desirable;: partlcula.rly
. when delay eleients. are used, to know how.long,

it takes. the fuze to functxon F‘unctlonmg time-
may be meastired on'an electromc counter. started:
‘with an unpulse from the input device and
stopped by a transducer that. picks up-light-or
ionization of. the. output flame.

The static detonator safety- test (MIL-STD-
331; Test 115) detemnnes whether the-rest:of,
the -train will ‘be.set off when the detonator is.
initiated in the unarmed position, Results of this

lation- -of setback The fuze-or its. parte canube
mounted in.various posntlons on-the arm of the
centnfuge as shown :in Fig. 15- 2. It can-be.seen
from Eq: 5-11-(F, =¥, rw2/g)that by rotating
the centnfuge arm, a force is exerted on the part.

The: équation: also shows that when the radms r
is large, the angular rotatxonal velocity -« must be-

kept.: small so that. the forces will not exceed the
'physwal lumtatxons .of the eqmpment Many

novel and: valuable techmques have been applied
to these: centnfuges, such as:; (1) optlca. systems
to observé:the part.during the test, (2)-slip rings
to take off -signals-for data recordmg, (3) data

TS R R P P VPSR

B SR Y O RS R L R0

s £ test -are -in.a sense. dlrectly opposité:to-those of  storag < systems to be camed on the rotating arm, 5
g ff -the last named test. The fuze or test fix ture must ~and (4) telemetenng systems using high frequency R
i & e modified:so that the détonator may be initia-  radiowaves. The acceleration-time patterns may S SN
be e tedin.the safe position. A’ typlcal modlflcatxon is be programmed for the part Smce the centnfugal 3 - 8
& # shown in Fxg 15-1. The test.is. successful if no forces depend -upon the- radlal dlstance 1o -the ;: ?
i explosive part beyond the arming device chars or  -part, that force changes if the part moves’ radidlly P !
G deforms and there has been no hazardous ejec:  but not if it moves: perpendlcularly to the radlus ¥ )
] o txon -of parts Hence, by proper fixture design; the- éffects of » )
A “ Typlcal quantities .are ten for each explosive axial accelerations (propulsmn), lateral accélera- g
3 %, ~u  train contmun,y and, detonator safety’ tests. tion (steering), and rolling accelerations can be «
. 3 : It inay also be. desu‘able\to measure the. cook-  simulated ‘and measured. Since- the strength of %
}« “ ~  off temperature of the explosives as described in  the .test device lmuts the. size of the specunen e
Uy JANAF Journal Article 43.0 (see Appendix II).  that may be. mounted, - centnfuges are built in 5
‘ . - various sizes with approximate extremes-as.given. &
: & TEST FIRING PIN in Table 15-2. "
. . A spin machine-is:used to simulate the spm-
s e ning of a fuze in ‘flight. In ‘this- test, a fuze is '3
; mounted on an arbor-and spun at’ the. requlred N
T speed. It-can-then:be ascertained,-for-example,. 5 "
"~ ’ whether a rotor does riot turn at the nonarm F
limit. (say, 1500 rpm) but does-turn at.the arm n
s [ limit-(say, 2100 rpm). Measurement is’by means %
v of a light shmmg through the detonator hole in . j;

# THISHOLE IS OMILLED 1N FUZE BOOY IN ORDER YO.INITIATE THE_DETONATOR
IN THE UNARMED.POSITION,

Figuie 15-1. Arrangement for Detonator Safety Test
15-2.3.2 Mechanical Devices

Centrifugal or setback forces.that are encoun-
tered by a fuze-can be employed, to move me-
chanical devnces These forces are simulated for.
test conditions by centnfuges, spin machines,
-air guns, and othet miscellaneous devices.

i - s~ o O st st

the rotor or by means of’a probe depending on
fuze construction. The movement of other parts,

.such a§ detents, under- the mfluence of spin cah

also be.determined.- by this machine. Instrumen-
tation -similar to -that used with centnfuges is
employed.

Setback forces may be simulated in:a drop test
fixture. or, more conveniently, in an air gun. The

-air gun is a;smooth bore cannon. with a ‘high-

pressure air \tank attached to. the breech and a
long pipe extending:from the muzzle. One type
of air gun operates as ‘follows: when a valve is
opened, & piston with the test component at-
tached is propelled throughtube and pipe against
a‘target. A velocity of 750 fps has been reached

16-3
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Figure. 15-2. Low-g Centrifuge

TABLE 15-2. DIMENSIONS OF PRESENT DAY
CENTRIFUGES

Acceleration, ‘Specimen weight,. Arm Length,

Type g W ) Jt
Lowg 100 100 14.5
Highg 60,000 1 15

in alr guns:One advantage of both centrifuge and

-air gun tests over a firing test is the fact that the

specimen may be examined' afterwards. Auxiliary
instrumentation is provxded in-thé form of high
speed cameras and strain gages: For impact tests
in.an &ir gun, the-instrumentation can be greatly
simplified if the specimen is.mounted stationary
at the target. position and a simulated target
fastened to the piston.is shot agamst it,

Test quantities-vary with requuements Five
to ten items are a reasonable sample size for air
gun tests If the items are-not-damaged in the
test, they can be used repeatedly: Both air.gun

.and centrifuge-tests also lend themselves well to-

operability tests at-extreme temperatures.

Since centrifuge and spin tests may be non-
destructive,.developmenta! fuze samples are fre-
quently so tested before and -after other testing
as applicable. These tests are also.used in quality

15.4

assurance‘inspection of fuzes in prodiction.

A shock machine covers the range. of ‘low ac-
celeratlons, below those of drop tests-and air
guns, F1g 15-3 shows a hydraulic shock ma-
chine—in .its concrete test pit—having a range of

:0'to 3000-5000 g. It is used to test graze 1mpact

sensxtmtv, fuze load during automatic ramming,

-6r-setback in-a-mortar- tube: It-can-operate .on.

controlled start-or stop of the piston. Piston mo-

tion is controlled by a series-of valves'to vary the

shape. of the shock.

Rocket sleds,, that now approach-hypersonic
velocities, are used for two purposes in testing
fuzes and amthmunition: (1) with the sled fired in
the.same direction as the projectile, the relative
velocities of sled-and projectilé can be-adjusted
for -projectile récovery -in éxcellent ¢ondition,
:and’ (2) with -opposing velocities, performance
under extremely high velocity impact can: be
assessed.,

Parac}'uie ‘réecovery methods are useful in
testmg fuzes. Missile fuze systems that operate

on burst hexght may be allowed to'go through:

the: firing sequence with subsequent parachute
deployment and intact recovery. Hypersonic
rockets, mortars, and bombs may:be used as test
vehicles for fuze comporients. The vehicle body
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‘Figure 15.3; Shock Machine

contains the parachute and deployment'mecha-
nism. in .addition to the fuze component-under
test. .

_Telemetering in the broad sense involves the
transmission ,of - data by:any meahs from a re-
mote and usually maccesmble point to, an access-
ible location?. Usually, telémetering refers to
electrical- means of acquiring- and’ transmlttmg
kdata transmlssxon usually being ‘accomplished

:by:means of-an-RF:link from-the:munition:-to a:

ground station. The requirement for telemetenng
data from fuzeswmay beé quite severe, as in the
artilléry fuze where survival of the telemetenng
transmitter, power source, and antenna is essen-
tial under -accelerations: in excess of 50,000 g
during setback. A tygical system meeting these
requxrementsnsshownm Fig. 15-4*. On the other
hand, the -felemetering equlpment in rockets,
‘bombs, and.grenades need:not be as-rugged al-
‘though size and weight mlght be critical’.

Often in military applications, a simple yes or
.no xesponse.will provide answers that will isolate
troublesome portions of the fuze in development
piograms Simple modifications of the munition'
may give a llght flash or a puff of smoke that can
be detected by a human observer or by a ‘de-
tectmg devxce However, for variable data such
as acceleration, strain in a member,.or rotor. posn-
tion,-conventional RF telemetermg Is necessary.

’l‘ransducers in. the device heing tested convert
the vanable being measured into an. electnca! sig-
nal: that .is subsequently used ‘to- modulate the
cafrier of an RF transmxtter Modulataon ‘in-
volves changing ‘the amphtude, frequency, or
phase of: the carrier. The signal is received, ampl;-
fied, and: demodulated on -the ground and ‘re-
corded on- mdgnetlc tape-or.on an- oscﬂlograph
for subsequent analysis.

If development.tests. appear to wanant -tele-
metermg, ‘it is wellto seek-guidance: from some:.
-one: famxhar wzth equipment and facilities of the
‘test area; ‘being considered for tise.

15-2.3.3 Power Souh_‘.es

.Power. sources- requn'e specnal ‘tests only .occa-
sionally:. ‘When the source is a- mechamcal trans-
ducer, such as.a spring or arotor,: it is tested hke
.any other ‘méchanical dev1ce -Hydraulic sources

‘may require pressure tanks or wind'tunnels if the.v
mediui is air-or-a gas; Electric sources, as well as-

auxiliary electric cirsuit components, are tested
as breadboard models in corventional ways. In
all mstances, the final test must éstablish that the

;powers source can’ set off the primer, or:detona-

tor, in the partxcular fuze.
15.2.4 PROOF TESTE

'The performance of.-a.final design for a .fuze.
is- eva]uated by actually fmng a complete round

:contammg thesnew-fuze; this-is-called a-proof-

test. Firing tests dre not only a powerful check

'on ‘the vahdltya of simulated tests, bit they also

pemut a check-on-perfonnance of .the complete
fuze when subjected to the. total environment.
that it will experience. The proof test is the only
means of evaluating final assembly operations.
and.possible effects of force combinations that
were not apparent when.individual components
were subjected to single forces one at a time.
Table 15-3 enurerates the type of information.
that can be detetmmed by proof tests..

Proof tests have not°been standardized to the

-same extent as other-tests because they must be:

adapted to individual requirements. that vary

‘widely.. It is, therefore, not possible to-describe
individual tests in detail. Test conditions, equip-

ment, quantities, and methods of analyzing re-
sults differ from fuze:-to fuze.
The basic.concept of the proof test is: A fuze
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Figure 15-4. Typical VHF High-g Telemetry Syster

TABLE 15-3. TYPICAL FIELD PROOF TESTS.

ARMING DETAILS*

Arming distance

-Arming time

“Parachute delivery

FUNCTIONING DETAILS*

Dependent upon Target Independent of Target
Normal.or oblique impact Clockwork
Penetration ‘Fluid flow
Delay Pressure (for mines)
Graze action Self-destruction

Sensing (for pgqximity‘fuze‘s) Rain and snow

Manual disturbance

* Proof tests should ke made both at ambient and’
extreme temperatures.

is tested at-all conditions similar to those under

-which it is éxpected-to perform.

15-3 SAFETY TESTS \

Y

Safety, tests, designed to mvestlgate the re-
qun‘ements for safe handlmg as. given in par.
9-2.2;-are of two types:

(1) Destructive tests are those where opera-

156

biiity .is not required. Here, the design is accept-
able evenithough the fuze may be damaged pro-
v1ded no explosive élement past -the- safety de-
vice functions, the fuze does not arm, and.it is
safe to dispose ofthereafter;

(2) Nondestructive tests are those where op-
-erability is required. Here, the design is accept—
-able-only when:the-fuze.is:not-harmed.and.“sur:
vives” the test by virtue of functioning afterward
as intended. Specific tests are listed below and a
suggested test program is given in par, 15-2.2:

15-3:1 DESTRUCTIVE TESTS
Drop, jolt, and jumble tests check the rugged-

ness of a fuze and, measure the sensitivity of ex-
plosive components when subjected to severe im-

pacts. Drop tests simulate the effects of free fall.

of fuzed items of ammunition during handling or

transportatlon It is advisable to perfonn tests at.

extteme temperatures (-65° to 160°F)’in order
to find out whether the materials or the compo-
nents are vulnerable at theseﬂtemneramres

The- 40-foot drop test (\’IIL-STD 331 Test
103) simulates a severe condition that' may be

met durmg normal handlmg Ammunition with

live fuzes is'dropped in free fall onto a steel plate
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-on .a reinforced concrete-base. The suverity- of
»dmp tests -is-. demonstmted ‘in thé acceleration-
time- traces reproduced in Fig. 15 5*. Five dif-
ferent. strnkmg orientations aré used:snose’ down,
'ba.,e down;. honzontal axis 45° from vertical
»With nose down, and axis: 45° from vertical’ w1th
nose-up. Fig. 15-6is.a photograph of a.40-foot
drop: tower. Not just-a mere-tower, a fuzée drop

tower*requn'es many accessories for anmumtlon'

hoxstmg and observation..

4001 o6 £7 onve 20000720 47 ohop
; ON EARIN: . ONSTEELPLAIE |
3004 15,000 |~
200 10,000 t
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1 1 !
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s TI6 s 0
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Figurg 15-5. Accelération Expérienced by 81.mm

Mortar. Projéctile Dropped Base Down

Thejolt test(MIL-STD-331, Test 101) requires
that the sample fuze be Jolted or’bounced-1750
times.i in-each- of-three- -positions.. This-testis- de«
signed: to expose-the most vulnerable plane of
weakness. A photograph of the appropriate test
machine, is shown in Fig. 15-7. During the devel-
opment phase, tests are sometimes contmued un:
til destruction to gain-additional design informa-
tion: On the other hand, many designérs re-

-quire operability aftér both standard.jolt and

jumble tests.

In the jumble test (MIL-STD:331, Test 102),
fuzes ‘are fumbled in.the appropriate:machine.
This test establishes- the basic ruggedness of a
fuze design. The machine (Fig. 15-8) consists of
a' wood-lined .steel box which. is rotated about
two diagonal corners at 30 rpm,

It shculd be noted, that-shape and size of:the
fuze being jumbled are' important ‘factors.and
may cause the machine to record shocks différent
from those experienced by the fuze.in’ actual use.

Aircraft may drop ammunition with unarmed
fuzes for two-reasons: (1) as planned (jettisoning

- BF ARMS N TEST

Figure 15-7. Jolt Machine:

-or parachute delivery), and (2) not as planned (ac-
sciderital missile release-during take-off or land-
ing). Several tests-have: heen. standardlzed that
simulate such fall: from aircraft. For example,
jettison tests may be performed in one of four

‘ways- (MIL-STD -331, Tests'201-205): (1) drop(

from -aircraft (for mumtxons that are.released),
(2) ‘launched from an‘craft (for munitions that
are fired), (3) sxmulated curcraft drop by fiving
from a ground launcher into a sand fnlled binata
velocity that approximates the terminal speed of
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“

a hlgh altltude drop, and (4). simulated. an'craft

‘launch by fmng from a ground launchar. Tn all,
cases, arming wires are left in place and the. fuze-

must not explode after droppmg Tests like these

are becommg more populdr-and.are. expected to

become more apphcable to all types of mlhtary
items.

The accrdenlal release ('low altitude, hard:

surfice ) test (MIL-STD-331,; Test. -208) is used
to determme whether, fuzés assembled -to muni-

tions: released from an aircraft duringiake off or-

landmg will remain safe aftér hiard-surface impact.
The:need- -for this test arises from the possibility
that the malfunctnon of.an alrcraft or its release
equlpment (occurrmg during or 1mmed1ately
after takeoff or:landing). could accidetitally re-
lease or necessitate the release of munitions.

‘The muzzle impact test (MIL-STD 331 “Test
207) determmes whether a. fuze is-bore safe.
This test is performed under actual conditions but
with mer‘.‘, missiles. A target that relxably initiates

the fuze is placed as close as feasible to the:

muzzle,
The inpact safe:distance test (MIL-STD-331,

158

Test 2"") determmes the distance from the
weapon within ‘which- the fuze will'not. function
as a result, of impact if free to-arm. This test is
performed under the.same conditions as those
for the.muzzle.impact test except that. the. target
is placed at several positions near:the. minimum:
distance specified in desigh requirements.. The
percentages that function are determined-at each
position along:the range. Flg 159 showsa typical,
-curve'of results for a 20 mm fuze.

The missile pall- offfrom aircraft tést.(MIL~
$1D- 331 Test 209) is to test the field safety
during arrested landing. It is used to assure that
the fuzé will undergo impacts in ‘the unarmed
condltlon equivalent to.those that mlght be re-
<ceived if the munition-were to strike a’hard sur-
face after accidental release: during an'ested
landmg

The time-to-air burst test. (MIL-STD:331, Test
210) isan operational test used to determine the
timing error- of the fuze under fleld firing condi-
tions. It consists of firing a time fuze, assembled

to.an-appropriaté explosive’ loaded projectile, set \
to function at a predetermined time. The time t¢ ’
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“burst-of the-fuze is.decermined by. measuring the
txme of flight, of- the. pt‘ojectxle fromthe-weapon
fa the: ‘poitit. of*‘burst Some-of; the systeins used
to-measure txme to-aiy burst are-slop w’xtvhes,
»ele\,tric clocks,-and. fu/e chronogmphs

106 e i e e e e
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‘Figure:15-9. ‘Results of Imprct Safe-Distance Test

15-3.2 NONDESTRUCTIVE TESTS

These tests check the permanence, fuggedness,
and reliability.of the fuze safety features:by simu-
Jating a wide variéty of actual. handlmg and
transpo  .ion-conditions such .as:vibration: and
short drops. Some designers also require opera-
bility after jolt and jumble tests. ‘These-are .de:

scribed in the forégoing text. A number of tests.

deliberately- exaggerate: the conditions-to which
the fuze may be exposed Often these tests' are
p_erformed in sequence to.make surethat cumu-
lative effects of the tests‘do not.weaken the fuze.

The parachate «drop test (MIL-STD-331, Test
211)isa field:test lo determine whether the fuze
will remain- safe and operable aiter subjection.to
the forces-incident to parachute delivery. It con-
sists of dropping, from an aircraft, fuzes in pack-
ages to-which parachutes are attached. Fuzes are

ST Y Fratee PP ~ PR ~

also etesb*d”’for safety:in the. event of asmalfunc-
tionin: parachuta

The-catapulr and arrestad landms test-(MIL-
S[‘D 331, Test 312) is ‘neéded -¢0: assure ‘that
fuzes‘can, thhstand catapiijt takeoff and arrestcd‘
landmg forces -and*yet remain- safe 'oo txansport
shandle; and; store, as'well -as yenain=in- operable
condlhon The fuze i5-assembled, unam.ed in
xthe me.rt-loaded mumtlon for: whichit wdesxgned
.or-in‘a suxtdble test fxxture The test itern ‘s. cata-
pulted ge accelerated to ‘oblaifi the acce!eratlon
time pdttens. required. Each- acceletated fuze is
exammedwfor evidence of*unsafe condltlonv

The transportation.uibration test: (MIL-STD
331, ’l‘est 104) cons1stszof vxbratmg sample fuzes
accordmg to a specxfled schedule of. frec,uencm,
amphtudes, and’ durat:lons 'I‘hey are vibrated
“both-in-and out. of: ‘their shlppmgmontamevs 1In
this. iest, fuzes are accepted ifr they%show reason-
able ‘wear: but they are rejected if .seriously:
d'unaged Enginéering. Judgment and'laboratory
or field. testing determine whether bordﬂrlme
damage is-likely ito: affoct safety -or operablhty

‘The equipment for this test consists of a spring-
mounted table having an adjustable, unbalanced
-rotating weight- attached to the underside. A re-:
mote -control: system regulatos the VCrtlcal mo-
tion of the table by shifting the rotating' we:ghts
and manual control of .the motor speed regulates:
the frequency of vibration. A photograph of the
transportatlon-vxbratlon machme is shown .in
Fig. 15-10.

The 5=foot.drop test(MIL-STD-331, Test 111)
simulates severe shocks encountered during acci-
dental mlshandhng in transportation or service
use, Fuzes (assembled to their inert-loaded
‘carrier) are dropped.5 feet on toa-coricrete sup-
potted-steel plate. Five different striking orienta-
tions are used: (1) nose fdown, (2) basé down,
(8) horizontal, (4)-axis 45° from vertical, nose
down, and (5) axis 45° from vertical, base down.,
The 5-foot drop- tést differs:from the 40- foot
drop test “Whichus ,,olely a destructive test-at an
extreme condition. After the 5-foot drop test,
the fuze must perform as.inténded.

The rough handlingtest (MIL-STD-331, Test
114) simulates rough handling which may be en-
countered by fuzes during transportation and
handling while n the standard packaged condi-
tion. The test consists of subjecting the packaged
fuzes to vibration, free fall drops, and recurring
impacts.

15-9
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Figure 15-10. Transportation-vibration:Machine.

15-4-SURVEILLANCE TESTS

Surveillance is the observation,.inspection,in-
vestlgatlon, test, study, and cIasslflcatlon ofram-
munition; animunition. components, and explo-
sives in movement, storage, and use’ thh respect
1o .dégree of serviceability-and raté: of detenora-
tion. Since fuZes.may be kept in storage over a
snumber of years, they require surveillance at their.
place .of storrge :to determine their serviceability
at any given time. Tests to detect physlcal and
chemlcal changes-as well"as to- check operability.
are -performed .at intervals of six months or a
year.

15-4.1 .FACTORS AFFECTING SHELF LIFE

Fuzes are adversely.affected by corrosive at-
mospheres and extreme heat-or cold; but the two
most destructive factors are moisture- .and fire.
Protective coatings are used to decrease the for-
mation of harmful c‘“xemlcal combinations, Pro-
tection agamst fire is best afforded if the packmg
cases.are constructed of metal instead of wood.
The designer should keep these basic concepts in

mind:: (1).the fuze should be as méistureproof as-

possible, and (2) the explosive components and
the methods of loading should be such- that long
storage of the fuze, either alone or assembled in
loaded .projectiles, will not result in deteriora-
tion or in formation of sensitive chemical com-
pounds. If hermetically sealed ¢ans are used,
many, problems do not arise.

Since explosiveés deteriorate more rapidly and

15-10
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‘metals corrcde ‘more easily in the presence of
amolsture, -the ptobiems of moisture sealing.and-
:surface. treatment are paramnount. Corrosion-i ds°re-

duced by: platmg and:sealing. Since a. coatmg also
séals in: :any entrapped moisture, a small amount

-of:silica yél as an absorbent has on occasion. been-

mserted in: each fuze. In certam instances, fuzes
are filléd’ with an.inert. gas such as. fre0n :Poly-
sulfide rubbers and-epoxy resins‘dre representa“

itive- of -sealing-materials.. Each has certam quali-

ties that miake it sultable for the dlfferent compo-
nénts of-a:fuze.

of all fuze parts, the explosive- componeénts
are the least stable so that precautions shiould be
taken to insure -their operability over an ‘ex:
tended period: It is:cxpedient to. conduct accel:
erated tests under simulated- condltlons because
the storage interval is. measured in ‘years. Some
indication of the detenoratlon can be- obtaxned
if tests are ¢arried out at high,temperature ‘and:
weight loss; :gas evolved time until -nitrogen ox-
ides-appear, and’ 1gmtlon temperature are meas-
ured.

For example, thé raté of gas evolution.is:given
in Tab]e 5-4 for equal weights of sume common

exploswes These values indicate \the chemical:

stability -of thie explosxves frefn which their per:
formance may:be deduced. Lower values are pre-
ferred and all up o 5 ml are acceptable.

TABLE: 16-4, VOLUME.OF GAS EVOLVED iN 40
HOUPS IN VACUUM AT 120 -C.

¢60/60-Amatol- 4:53-ml:
Tetryl 2.98
‘Explosive D 0.52
TNT 0.44.

15.4.2. ACCELERATED ENVIRONMENT TESTS:

The fuze desighér should get advance informa-
tion on how well his fuze will withstand the ef-
fects of storage by subjecting. it to-accelerated
tests of salt spray, humidity, temperature, moist-
ure, and fungus. Since long-term tests cannot be
tolerated during development severe environ-
ments. are used for.a short period to -simulate
milder environments over extended periods;
‘hence, the tests are accelerated.

All environmental tests are performed with
bare fuzes containing-all of their elements. The
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fests»arecnondestmctue, i;e.,-the-fuzes must-be
‘hoth sife and-operable after: the tests:

The« 11t spr ay (fog) tc.st(MIL STD:331, Test
107) is' used to ascertain- the extent-to'which the
fuze is- waterproof and corrosion resrstant The
test ¢onsists of exposmg bare fuzes to'a sait Spray
atmosphere continy ously for-48 hours. to check
-operability and for,96 hours to check saféty. The
fuzes mustbe safe;followmg the 96- hodr test but.
both safé- ahd operable followmg ithé 48-hoiir
test Many times, ymdmdual components are.re-
-quired-to-be able to.pass a similar tést.as a quality.
control’ checl\ ofy their protectlve coatmgs

A schematlc layout -of "the test.chaimber.and
the: orrentatlon’cf thé fuzes.to be. tested is shown
‘in Fig. 15-11.

The standard temperature and humidity test
(MIL STD-321, "Test 105) is considered -fo be
best for use. durmg development of fuzes. The
test involves exposing bare fuzes to two 1dent1cal
14-day cycles for a total of 28 days. Durmg_
these perlods, 7fuzes are heated to 160° F .and:
ther cooled to =65°F nine tures A relative
humldlty of 95 perceiit at the high temperatures
is.used to.acceleraté the damage: Static.and oper-
ational. tests under field’ conditions are used.to
determme whether the fuze withstood the test.

Fig. 15 12 shows average heatmg and codling
characterlstlcs of fuzes- subjected to the tempera-
ture and humidity test cycle..

The..extrene temperature storage test (MIL-
STD-331, Test 112) is uséd to  check-the ability
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Figure 15-12. Cooling:and Heating Curves of
Fuzes Subjected to the Temperature
and Humidity Test

of fuzes.to-withstand prolofiged storage at ex-
treme temperatures The'test: consists of: placmg‘
the fuzés in a temperature chamber "at 65 F
for 28 days followed by exposure.at 160°F for
an additional. 28 days.

The vacuum-steam-pressure test: (MiL- STD-
331, Test 106) simulates tropical climates. It is
‘especlally important for fuzes that contain- elec-
-trical components, The te§t4has been found to.be’
the-equivalent of about eight months storage-in
the Pacific. Each sample fuze is exposed to 1000
consecutlve, 15-minute cycles in avacuum-steam-
pressure chambeér. Fig. 15-13 shows a typical
‘installation..

ARE IN THE PLANE
CHAMBER

. / SPRAY NOZZLES
S0 NOSE DOWN, AXIS 18°
NOSE UP,AXIS BELOW HORIZONTAL . )
" 159 FROM vsmcu..
- L. S -~ AIR SUPPLY-
| \&‘ﬁ\\ : 1 R5%s
\bo\ \g ‘f—l T ': :
NOSE DOWN, AXIS e s—\k\"“
15° F.ROM VERTICAL NOSE'US, AXIS 18°
ABOVE HORIZONTAL L]
reo’
N-10Cms O — .
F06 .
COLLECTOR U AR
SALT SATURATOR
| socution

Figure 15-71.

Layout of Salt Spray (Fog) Chamber
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Figure.15:13. VacuumStzam Pressure Chamber

Tu the uaterproofriess test {MIL- STD-331,
Test 108); fuzes are- 1mmersed in water to- de-
termme their abxhty to w1thstand water pené-
tratlon.-After soaking. for one hour.in. water.con-
taining -a fluoréscént dye, they are examined
under ultraviolet-light for évidenice of moisture.

The: rain. exposure ‘test (MIL STD- 331,(Test~

109) is intended to simulaté fi€ld operations to
which-the fuze. m:ght be sub]ecfed during stor-
age in ramy weather, Thé test consists of placing
bare fuzes in a test chamber where. a*water dis-
tribution system, generally smulatmg ramfall
causes droplets to fall upon- the- test fuzés.
The fungus resistanée test(MIL-STD-331, Test
110) consists ‘of exposing bare fuzes inoculated
with fungi to conditions condicive to fungus
growth to detérmine if fuze performance is ad-
versely affected by this environment. The ap-
pearance -of fungi on the fuze is not in itself-a
cause for rejection, unless the growth could con-

ceivably interfere with the safety and operability-

of the fuze. ln'this respect;thictest-differs from.
tests designed to evaluate fungus resistance pro-
perties as such.

15-12

The thermal shock-test (MIL-STD- a3t , Test,
113). consists of. subjecting. the fuve ‘to thermal,
shocks (thrée hot and three cold). between the

demperatures of - =65°_and 60’ Fwithin_ 2hours

to determine- whether the fuzes will W1ths*,and
the effects of. sudden changés in temperature.,

In addition to fheseamore common tests,, the
fuze may be subjected to other ennronmenfal
conditions that it i may encounter; e.g., the cold
and dryness -of the polar regions and the low-

‘pressure, cold air streams at’ hlgh altltude. Pro-

cedures ace avallable to test effects;of sand and,
dust, solar radlatxon, low pressure, and -sensi:
t1v1ty of the fuze to rainfall®. A\number of rain.
simulation techmques have ‘been developed"; :
description of a'simulated rain field test facility
follows’.

A simulated rain .field (located at Holloman
Air ‘Force Base, Alamogordo, New Mexicn) has
been successfully used in testing for rain sensi-
tivity and erosion of point-detonating fuzes.

Functioning of various standard PD fuzet'(not

desensitized agamst rain functlonmg) has been
induced by firing thé fuzes from cannon or by
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rtramportmg the. fuzes. on-rocket-propelled’ sleds
‘through . the sunulated rainfield. Velotities from
1500-to 2700 ft/bee appear to<be the mtlcal
range for-fuze fum,uomng Functxomng at; hlgher
veloutles can also: beereahred however, approx-
lmately 3000 t’t/se(, seems: to be the limit. for
most ‘present day artlllery mumtron» reqmrmg
pomt detonatmg fuzing. A typxcal rain field is

créated by placing water spray nozzles panllel to.
the- hne of-fire or parallel.to-the rocket sled’ ralli
at a- sultable height and angle Watet is supphedt

to the nozzles at the pressure-which will‘produce
the des1red amount and size of water. droplets.
Avallablhty of water in -sufficient. volume and

-pressure is cntlcal Tl;e density ot‘ Jarge rain drops.

(greater than 4 mm diameter) in.simulated rain
should' be several times-greater than that-of a

‘typical’ héavy tropical rain so. that a-corréspond--

ingly greater range will be s.mulated by a‘prac-
tical distance.of rain facxhty ;For ox'unple, ain
produced by«a test. famhty 0£1200. ft in length
should be: 5 times greater in densxty of 1 rain drops
in ordér to simulate a naturalrain shower of ap-
_proximately 6000. ft of depth.

In both cases, the.probahility of 1mpactmg a

similar- number ‘of- drops of equlvalent size would
be. approx;maﬁtely the same.

155 MILlTARY STANDARDS AND SPECIFI:
.CATIONS

Standard tests and specifications are essential

for eff1c1ent dperatlon, intelligent desxgn and’
successful mass production. ‘Th&y permit Uni-
form evaluation and promote intérchangeability.
Mdltary Standard Tests have been established for
all mllltary 1tems and the tests in MIL: STD 331
contam the 'bulk. of the information on fuze
tests.

In -addition, there is for each service fuze:a
Military Specification' that describes it fully
Typical. headings of a fuze. specificatiofi-include
Mname; purpose, description, requiremetits, rélated
specifications, -handling or safety precautions,
and assembly -drawings.

A series .of Military Standards covering perti-
nent technical 'knowledge has been developed
jointly by.the Army, Navy, and Air Force. Some
of these Standards and ‘Specifications list mate-
rialsand eomponents used in fuzes, and suggest
methods for testing, $ampling, and packaging.
The Mihtary Standards for fuzes are tests for
checking both safety features, and operation of

AW

fuzes:and. fuze components. It is'the pirpose-of
the safety tests to detect unsafe. conditions and.
to-make sure that- fuzes will not break,. deform;

arm, or* beécome - -otherwise dangerous to; hand.e
or use. It is the purpose of the operation: tests to
determine whether:a fuze:operates satlsfactcnly
during-and. aller a given set-of conditions, and o

xm'xke sure .that fuzes drm, penetrate targets,

destroy themselves, and. ‘otherwise function-as

'mtended

MIL S'I‘ dests.on- fuzes are.divided'into three

m‘unf’catcgornes ay L'xbor‘,tory, -given the 100:

series-of -test numbers+.(2) F.eld given:the 200
series$ of test numberq, and’ (3)’Exploswe Compo—
nent, given -the 300 series. of” ‘test numbers. In
addition'to these portions.of MIL: STD 331, there

are three: 1'1ddmonal Mnhtary Standards that ap-
'ply to fuzes. MIL STD-320 covers termmology,,

dimensions, -aid: materlals of exploswe compc:

nents ‘used. in fuzes;. MIL STD-322 covers the
-évaluation of- electncally initiated explosive de-

vices that-are used:in-fuzes; and aMIL-STD not

yet numbered covers fuze: threads and contours.

for artillery -and mortar ammumtron Alliof the

-pertinent:MIL-STD tests that”apply tOAfuzes are

listed.in 'I‘able 1525,

MIL—.:TD tests are:not usually” speufred unless
they serve a definite purpose “The selection of
tests for appllcatlon in a specific .case requirés
engineering. judgment. ‘In no case should testsbe
applied 1nd1scr1mmately without due considera:
tion: as'tomnecessity and costs involved. The fize
tests are grouped together for convenience, ‘but

not with-the intent that. -all'should apply-to-every-

development or productlon On thé other hand,
these tests are standards. Once.a partlcular test
has been prescribed; it is mandatory that itsbe
performed precisely as.specified’ w1thout excep-

tion or.deviation,
Occasionally durihg development, certain tests

are conducted on fuzes where ‘detiations' from
the MIL-STD’s. are required. If thls is the case,
when the test is. téported, the devxatlona should
be suff1clently described. in- order to per'mt
another peison to;repeat this test.

15-6 ANALYS|S OF DATA

To make certain that-his conclusions are valid,
the fuze desngner emplovs statistical procedures.
Such procedures have been developed from the
first step of selecting'a sample to the final in-
ference of future performance.
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e ;- : TABLE.i§5. MILITARY-STANDARDS FOR FUZES ;
Z’::’ _‘ ; 1 MIL-STD:331, Fuze andt Fuze Compom.'nts, l'nvuonml’nml and. l’ufor‘!{l!!!ice Tests.For, :
s - : 10 Jariuary 1966 ;
. | SapersededML-STD ‘ ]
3 ’ Test Noi Tatde Nos.  Date
" : o CIass 106, Laborator ory Tests T T _ ,
E 101 dot - 300; 350 6:duly 1951
b 102 Jumble 301, 351 6 duily T95% '
103 40-foot Drop 302, 352. 6 July 1951
'f : 104 T??{ls‘pc’?f.tathn-Vibr_ation 303 22 July:1963
. - : 353 15-October 1963 -
. 105 Temberature Humidity 304, - Glulyissl :
- 354 ‘97:March 1952
E : 106 'Vacuum SteamPréssure 305, zevmgp;c}{;lgg,z o
B 355 13‘April'1953
" 207 SaltSpray(Fog) 306, 27 March 1952
9 356 13 April 1953 o7 f
108 Watefproofness 814 " 20:Septémber.1954. -
f’ 109 ‘Rain Test (Exposed Fuze Storage) 323 ‘5 Jurie'1953
_1 110 Fungus Resistancé‘ 324 12 June 1965,
4 111 5-foot Drop 325, 30 Septembcr 1963
‘358 '1'7 November:1958
112 Extremeé Temperature Storage 326 "7 October1963
. 113, Thermal Shock 327 11 October 1963 )
' 114, Rough Handling (Packaged) 328 15 October'1963;
115 Static Detonator Safety 315 29 November 1954,
i Class 200, Field Tests '
1 201 Jettisen (Aircraft Safe Drop) (Fuzes) 307 17 November 1958
c 202 Jettison (Siniulated Aircraft Safe 308 -4 August 1953
] ’ Firing, From Ground- Launoher)
(Rocket Tyre)
203 dJettison (Simulated Aircraft'Safe 309 -5 August 1953
% Drop, From 'Ground Launcher)-
3 204 Jettison (Aircraft Safe Firing) 310 5 August 1953
z (Rocket Type)
y: 15-14
i1
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TABLE 15.5. MILITARY STAMDARDS FOR FUZES (Contd)

N Supersedpd ML-STI)

Test No. Title Nos ~ Date
('lass 200, Field Tests {(Cont, d) o

205. Jettison (Aircraft Safe:Drop) 321 1 September 1959:
:(Fuze Syste ms)

206 AccidentalRele..s2 (Low-Altitude, 311 4 August. 1953

- Hard Surface). ‘

'207' Muzzle ITmpact Safety, __(I’rojectile)l 312 15;Januaxy‘1954

208: Impact Safety Distarice. (Projectile) 318 15 January 1954

209 Missile Pull:off from Aircraft on 118 -6 February 1959.
Arrested Landmg (Ground Launchét
Simulated)

210° Time-to-air Burst (Projectile Timé) 819 20 May 1959

211 Field Parachute Drop 329 4 November 1963

212 ‘Catapult and Arrested Landing- 330 7 November.1963
Class 300, Explosive Components Tests

301 Detonator Output. Measurement by 316 23'Noveémber 1961
Steel Dent.

302 Detonator Output Measurement by 317 17 December 1959

‘Lead-Disc

2. MIL-STD-320, Terminology, Dimensions, and Materials of Explosive Components, For Use

in: Fuzes, 2 July 1962:

3. MIL-STD-322, Bas ic ‘Evaluat ionifor Use in Deve lopment of Electrically Initiated

Explosive

4. MIL-STD-

Comporents for Use in Fuzes, 15‘October 1962.
; Fuze Thread, Fuze Contour and Projeéctile Cavity Designs for Artillery

and Mortar ammunition. (Under preparation at present—use-ABCA:Army-STD-101A

during interim.)

It is 1mportant that all variables:be considered-
when analyzing test. results. While the importint
variables may be obvious, care must be taken ngt
to overlook any critical parameters. Often a
check list is-helpful for this purpose.

Fuzes are manufactured' in huge lots from
which only a few are chosen.to be‘tested. These
constitute a “‘sample” that must be selected care-
fully. Standard statistical- methods: are avallable
to make sure that sampies aré selected “at
random” to represent the lot faithfully. If the

sample is large,.its behavior.under test will con-
form closely with that of- the- orlgmal lot. How-

ever, the sample size has practlcal hmltatlons

based on costs of procuring fuzes and’ r\mnmg
tests, particularly so because many-tests are-de-
strictive .so that each fuze can- be tested only
once.

Realizing ‘the importance of considering all as-
pects-of evaluation, the filize designer is particu-
larly concerned with the pecuhantles arising
from fuze testing, with sampling procedures, and:

15-156
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with data analysis. Analysis-of.variable data dif-

‘fers from that of yes-or-no data dnd safety analy-

sis i separated from- emphasls
The development of fuzes is complicated by

‘the fact: that the.only completely reliable test is

the proof test i.e. testing the fuzein the muri-

;twn for-which it: was designed but under: simu-

lated’ combat conditions. Since proof testing
usually destroys and (.ertamly damages the fuze,

the causes of malfunctlons can not be rehably
‘found . by, examination. Thus ful,e criteria“hdve
1o be.détérmined- by statistical mfereme Econ-
omy ‘requires that a-small sample be tested, but
confidence in a hxgh reliability cannot- be assured
if the test sample is too small..Since the: prmcxples
of statistics make it possrble fo. attnbute 1 cer-

tain degree of- confrdence to the results obtained-

w1th a-sample’ of gwen size, the desrgner can-de-
terrmne what conipromise between: -aceuracy- -and.
economy ‘must be adopted in his particular.case.
In laboratory tests, it‘is possible to measure the
parameteérs of the fuze ‘arming mechamsm asa

continuous. vanable On the other hand 1t is.

:possible to measurc those of the fuze- functlomng
mechanism. only for quantal response (yes or.no,
fire or mlsfu'e) Even-though the data from- thesc
‘two types of test must be treated dxfferently, the

conclusions-may ‘be drawn in the same manner.

Since test-data exhibit dispersion or scatter;
nearly all measurements have -a dev:atnon from
the -average value. Thus there are at leaat two im-
portant quahfymg terms. about -a. set of-data,
namely, the average- -value or anthmetlc méan,
and 'the:standa. d’ de\natlon a. defmed as the root/
menn square of the devnatlons 'l‘he first: md:cates
1he central” value of the data and the second the
spread, -around 4{hat value Further, when apply~
ing- <the-- -average sample measurement to the lot
from which ihe sarr ple-was chosen, the desxgner
must- speak only-of a probable value.of-the meas-
ured: parameter: Then: from thé standard-devia-

tion -of ‘the sample valuée and- from the sample,

size,. this-probable value is- quahfxed by-a state-
ment of- confldence in its correctneSa

“The concepts .of random sampling, ‘frequerncy
dlstnbutxons, measures of teliability, 'statistical

sxgmflcance and, practxcal significance should all-

become part-of-the designer’s workmg vocabu-
lary so that, at the very minimum, hé can récog-
nize those situations where-a.professional statls-
tician is r qun'ed The subject of: expenmental

statistics almed specifically. toward mlhtary“apph—» )

cations is the subject of other hat.dbooks® '3,

REFERENCES

a-t'Lettered teferences arelisted at the end of this
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“This- Adlossar)" is prmupall); ah exwrptr of
Noucnclature and Definitions in the Ampuni-
tion Area,MlL-STD 444 -Change 2, 9 July. 1964

:Dehmtxons are' often abbrevmted and: non-fute
’,terms are-not- mcluded

Actuator—An explosnve device that produces gus:

at, hxgh pressure in- short periods-of time into.a.

confmed volume for--the purpose - of’ domg
work Dunple -motors, bellows motors, and-
sthches -are examples of-actuators.

Ahgned—Smd -of -an. exploswe train -when ar-
ranged ‘in. :such order that the detonatxon
wave' ‘can’ propagate as requxred for func-
tnomng

Ammumtton—A ‘generic term. for. mumtlon dn-
cludmg all materials thrown- or used agalnst an:
-enemy-: Items of -ammunition.are explosive or
pyrotechmc devxces used’ mamlysto inflict dam-
age" upon mxhtary objectives but also used for
such purposes as- illuminating, Signaling; de-
molishing, or operating-mechanisms.

Angle ‘of Entry—The .acute’-anglé between the
tangent to:the trajectory-and.the perpendicu-
lar to-the target-surface. It:is the comple'nent
of the:angle-of .impact. Also called angle. of
obllqulty and angle of-incidance:

_Angle. of Impact—The acute angle between the

tangent to the:trajectory and the'target plane.
It is the.complement . of the angle of entry.

.Angle of. !ncidence==See: Angle of:Entry.

Angle of Obllqulty—-.See Angle of Entry.

Antiremoval Device=A dev1ce atlached to a land

. mine to protect it agamstrremoval

4Amod—The condition. of a fuzé normally re-
qun'edx to-permit: f.mctlomng

Armmg—"‘he changing from.a safe conditionto a

staté of Teadiness for functlomng Armmg per-:

tams to safety arnd is.one.of the two prmmpal
actlons of a fuze (the other is functlonmg)

Arming Delay—See Deiay, Armlng

Arming Pin or Wire—Se¢ Pin, Armmg

Arming Range—The dlstance from a.weapon or
launching. pomt at whlch a fuze is expected to
»Decome, armed: Also called-safe arming dis-
tance.

Arming Vane—See Vane, Arming.

:Black Powder (BP)—A low.explosive conisistifg of
an intimate mixture of potassium - nitrate or

o ssonsemn s ant s
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fsodmm nitrate charcoal and’ sulphut. It -is
easily lgmted and' is friction sensitive. ‘For-
‘merly cxtensxvely -used--as a-propellant, but
now its. .military use is.almost exclusively -in-
,propellant lgmters and. primers, in fuzes to
'gwe short. delay, in powder-train time fuzes,
in b’ank -ammunition, and-as spotting: charges

Boobytrap—An -explosive ‘charge: usually- con-
cealed"and set-to explode when an. unsuspectr
ing person touches offrits fmng mechamsm as
by stepping upon, lifting, or. movmg al harmless
locking object

Booster-—An assembly-of metal parts.and explo-
ssive: charge prov:ded to augment the explosive
‘componenis- -of-a fuze to.cause detonatlon of
the main exploslve charge of the ammumtwn
It may be-an integral/part of the fuze. (Thls-
teim is oftén used as an abbrevxatlon for
booster -charge.)*

Booster Charge—i The explosive charge con-
tamed in a booster.. It .must be sufficiently
sens1t1ve to be. actuated by the small explosive
element., in the- fuze and powerful enough-to
cause’ detonatlon of the:main explosive flllmg
2, The amount or type of exploswe used:to re-
hably detonate the bursting: charge of ammu-
nition.

Bore Riding Pin—See Pin, Bore Rldmg

Bore Safety- Sec Fuze, Bore Safe.

anance—'[‘he ablhty of an exploswe to shatter
the- medmm swhich- confmes it;4he: shattermg
effect: shown by an exploswe

‘Buirster—An exploslve element uséd'in cherical
ammunition to open the. container and dlsperse’
‘the contents.

Bursting Charge—The main explosive chdrge‘in a.
mine, bomb, projectile, or the like th. breaks
the casing and. produces fragmentation or-de-
molition.Htis the pay load:

Commltted—The condition ofa: fuze.in.which the
arming- process ‘has reached. the pont from
which arming will contmue 10 cnmpletnn
even-though the arming, forces cease.

Cook-off—"The deﬂagratlon or detonation of am>
munition by the -absorption of heat from zits
environment. Usually it consists of the .acci-
dental and' spontaneous dlscharge of, or éx-
plosnon in, a gup- or firearm caused by an
overheated' chamber or barrel, 1gmtmg a-fuze,
propellant charge,. or .bursting charge.
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«Cord Deronatmg—A flexlble fabric tabe contain-
‘ifig a-filler of high e\:ploswe mtended to-bé’in-
-itiated by- a blasting cap: or electrxc detonator

ACroep-l‘he forward ‘motion- of: fuze iparts- rela-
tive to the»mrssxle that -is caused by decelera-:
tion-of ‘the nussxle durm" ﬂlght Also called
creep action..

Deflagratron-A very- rapid® coinbustior some-
times-accompanied By- flime, -sparks, - or spat-
tering-of ‘burning- partxcles A deflagratlon, al:
though: classed ;as: an%zxplosnon, generally ‘im-
plies the- burnmg of & substance ‘with "seli--
contained- oxygen S0 that the reaction. zone
advances into thedunreacted matenal at"less
than.the veloclty of sound in. the- unreacted—
material.

Delay—An explosive train c6nponent:that intro-
duces:a controlled:time dé!ay inthe: functlon-
ing process,

Delay, Arming—1; The mterval expressed in time
or distance between thé:instant a piece:6f am-
munition -carrying a fuze is’ launched and. the
‘nstant the fuze becomes.armed. 2. The. tlme
1nterval requu'ed for the' arniing processes.to'be

. completed in a. nonlaunched piece of amimu-
nition,

Delay, Functlomng—-'lhe ‘interval expressed in
time or distance between® mltlatlon of the fuze’
and: detonatlon of -thé-bursting charge

Destructor-—A cylmdncal metalli¢ item. contain-
ing e‘<91051ve components for: destruct'on ofi
material by explosion.

Detent—A .releasable zlement used to restrain a:

‘part before or:alter its motion. Detents are
common:in arming mechanisms.

_Detonation—An: exotherrmr' chemlcal -reacvion
that propagates: with suck mapxdlty that the
rate -of.advance of the reaction zoiie into the
unreacted matenal exceeds the velocity of
scund: in the unreacted material, The rate. of
advance of the reactlon»zone is- termed deio-
nation. velomty ‘When-this. rate.of advance at-
tains such a.value that it will continue witnout
dlmmutlon through the unreacted materlal it
is termed the stable: defonatlon veloclty Wheén
the detonatlon velocxty is’ equal to or greater
than the stable detonation velocity- of the éx-
plosxve, the réaction -is termed a high order
detonation, When it is lower, the.reaction is
termed alow order detonation.

Detona}or—Am explos;ve train component that.

can.be activated by either a nonexplosive im-
pulse sich as.a firing.pin or'by thé-action of.a

G-2.
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primer, ’In the-former-case-it is also called ini-
tiator. I js.capable-of. reliably initiating high
order detonation in. the next high, e}.ploswe
component ofthe train. -

:Detonator: Safety—A fu?c s said* to bave.adeto-

nator safety’ when- Iunctlangng ofthe. aetomlort
caripot initiate subséquent explosive train com-
porients:

‘Dud-=An explosxve ammupition or-composent
that has failéd. {o explode although detona-
tion was inlended. -

’Escapement—A mechamcal device that regulates

the ;rate ‘of "transmission :of energy. ‘It:is nor-
mally used -as a part: .of the.clockwork in.a
mechamcal time- fuze

Explosnon—-A chemlcal -reaction. or change of:

.state which is effectedjm -an exceedingly short
time w1th ‘the gcneratlon of a high temperature
and. generally a large quantrtyeof gas.. An-éx-
plosxon produces a shock wave in the surround-
ing medium. The {erm~includes both detona-
-ticn and deflagration.

Exploswe—A ‘substance or-mixture of substances
which may be made to undergo a'rapid chem-
‘ical change; -without an.outside supply of .oxy-
.gen, with the libération. of large quantities of

energy generally accompanied by the-evolution,

_ of:hot gases.

Explosive, Hsgh—See High [Explosive.

Explosive, Low—Seé Low- Exploslve

Exploslve anary ngh—See anary High Ex-
ploglve.

Explosive Ttain—A train-of combustible.and ex-
,plosive elements arranged’in an order of de-
creasing sensxt1v1ty TIts function is‘to accom-
plish ‘the controlled augmentatlon of a small
impulse into-one of suitable energy to cause
the main-charge of the munition tofunction.
-It'may consist of priraer, detonator, delay, re-
lay, léad=and booster charge, ‘one or-more of
which may be either omitted or combined:

«Fail Safe—Descriptive of fuze design features.

whereby a component failure prevents.the fuze
from.functioning.

.Firing Device—A_mechanism design to detonaté
the :main charge of explosives contained in
‘boobytraps, mines, and: demolition charges
There are several types-of either metalhc or
nonmetallic construction: pressure, p,&,‘l ‘re-
lease, or combmatlon thereof;

Firing Pm-—Sce\Pm ang

Func‘lomng—The succéssion of normal actions
from initiation of the first element to deiivery
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-of an.impulse from-the lasi élément of the ex-

_piosive train. Fuucuomng is one of the- two
principal - actions of .a fuze (thc other one-is
armiing).

éFunctuomng Dejay—See Delay, Functtonmg

Fuse—An igniting or explosive-device.in the form
of ac ord, couaxslmg of a-fiexible: fabrlc tube
dnd -a-core -of low-or hxgh explosnve Used in
b]astmg ‘and- demohtlon work, -and:in certam»
ammumtnon

fFuze—A device: with. rexplosive -components- de-
mgned to initiate - train. of“fu'e or detonation
-in>af iteni:of 'unmumtlon by an actionsuch.as
hydrostatxc ‘pressure; electrical energy, chem-
qcal action, xmpact,»mechdmcal timeé, or a ¢om-
‘bination of ‘these: Types-of fuzes are dlstm-
.gulshed by modlfymg terms form'ng part of

Py

the item figme. (In '8 someé -cases the explosive:
components may be sxmulated or omitted.).

Fuze, All:way—An nnpac,tffuz“ desngned to func-
tion regardless.of ‘the: direction of target im:
pact

Fuze, Antidisturbance=A fuze designed to-be-
.come armed after impact,. or after being:em-
placed, so that any further movement or dis-
turbance will result in detonation..

Fuze, Bare=An unprotected .and  unpacKaged
fuze separated ftom its' intended piece -of
ammunition.

Fuze, Base—A- fuze ‘installed in the base of a
projectile.

‘Fuze, Base-detonating (BD)—A fuze, located on
the base-of a projectile; désigned to be.acti-
-vated as a tesult of lmpact

‘Fuze, "Bore ‘lafe-—A fuze that has. a means-for
preventing the détonator from mltxatmg an ex-
plosxon of ‘the bursting charge while the pro-

~ jectile is- w1thlp its launching tube.

Fuze, Command—A fuze thiat functicns as aresujt
of intelligence transmitted to it from a remote

location by means not directly associated. with-

its environment.
Fuze, Delay—Any impact fuze incorporating a
means of delaying its action after:contact with

the target. Delay fuzes are classifiad accordmg~

fo the: Iength of time of the.delay. (See also
‘Fuze Long Delay: Fuze, Medium Delay; Fuze,
Short Delay;.and Fuze, Time.).

Fuze, Dummv—Ancimitation of a‘fuze which has
the same shape, weight and center of g}‘avlty»as
the-fuze hut has no-¢xplosives or moving parts.

Fuze, Electnc A'fuze which depénds for its arm-
ing and fum,tlonmg upen events of 1n elec-

e e ML

tromc nature“ Such-a‘fuze doea not neécessarily
have to. be: entirely electnc but: :may. contain
mechamcal components.

Fuze, Electnc Time-~A_fuze in- which-the: tnme

from: xmtlatxon of actnon to functioning can be
controlled by setting, -and"is detérmined by—
electromc events.

Fuza; Hydrostat;ch fuize. employed with depth-
-bombs-or depth charges to cause: underwater
detonat:on at a: predetermmed depth Initia-
-tion is caused by ambient-fluid i pressure.

Fuze, lmpact-—A fuze in.which the action isini-
tiated’ by-the force .of-impact. Iti is sometxmes
called a contact fuze or percussion fuze.

=Fuze Long Delay—A type -of: delay fuze espe-

cxally for:bombs, -in 'which the fuze ‘section is'
delayed for a relatlvely long penod of time,
from: minutes to days.

Fuze, Mechamcal Time—A fuze which is actuated
bya clocklike mechanism precet.to.thé desxred
time,

Fuzé; Médivm Delay—A type of delay fuze, es-
pecially for bombs, in which.the fuZe:action
is delayed normally four tc fifteén seconds.

Fuze, -Mild: Detonatmg—A small-dxameter, con-

tinuous metal ‘tubing- having -a high-explosive
core. The core consists of 1-to 5.grains per foot
of PETN. It is. initiated by a. detonator or lead.

Fuze, Nondelay—-A fuze that functlons as are:
sult:of inertia of firing pin (or pnmer) as'the
munition is retarded during penetration of .tar-
get The inertia-causes.the firing pin to strike
the pnmer, initiating fuze action. This type of
fuze is .inheréntly. slower ‘in--action:-(dsually-
250:500 sec) than -the superquxck or in-
staneous fuze because its action depends upon.
deceleration (retardatlon) of the munition
durmg impact with the target: Also called iner-
tia fuze.

Fuze, Nose—A fuze-for use in the forward end
(nose) of a’homb or other munition. The’ térm
is not generally applied to -fuzes for use in ar-
tillery projectiles, where :the term point. fuze
is more commonly used.

Fuze, Point-detonating (PD):=A fuze which is lo-
.cated in the' nose: of. ac p;OJeeflle and is.de-
signed to be actuated as a result of impact.

‘Fuze, Point-initiating (P1)—A {uze which has the

target sensing element i the nose-of the muni-
tion. The del;orxatmg portion of such a fuze is
.ustially, in the base.

.Fuze, Proximity—A fuze wherein primary initia-

tion -occurs by sensing-the pressure, distance
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-0fF an-impulse frory'the last elément of the ex-

p:osive “traim. Fu-acuomng is one of the- two

pnnupal actions of a ‘fuze (the other ono»;g,.

-arming).

_«Functuonmg Déiay—See Delay, Functtomng

Fuse—-An ighitingor explosive-device in- the form
of ac ord conalstmg of a.fiexible: fabric’ tube
~and..a~coreé -of low-or: hlgh e‘cploswe Used in
blcmtmg and- dexnolrtlon work, and.in certain.

_ ammunition.

aFuze—A device: with- -explosive components- de-

slgned to initiate a-train of fire or detonation
;in-awitem-of 'rmmumtlon by -an-action-such.as
hydrostatxc ‘pressure, electrxcal energy,. chém-
‘ical action, ilnpact, mechanlcal time, or.a ¢om-
bination of ‘these: Types. of fuzes are dlstln-
;gulshed by modxfymg terms formtng part of

the item .fiafme. (Ini $oineé ¢ases‘the explosive:
components may be- sxmulated or omitted.).

Fuze, Ali:way— An. unpactrfur desngned to func-
tlon regardless.of the - direction of target im-
pact

Fuze, Antidisturbance=~A fuze designed i be-
.come armed: after impact, or after being-em:
placed so that:any further movement or dis-
turbance will result in detonatlon

Fuze, Bare—An unprotected and unpackaged

fuze separated from -its: mtended piece -of’

ammunition.

Fuze Base—.A fuze ‘installed in the base of a
prOJectlle

Fuze, Base-detonating (BD)—-A fuze, located on
the base- of a projectile; designed tobe.acti-
vated as a result of 1mpact

‘Fuze, ‘Bore Qafe—A fuze that has.a means- for

preventing the détonator from mltxatmg an ex-
plosion. of “the bursting charge while the pro-
~ jectile is-within its launching.tube.

Fuze, ‘Command—A fuze that functicnsas a result
of intelligence transmitted: to it from a remote
location by means not drrect_ly associated: with
its environment.

Fuze, Delay—Any:- impact fuze incorporating a

.means of delaying its action after.contact with-

the-target. Delay fuzes are classified according
to the length of time of the delay. (See also
Fu7e Long Delay, Fuzé, Medium Delay; Fuze,
Short. Delay;.and Fuze, Time. )

Fuze, Dummv—Annmltatlon of a‘fuze which has
the same shape, welght and center of gzavrty as
the fuze but has no cxplosives or moving parts.

Fuze, Electric—A'fuze which depends for its arm-
ing and functioning>upcn events of 1n elec-

tronic: ndture ‘Such-a fuze doea not necessarily
have. to be-entirely . electrw but may contain
-mechanical components.

FufZe, Electnc Time=A ‘fuze in whxch the time

from: mmatlon of aotlon to. functlonmg can be

controlled by setting, and’ is' determined by-

electromc events,

Fuzs, Hydrostanc—-A fuze employed with depth

‘bombs.or depth charges -to ¢ause: underwater
.detonation- at a: predetermmed depth lmtla—
tion is caused by ambient fluid:pressure.

Fuze, ‘Impact—A. fuze in-which- the actionis ini-
tiated:by- the force ofimpact..It i is sometlmes
called: a contact fiize of percussion: fuze

‘Fuze, Long Delay—A type -of: delay fuze, espe-

cxally for bombs, in whxch the fuze-section.is
d(elayed for-a. relatlvely long penod o£ tlme,
from finutes £o days.

Fuze Mechamcal Time—A fuze which i§ actuated
Dbya clockllke mechdmsm precet to:the desxred
time,

Fuze, Medmm ‘Delay—A type of delay:-fuze, es
pec:ally for bombs, in which:the fuze.action
is delayed normally four tc fifteen seconds..

Fuze, ‘Mild Detonating—A. small-dlameter, con-

tinuous metal: tubing' having a high-explosive-

core. The core consists of 1 to 5 grains per foot
of PETN. It is.initiated by.a detonator or lead.

Fuze, Nondelay—A fuze that functrons as a-re-
sult-ofinertia of firing- pin (or pnmer) as the
mumtlon is retarded during' penetratlon of tar-
get.. The inertia causes the firing pin to strike
the primer, initiating fuze action. This type-of
fuze is .inheréntly. slower. -in.-action- (usually
250-500 nsec) than -the superquxck or in-
staneous fuze because its action depends t:pon
deceleration (retardation)- of the munition
during impact with thie target: Also called iner-
tia fuze.

Fuze, Nose—A fuze-for use in the*forward énd
(nose) of a’bomb or other munmon The téerm
is not generally applied ‘to-fuzes for use in ar-
tillery projectiles, where :the term point fuze
is more commonly used. .

Fuze, Point-detonating (PD):<A fuze which jslo-
-cated in the) nose' of. acprojectile and is.de-
signed to be actuated as a result of impact.

‘Fuze, Point-initiating (P1)—A fuze which has'the

target sensing. element in the nose of the muni-
tion, The detonating poftion of such a fuze is
usually in the base.

.Fuze, Proximity—A fuze wherein primary initia-

tion. occurs by sensing-the pressure, distance
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con l(w 10)

dea

Terms are dedined 1wz the figure. This equation
can be used for effects (1) and (2) but a, a,
for effect (2). The third effeet, the-expansion of
the sprmy Y., , is caleulated with the equation

1o N 2 1

where
E = Young’s modulus, psi
I, = second moment of the cross-sectional

1 -
area, in.

o =

density of the spring, 1b/ft3

t = spring thickness, in.

! radius of the spring loop, {t
Note that F = mr‘cng for the detent where
I,; is the radial-distance to the center of gravity
L0f the detent. Fig: 10-5-shows-two extremes for
the length of the detent. The ball diameter is
0. 563 in, and the spring diameter is -(0.186 +
2:505)/z = 0.841 in: Therefore, the length of
-detent extending outmde of the ball-is 0.139 in.
The distance to the center of mass for the detent
is

and

= (L= 0.139), in, (10-13)

where | is the length of the detent, in., and ¥ is

the radial:deflection of.the deteiit, in.
Since.the detent massis m = p lAp, the force F
is

hl l :
F=pla, (0.0353 - §> ol b (10-14)

where p is the density of the brass detent,
1b/in.?, and A is ‘the cross-sectional area of the
detent, in’ ’[‘hus by combining Eqs. 10-10,

10-6

E’} = - U136
SPRING DETENT SPRIN DETENT
sToP ;ll: g%r‘c at
i \
% «~
T AN e )
B
R \
H L
L
L o 563 7] o 563
ER e D AM DIAM
BALL SPRING - BALL SPRING ‘*
ROTOR ROTOR

{A) Loag Detent (B) Short Derent

NOTE - ALL DIMENSIONS IN INCHES
Figure 10-5. Effect of Detent Length

10-11, and 10-12, the length of the detent can be
determined as a function of the spin velocity o

Ypa t Ypp * Yoo = Y(w) (10-15)
The foliowing data apply

120°

]
)
L}

60°

.
n

0.0360ft:

-~
n

s 0.005.in.

531 slug/ft?

-}
f

=3
]

= 18 x 10%psi
L= 1.20x°10™ in? -

A, = 8:62x10° ft? -

The expression for{ as a function of w becomes

1 -0.0116 =
(0.7361 ~ 10.381% 4 0.00155) w® » 1073
(10-16)
The rotor'must not arm at 2525 rpm. Hence, 1
can be 0, 246‘ in. The sprmg has been deflected

0.432 — 0.650/2 = 0.107 in. during asseinbly so
that the detent will not move until the spin

reaches at least 2525 rpm:. What spin is required.

with an initial spring deflection of 0.107 in. if | is
0.246 in. long? According to Eq. 10416, the
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also propagate a detonation wave in an ex-
tremely small diameter column.

Primer—A relatively smali and sensitive initial

explosive: train component which on being ac-
tuated initiates functioning of the explosive
drain-and will not reliably initiate high explo-
sive charges. In general, primers are classified
in- accordance with the-methods of initiation;
such as,percussion or stab.

Primer, Percussion-Primer designed to be initi-
ated by percussion, i.e., crushing the explosive
between a blunt firing pin dnd-an anvil,

Primer, Stab—A primer designed.to-be initiated:

by piercing it with a poinied firing pin.

‘Relay—An explosive train: (,ompom.nt. that pro-

-vides the required explosive. energy to reliably.
function the next ¢lement i in the train. It is es-
:pecially applied to small charges that are in-
itiated by a delay element and, in turn, cause
the functioning ofa detonator.

Safing-and Arming Device—A mechanism. which
prevents or allows the warhead tral‘n of ex-
plosives to operate.

Self-destruction (SD)—A term descriptive of an
event which occurs.from fuze action without
outside stimulus, when provnded for in the de-
sign, by which the fuze effects. munition-dé-
struction-«fter flight to a range greater than
that of t target. -

Setback—The -relative rearward movement of
component parts in a munition-or fuze under-
going forward accelerations during its launch-

ing.. These movements, and -the setback force-

‘which causes them, are used to. promote events
which participate, in the arming and eventual
functioning ‘of the fuze.

Shear Pin=A pin or wire provided in a fuze de-
sign-to 'hold-parts in-a fixed relationship until

.
-

i o e

P

_ fyrces areexerted on one-or more of the parts

" which cause shearing of-the pin or wire.

Sheif- Life -The storage time during which an
itern reimains serviceable.

‘Shutter— See Interrugier.

Signature—The dentifying characteristics pecu-
liar-fo each type oftarget .which enable fuzes
o sense and differentiate targets,

Spin—The rotation of a munition about its iongi-
tudinal axis tosprovide stability during flight.

Spin Safe—Said of a fuze that is safe- when ex-
periencing a -rotalion equivalent to that at-
tained during flight; thus, other.forces are néc-

_ essary to arm the fuze.

Squib—A small explosive device, similar in.ap-
pearance 'to a detonator, but loaded with-low
explosive, so that its output.is-priigarily heat
(flash). ‘Usually- eiectrically initiated, and pro-
vided to initiate.action of.pyrotechnic devices.

Unarmed—The condition of a fuze {or other
firing device) in which the nécessary steps to
put in condition to function have not taken
place. It is the condition:of the fuze when it is
safe for handling,. storage and transportation.

Vane, Arming—A metallic item designed for at-
tachment ‘to the fuze mechanism of a bomb.

The;vane arms the-fuze through.action of the-

air stream created by falling of the bomb.

Warhead—That portion of .a rocket or guided.
mlssﬂe des1g'ned to contain‘the 16ad which the:

vehxcle is.to deliver. It*may bé empty or con-
tain hlgh explosives, chemicals, instruments,
or, inert. matérials, It.may mclude booster,
{fuze(s), and-burster.

Windshield—A rounded or pointed hollow cup

added to the nose of. a.projectile to improve

streamlining. Also-called a false ogive or baliis-
tic cap.
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'GENERAL REFERENCES

IL is assumed: thal the reador has a general
knewledge of mililary ammunition. For this
reason,.the basic-elements of ammunition-are.net
treated m this handvook. Such information is
covered 1 References « and &. The fuze explo
sive tram, of key importance in fuze design, is
covered in Chapter 4, and, in grealer depth; in
Reference . Military Standards on fuze {esting,
References «, ¢, and ¢, are discussed in detail in
Chapter 14. The set on Information Pertatning
tv Fuzes, References g to m, isaseries of volumes
that covers useful information on fuzes and<fuze
development, as well as historical information.

Various subjects on fuze design have been
grouped in a collection of -Journal Articles,
Reference n. Individual citetions are listed:in
Appendix II. The fuze catalog, Reference o, i§a
descriptive listing of all fuzes. Noi& ‘that Ref-
erence Jand [ contain a more recent, although
less delailed, ‘listing’ of Army components and
fuzes. All aspects of proximity' fuzes are-dis-
cussed’ in- the classified: handbooks, References

ptot. i

Note that specific refetences used for the
material’ discussed in this handbook are-listed at
the end of each chapter.

a. T. C, Ohart, Elements of Ammunition, John
Wiley-and-Sonsy. Inc., NiY..-1946.
Discusses the basic elements involved in:the
design and development of ammunition.

b, TM9-1900; Ammunition General, Dept. of Army,

June 1956,

Contains basic information and illustrations on
types and -identification -of ammunition.(under
revision as TM 9-1300-200). !
¢, AMCP 706-179, Engineering Design Haridbook,

Explosive.T'rains,

Contains the principles and factors applicable
to the design of the various elements of explosive
trains.

d. MIL:STD.331; Fuze aitd Fuze Componénts, En-
vironmental and Performance Tests For, 10 Jan-

vary 1966,

Specifies the environmental and performance
tests for use in-the development and production
-of fuzes and fuze components.

e. MIL-STD-320, Termnology, Dimensions and
Matentals of Explosive Components for Use in
Fuzes, July. 1962,

Establisties terminology, dimensions, and. pre-
ferred steuctural materials for explosive compo-
nents,

f. MIL.STD-322, Busic Evaluation Test for Use
m Development of Electrically Initivted -Exple-
swe Components for Use in Fuzes, 15 October
1962,

Provides a uniform evaluation of input, output,
and environmentalresponse ofsinitiated explosive
élements prior to their use in-militai; items.

g. S. ‘Odierno, Information Pertaining to Fuzes,
Volume 1, Mechanical and -Flectronic Time
Fuzes (U), Picatinny Arsenal, Dover, N.J.,
15 August 1963, AD-355. 052 (Confidential}.

Catalogs the characteristics of artillery time
fuzes.

‘h. S. Odierno, Informacion Pertaining to Fuzes,
Volume I, Propelling Charges, Picatinny Atse-
nal, Dover,N,J., 22 November 1963, AD-451 449,

Catalogs the characteristics of propelling
‘chargés for-ammunition.

i. 'S.. Odierno, Information: Periaining to Fuzes,
Volume I, Artillery, Arior ‘Défear and Moriar
Fuzes; -BD, BD, PIBD and Time (Pyrotecknic
Type) (U), Picatinny Arsendi, .Dover, N.J., 1
Mdrch 1964, AD-355 053 (Confldenhol)

Catalogs the- characteristics of fuzes for artil:
lery-and mortar projectiles.

i S. Odierno, Information Pertaining to Fuzes,.
Volume 1V, Explosive Components, Picatinny.
Arsenal, Dover, N.J., September 1964, AD451.
450,

Catalogs the characteristics of explosive cora-
ponents used in fuzes and of die sizes.for booster
pellé’ts'

Volume v, Fuw Sa[ing Philosophy, liiéotinny
Arsenal, Dover, N.J., April 1965, AD-456 253,

Describes methods fox establishing realistic
safety and reliability goals for fuzes.
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i. S. Odierno, Injormation Pertaining to Fuzes,
Volume VI, Lnevelopedio of U.S. lrmy Euses
(L), Picatinny Arsenal, Dover, N.J., Janvary
1966, AD;371 0761 (Confidenticl).

Tabulates .the characteristics of all: Army
fuzes.

m. 'S: Odierno, information Pertaimng to Fuzes,
Volume VI, Fuze Design Testing Techniques,
Picatinny Arsenal, Dover, N.J., November 190§,
AD-801 678L. -

Describes and reviews labcratory and field
tests (MIL-STD- 331) and the JANATF Journal
articles on fuzes.

n, JANAE Fuze Committee Journal Articles (see

Appendix 1),

Contains at presen{ 53.articles covering-various
subjects.dealing with fuzes.

o. Gunther Cohn, Adrmy, Navy; and dir Force Fuze
Catalog (U), The Franklin Institute, Report
F-A2238, Philadelphia, Pa., March 1959, and
Supplement F- A2238-1, Novemter 1959, AD- 305
024 and AD-313 702 (Confidential).

-Compiles military -and. technical data on.all
standard and-developmental fuzes and fuze ex-
-plosive components.

p. AMCPR 706-211 (C), ‘Engineering Design-Hand-

beok, Fuzes, I’wumm. Fleetricud, Par -One

{2

Introduces the various-types.of-electricakfuze

and presents basic philosophies inyolyed-in fuze
design

q. ANMEP 706-212 (o), -Engingering. 0esxgn Hand-
book, Fuzes, Proximity, Electiival, Part 1wa
()

Discusses-basic principles-and design:consider-
ations for radic proximity fuzes-operatediin=the
V:IF and-UHF -bands.

r. AMCP 706-213 (S}, Engineering. Design Hand-

book, Fuzes, Proximity, Elecirical, Lure Three

(V).
Describes various Lypes of radio proxxmxty
fuzes that-operate at microwave frcq;x,encxes

. ‘AMCP 706-214 (S), Engineering Design Hand-
book, Fuzes, Proximity, - :.iectrwal Past Four
{U).

Discusses various types of nonradio fuzing sys-
tems and describes the -use of multiple fuzing
methods.

t. AMCP 706-215 ’(C), Engineering-'Design Hand-
book, Fuzes, Proximity, Electrical, ;Part Five
(U).

Discusses fuze testing -and various. types of

power sources used: in the desxgn of :safing and
armmg devices.
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Fig. A-L shows a ballrotor with a diametral

holp copiainmg a detonator, A iypical v, v, -
triad is oriented with its : direction along thc del
onator and is turned in space al the velocity Q
exactly as the detonator axis turns. The ball may
further rotave about thistriad with the velocity &.
The ball is encased within the missile that is as-
sumed to be following a straight path along-its
axis.and -to be spinning at the ratew .

In.the figure, the y,the :, and the spin axes are
in-the plane of the paper which makes the x axis
petpendicular te the ‘paper. The moment. of i
ertia with reapectto the x and y axesis J and with
respect to-the ; axis.is.J. The angular motion-of
the ballis given by é about the z axis, w aboutthe
missile spin.axis, and d.about the x. axis,

To solve for the imotion of the ball, ohe-as-
sumes the following: The ball is acted upon by
the setback or-creep.forces, Z, with X and ¥ the
frictional forces given by 2, and -y Z respec-
tively and- the detent forces, £, . Z acts along the
missile -axis, X is parallel to the x axis, ¥ is.per-
pendlcular toX; and. £, is inthe plane\of the

For the dynamics of rotating bodies, the gen-
eral differéntial equation for unbalanced torque
is'given in vector notation as.

‘h . ‘A<
("—-u—-+9xh (a-1)
dt ’

where ‘h is the vectof angular moientum, G is

. the-torque applied to the -body, and Q-is the

\\ -MISSILE

LS

- SPINZAXIS
e " ]
W S .
L v%,’ 820 AT STARYT )
| I
. N
\ =
'/ // ’
.“.m HTINEL W
\\\ ') I\/ / ///
. . \\ .‘
6 b1\\*5’ / r > oy )4"7‘5:\1

+ .
1 / x“ (Forces)

Figure A-1. Ball ‘Rotor Nomencloture.

APPENDIX 1. MATHEMATICS OF THE'BALL ROTOR

angular veloeity of the triad in the body. The
veclor components of angular velocity, momen-
tum, and toryne are

L/

Sl} ~wsin(a - )

Qz weos (a~0) + & (A-2)
hx _ 10

hy o ~lysin{a - 9)

hz - Jweos (u = 0 + g})] (A-3)
G; = Yr o~ “Id' = - lr = 2r

G, = ~Ar cos(a ~ 0) =

~pZr cos (a = )
G, = =\r sin(a ~ §) = ~pZrsin(a = 6) (A-4)

z

Combining-Eqgs. A-2, A-3,.and A-4 according to
Eq..A-1; one obtains the equations
- pZr - ?j«'dr = ‘Ié.
= (J= I Jcos (a=0)sisi(a-t) = (J- Dwsin(a=0)-
~pZrcos(a=0) = - Iosin(a=0) - (J- 1)@ @
~J0wcos(a - 63 + 2w bcos (a=6)
-pZrsin-(a -~ 0) =
Jocos(a-~ 0) + Jalsin(d = 0) + J§ (A-5)

when the detents. are effective;.0= 0; 0 b= 05
0=, and() ¢ © =0. Eq. A5 become

wZr+ 2F‘ re= (J - I)a)2 cosa -sina  (A-6)

Before the detents drop out, the problem is
statxcally indeterminate,.and therefore, nowvalue
-can ‘be assigned to the friction torque’ about the
x-axis, All thatis known is that its absolute mag-
"utude must be less.than:(uZl. In; partwu’ar, in
Eq. A-6 only the sum friction torque about,the

x-axis. (+2F,r} is-known. To obtain a first ap-
prommatlon, -assume:a. coefflclent of friction.u
and:that F, is. apphed at radlus r. An approxi-
mate value of F, .cans than be.solved for because-
all thé other terms are known.

(J-I) a)f sina cosa - ulr

T, = S . — (AT)
2r

From Bq: 6-17 and f=uF,,the apprommate
spin’ at which the detents tend to. move will-be

A A1
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g pb@;\inad:'by combining Egs, 617 and A6 f1ever cause a c«hhngc n 9,5 or v, the dynamic :
2 ] T o terms.must.drive-the ball. i
- — o I Thexifote, r)-Fiw® sine cose must be - oZr 3
o - ; L mRIY e  q \8}‘ for ¢} to he grester than zero. When ihey are i
>, o G T SN o | A B rond o "The
y i -] sine cosa Zra (s a1 i i;(;:,mll:sewi? b"':;x will be ready 1o move. Then, :
. ause &t :
‘. . : / VAl 7 q
Does the ball rotate when the detenis drop - e

out?Set ¥, - Winthe first Bq. A-5. Since uZ can \:/ id = 1) stwe toma (A-9)
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JOURNAL ARTICLES OF THE JANAF FUZE COMMITTEE

18.0
1990
70.0

21.0

22.0
23

24.0

25.0

2:0-

& December 1959, AD:232 555,

Fhe Phisical Propeities {y{ Evplustve s and
Frueet Matesiads Whese Plasical Propen oy
Khesvuibde T[u.ﬂ‘ n] [',xpl:(‘huz‘\. i ‘Mmfj’x 19!)0,
AD-468°070.

Spolling ‘(,[m,'gc') as Ised o Yemtor Fuze
Acteons. 7 June 1960, AD.468 071.

U Bibfiog.aphs of Fledroniz Fezing Pein-
ciples (U], 6-December Y900 {Secret).

I Surves of Eaplovively letaated Devuis
Used in Fuzes, September 1260, AD-222°604.
Some Aspects. of the lesign of Boosters,
Richard Stresau end Milion Lipnick, Diomond
Ordnance Fuzé ‘Laborutories, {(now U,S: Aimy

‘Harry Diamond. Luborafones), ‘Washington,
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Some dspects of Pyrotesknic Delurs, 5 De-
cember 1961, AD-270 444.

4 Method for Instrumentating Fly-Over Tests,
5 December 1961, AD- 269 551
Scope, Pyrpose and Use of Military Standards
for Fuzes, A. Y. Boldwm, U.S. Naval Ord-
nance Laboratory, White. Qak,, Md., 15 Feb-
ruary 1962, AD-281:845.
A Target Firing Procedure for Evaluation of
of Missile Impacr Fuzing Systems, T. W.
Truslow, U.S. Navgl Weapons Laboratory,
Dahlgren, ‘Va, ‘11 ‘Septeanber 1962, AD-285
504.
[Humidity as < Factor .in ‘Fuze Desigi and
Evaluation, A. W. Baldwin, :U.S..Naval Ord-
nence -Laboratory, White Oak, ‘Md.,. i Febru-
ary 1963, AD-296 582: .

27.0' d. Compendium of Mechanics Used. in\Missile

28.0:

29.0

Safety and Arning ‘Devices (U), ‘'Acceler-
.ometers (U),”" Part I, “Ruriaway. Escapes
ments;(U);" Section- |, Thé.Mechanical and
iElectromechanical- "Systems. Subcommittee,
U.S. ‘Naval: ‘Ordnange-Laboratory, White <Ock,
Md March 1962 (Con-ldenhal) AD-346 125.
“Clock Escapement Timers (U),"" ‘Part -,
Section |, June .1967° (Conhdenhol) AD-384.
530. .

Jumble Test-History, C. ‘A, Dock, Frankford
/Arsenol, Phtladelphm, ‘Pa., 13. September
1963, AD-453.621;

Random Vibiation Testing, A. J. Korlsen,
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32:0

33.0

34.0

3.0

3.0

38.0

39.0

40.0

41.0

U.5. MNaval Ordnance Laboratory, Corono,
Caiif., 17 July. 1962, AD-486 920.

CExploding Bridgewire Surveys. Explosives

Component Subcommitree, 23 Octaber 1963,
AD-831 83V,

A Campendium of -Pyrotechnic Deluy Devices,

Explosives. Components. ‘Subcommitiee, 23
October 1963, AD:474 833.

Method of Computing lmpact Sufe Distance
For MIL-STI3-313, Picatiany Arsenal, Dover,

N.J., 10:Segtember 1964, AD-447 755.

Wire-Telemeiry Fligh.-Test Technique, L. J.
Shkelnik, t.S. Noval Ordnance Laboratory,
White Cak, Md., 18 August 1964, AD-454284G.

Captive-Flight, Terraine-Intercept, Fuze Test

Technique, A.P. Sutten, U.5. Army Huriy
Digmond. -Laboratories, Washington, D.C.,
14 September 1964, AD-449 941.

Flash X-Ray Techniques for Studying Fuze
Operation, L. J. Shkelnik, U.S. Naval Ord-
nance Lobordtory,. White -Oak, Md., 18 August
1964; AD-460 119.

Techniques. Employed in Two Methods of
Field Testing Missile and Rocket [nfrared
Fuzes, T. W. Harwell, Field Tests Subcom-

 mittee, 25-November 1964, AD-453 164.
.0 Sealed Cavity (Fuze) Leakege Detection and

Measuremeat; V. Quail, Laboratory Tests
Sl,bcommmee, 1 January 1965, :AD:457 963.
Roiary Acceleration Methods and Instrumen-
tation, R: K. Krueger, Exploswa Components
Subcommmee,j Novémber ]964

A Field Test Program for Missile--Radar
-Fuzes, Field Tests Subcommittee, " Sep-
tember 1965, AD-468 871.

Air ‘Delivery of Ammunition and Explosives-

by Parachute, Laboratory Tests Subcom-
.mittee, 1 September-1965,-AD-475 515,
Vertical Firing -Recovery, Field Tests Sub-
committee, ). July 1966, AD-486 508,
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47.0

4.0

49.0
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51.0

52,0

53.0 .

feopstically haluc vd Vibeation, -Loboratory
Tests Subcomautice, 15 December 1966, AD-
B41-648.

Deteraration  of Cook-0ff  Temperatares,
Explosive Components Subcommitice, 3 Mey
1967, AD-316 238.

Hild Detonating Cord, Explosive Components
Subcommittee, 3 May 1967, AD.816 229.

The Soft Recovers of lrallery Shell by the
Rocket-Sled  Method, Field Tests Subcom-
mittee, Gctober 1967,

RF Attennativn of Initiators, Explosive Com-
mittee, 3 May 1967, AD-828 308.

Techniques for Determining Buest Heights
of Fuze Detonation, -Field Tests Subcom-
mittee; 3'May 1967, AD-829 738.

The Use of Conductive Mixes in Electro-
Explosive Devices. H.S. Leopold, Naval
Ordnance Laboratory, White Oak, Md., Ex-
plosive Components Subcommittee, 3 May
1967, AD-829 731.

The Lubrication of Ammunition Fuzing Mech-
anisms, Mechonical and Electro-mechanical
Sysiems Subcommittee, 3 Moy 1967, -AD.829
739.

Comuents cn. the Inelusion of Explosives
in Laboratory and Field Tests of - Fuzes,
Laboratory Tests Subcommittee, 3 May 1967,
AD-831 138,

The Application of Flueric Devices to Ord-
nance Timers, "Mechanical and Electro-
diechanical Systems Subcommittée, 3 :May
1967 'AD-834'083:

A4 Rain Sutvey of Rain Simulation Tech-
nigues, -Laboratory Tests Subcommittee,
3 May 1967, AD-834 086.

Combined Environments Testing, Labora-
tory Tests Subcommittee, 12 April 1968, AD-
‘835 813. )
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INDEX .
A fragmentaiion, 12-12
fuze action, 12-1

Acceleration impact fuze, 12-3

drop, 15-6 propeller gear train, 12-3

firing, 5-2 proximity fuze, 12-12

high, fuze design, 10-1 time fuze, 12-8

low, fuze design, 11-1 trajectories, 12-1

rocket, 5-3, 6-21 typical, 1-3
Actuator, 4-11, 7-3 Bomblet-fuze, 12-13
Adiabatic compression initiation, 3-4 Boobytrap, 18-5
Air force, 5-7 Booster
Air gun test, 15-3 M21A4, 10-7
Alignment force, 5-7 assembly, 4-11 9-7 .

Ambient pressure, 5-7
Ammunition, typical 1-%
Analog computer use, 1‘4 11
Analysis of data, 14- 12 15-14
Antiremoval device, 13-2
Arming ]
bomb fuze, 12-1, 12-7
chemical-.8-10
consxdexatons 8:2
delay, 8-, 8-7, 8-9,.8-10; 12-6
electric, 7-1
fluid, 8<1;,°8-9
mechanical
doncept, 5-1
devices, 6-1

rotary devices, 6-13, 9 8, 10-3, A-I-1

sequential leaf, 6-16, 10-3
spiral unwinder, 6- 12
motion-induced, 8-11
pin, 1-7,:12:9
principlés, .5-1
process,.1-2
two-featur< requirement, 9-3-

B

‘Ball rotor, ball cam rotor, 6-17, A-I-1
Ballistic environments, 5-2, 12-4, 15-5
-Battery, 3-8, 5-8
Belleville spring, 13-1
Bellows motor, 7-3
Bomb
bomblet fuze, 12-13
clustering, 12-3, 12-11
‘depth, 12-11 )
-explosive-train, 12-5 /

charge, 4:10°
Bore safety, 9-2

Capacitor, 3-9,.14-10

Centrifugal force, 5-6, 6-4.

Centrifugal pendulum, 6-14

Centrifuge test, 15:3

Chemical arming delay, 811

Clockwork '6-19, 10-8. See also Escapement
‘Clusterlng, bomb, 12-3, 1211

-tCoanda effect,-8-1

Coil'spring; 6-1;,10-1

(‘ombmatlon fuze, 1-6 s

Command fuze, 1-6, 3-2, 8:11

Compatlblhtv of common explosives and metals,
4-3 ¢

Components, 14-10. See -also- Explosive com-

~ poneént
Compréssion spring data, 6-5.
Computer, analog, 14-11 °

:Constant :force spring, 6-5
-Construction. techniques, 4-9, 14-5
Contact contammatlon preventlon 14-1
Contact sensmg, 3-1

Contour, 2-4 -

Cord, detonation, 4-12

Coriolis_force, 5-6

Creep; 5-3 o

Dashpot, 87
Definition and. purpose of fuzes, 1-1
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- Delay ,
element, 4-9, 12-7
for arming, 8-1, 847, 89, 810, 12:5
for functioning, 1-5, 3.9, 12.2, 12-10
mixture, -9

Depth bomb fuze, 12-11

Design
explosive -train, considerations for, 4-12
for high acceleration, 9-6, 10-1, 10-3
for low acceleration, 11-1, 12-1
for stationary anmnmitio.\ 13-1
general cousiderations, 2<1, 9-1, 14-1
guidance, 14-1
human factors engineering, 2-¢°
need for fonmiity, 24
trade-offs, 2-2
use of standard components, 2-3

Detent, 6-10, 9-8; 10-5

Detonating cord, 4-12

Detonation, 4-2

Detonator; 4-6, 9-8

Detonator safe, 5-1, 9-2

Development steps, 9-3

Dimple motor, 7-3

:Disk rovor, 6-13

Dock escapement '6-23

‘Drag, 5-3

Economics, 2-2
‘Electric
arming,, 7-1
component, 14-10
component -initiation; 4-6
“fuze. initiation, 4-6: = _ -
.generator, 7-3
initiator; 4-6
-power- source
battery, 3-8
electrostatic generator; 3-7
‘piezoelectric generator, 3-6-
test, 15-2-
timing. circuit, 3-9
Electronic tube, 7-3
Electrostatic generator, 3-7
Encapsulahon, 14-6
Environment, 5.5, 9-1, 15-10
Escapemant
clockwork; 6-19, 10-8
description, .6-22
gear train, 6-22, 6-24

-2

dJunghans, 6-22

runaway, 6-20

spring design, 6-23

tuned, three cenier, 6-24

tuned, two center, 6:21

uniuned, wwo center, ‘6-20
Explosive

actuator, 4-11, 7-3

compalibility, 4-3

component, 4-1; 15-2

detonation velocity, 4-2

eiement injuation, 3-9

gas «evolved, 15-14

dnitiation, 3-1, 2.5

malerials, 4-1, 4-4

motor, 7-3

precautions -for safety, 4-3

properties, 4-4

rules for handling, 4-4

sensitivity, 4-3

Arain, 4-1, 4-12, 12-5.

E

Foult tree analysis, 14-12
Fin-stabilized: projectile, fuzes for, 10-1
Firing pin, 3-3

Flash detonator, 4:6

Fluerics, 8-1

Fluid flow, 8-1 i

Forces of: the air stream, .5-7
Formality, need for, 2-4

‘Fragmentation bomb,. 12 12

Friction initiation, 3: 5 135

Functioning, 1.5, 39, 12-2, 12-10
~ Fuse, 4:12:

Fuze _ )
AN MARK 230, 12-11
M48A3, 6-4
M198, 129
M204A2,, 11-4
‘VI2JZ 11-4
XM218, 89
M404A1, 1-2
M502A1, 10-8
M505A3, 10-11
M517, 14-8
M525, 1-7, 6-4
M532, 10-3
XM539E4, 38-7, 9:10
XMb544KE1, 4-12
M551, 11:6
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Fuze-(Cont'd)

XMB5T741, 912

XM5TL, 2-6, 3-4

M603, 13

XM717, 87

MOO4E2, 3-3, 12-3.

M906, 12-7

action, 1-1

caleulations, 9-3°
categories, 1-5

definition of fuzes, 1-5
design considerations, 2-1, 9-3, 9:3
development steps, 9-3
model desigiiation, 1-6
purpose, 1-5

requirements, 1-5, 9-1, 9-3
specification origin, 2-1

G B

Gasless and‘gas producing delay mixture, 4-9
Gear train, 6-22, 6-24, 12-3

Gl'1<s bedds for arming delay, 810

Gloss'xry, G-1

Grenade fuze, 8-9. 11-3

‘Guided missile fuze, 11-2'

RN

‘Hairspring; 6-5

Hand grenade.fuze, 11-3

‘High e\:ploswe, 4.1

‘Hinge pin, 6-9

Human factors engineering; 2-5
Hum1d1ty environment, 9 2
Hydrostatic pressure, 5 7

Igniter,4-11
Nlustrations, list, ix
Impact fuze
action, 1-5
‘bomb,.12-3
descnptlon of representative, 1-7"
design, 9-5, 12-2
Impact sensitivity of explosives, 4-3
Influence sensing,.3-2
Information sources, 2-7
Initiation
electric fuze,.3-5-
‘mechanical fuze, 3-3
principles, 3-1
Initiator, 4-6, 9-7

kX

Interrupter, 6-7, 10-5, 11-2

J

Journal articles of JANAF Fuze Commitlee,

A-fL-1
Junghans escapement, 6-22
K
Knob, 6-10
L

Land mine fuze, 13-1
Launched grenade fuze, 11-6
Lead, 4-10

‘Lever, 6-10

Linkage,.6-10,.14-9

Logic techniques, compared with fiueric, 8-8
Low explosive, 4-1 .
Lubrication, 14-7

Maintenance, 14-13
Materials, 14-3 (
Mathematics cf the ball rotor, A-I-1
Mechanical

components; 1411

fuze initiation, 3-3

‘time fuze, 10-8

- Mild deuonatmg fuze, 4-12

MIL-S"D-test, 15-1; 15 13
Mme fuze, 1-3; 131

Model designation of fuzes, 1-6
Mortar projectile.fuze, 1-7, 10:3.
Motlon-mduced arming, 8-11.
Multlple, fuzing, 2-5

Nonexplosive fuze, 1-6
0

Output characteristics-of initiators, 4-8
P

Packaging, 14-2
Patenting, 2:5 ]
Percussion lmtlation, 3-4

1-3
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Percussxon primer;.4-6-
Performance test, 15-1 -
Phrlosophy -of design; 21
.Physical properties.of explosivés,-4-5
Piezoelectric. transducer; 3-6-
Bin .
aming; 1:7; 12-10
firing, 3-3
linkage, 6- 10
shear,.6-9
‘Pwot 6-10.
Pneumatlc arming delay, 8-7
Popovxtch gscapement; 6- 23
Potting compound, 14-3
Power source, 3-5, 3.7, 15- 2, 15-5
‘Power spring, 6- 5
Presetting of time fuzes, 3-2
Pressure, ambient, 5.7
Pressure-travel relation of: prOJectlle, 5-2
Primary-high explosive; 4-2
Prrmer, 4-6
o;ectﬂe fuze
design, 9-5, 9-10, 12:2
impact, 1- 5,1-7,12-3
mechanical-time, 10-8
typical, 1-2.
Proof test, 15-5
Propeller, bomb fuze, 12-10
Proximity fuze, 1-6, 3-2, 12-12
Pull release device, 13-2
Purpose of fuzes, 1-1

R
Rain msensmve fuze, 9:11
Rain test facility, 15-12
RC cn'calt '3-9; 74
References, R-1. See also the end.of. each chapter
Relay, 4-10
Reliability, 2-2
Requirements, 1-3,.9-1
Resistor, 14-10
Rifle grenade:fuze, 11-5
Reccket
-assisted projectile, 10- 8
fuze;-1-2, 11-1
sled test, 15-4
Rotary device
ball cam rotor, 6-18
ball rotor, 6:18, A-I-1
centrifugal pendulum, 6-14
disk rotor, 6-13, 9-8
rotary. shutter, 6-17, 10-7

-4

T -

;Ruehlmalm RC cireuit, 7- 6

Seniple plunger, 6-15 A
isequential leaf; 6-15, 10:3 g
Rotational velocrty, 5.3
Runaway escapement, 6 20

S : o

£ »
Safety. <
considerations,'2-2
-features, 9-2: < %
‘requiréments, 2-2, 9:2 K

tests,.9-4, 15-2, 156
Safing and arming mechanism, 11-2

Szd mine fuze, 13-4

Sealing material, 14-4
Secondary high-explosive, 4-2
Self-destruction, 1-6, 3-2, 11-2
Semple plunger, 6-15

Sensitivity of explosives, 4-3
Seqitential leaf arming, 6-15, 10-3
Setback, 5-5.

Setforward, 5-7

Setter components-linkage, 14-2
Shear pin, 6-9

Shelf life factors, 15-10

"
/
1

‘Shock machme, 15-4

Slider, 6:8, 10-4, 11-2 ‘
Small arms fuze, 10-10 .
Solder, 14-5.

‘Specifications, 2-1, 2-4,9-1

Spin
durinig assembly,.9-3
-st:.lbrhzed projectiles,. fuzes for, 10-3
test, 15-3
vel_ocit,y, 5‘3 )
Spiral unwinder, 6:12
Spring
Belleville, 6-5, 13-1:
coil, 6-1, 10-1
conipression data, 6-5
constant force, 6-5
design, 6- 23, 10-1, 10-3, 12-10, 13 1
-equations, 6 2
escapement, 6-19
hair, 6-5
motion of masses of springs, 6-1
power, 6-5
types, 6-1

Squib, 4-6, 4-11 - .

Stab initiation, 3-3
Stabnmtntor, 4-6 Lo
Standardization, 2.3
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Stationary- ammunition, 13- 1

Stathtlcal data analysis, 15- 13

Storage life; 4-5
Superquick fuze; 1-5
Survelllance test, 15-10
watch 7-1, 14 1
Symbols, Lxst of Xiv

Tables, List of, xiii
Tactical purpose of:bomb fuzes, 12:11

‘Tangential-force, 5-6

Target sensing, 3-1

‘Telemetry; 15.5

Température environment, 9:2'
Testing:
development step, 9 03 -
environment, 115-10
MIL-STD, 2-2; 15-13
performance, 15-1

AR
AN

pmcedure, 9-3;15-1

safety, 9-4, 15.2.

surveillance, 15:10
Thermalbattery, 3-8
Time -

circuits, 3-9;7-3

fuze, 1-6; 12-8

presetting, 3-2.

setting; mechamsm, 2-6.
'1‘oleran(.mg, 14:9:
Tooth desngn for escapements, .6-23, 6-24

‘Totque, 56

Trade-offs in- design, 2:2
Trembler switch, 7-1°
Trip lever, 6-11, 13-4

Tube , electronic; 7-3

Vane, 12-10
Velocity of detonation, 4-2
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