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1.0 Introduction 
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programs. Reference (b) contained a proposed laboratory plan 
for laboratory environmental tests of five torpedoes exclusive 
of explosive components. Reference (c) requested assistance on 
explosive components. 

1.2 This report contains a short discussion of development 
philosophy on explosive devices, a review of assumptions, a 
safety discussion, an outline of evaluation test procedures and 
guidelines, specific evaluation programs on nine components, 
and test descriptions and/or references. 
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'¿.0 Design and Testing of Explosive Devices 

Iîu,ÎaS beeî? found ln the development of explosive devices 
hat adherence to a controlled step by step procedure is required 

f£rgthÜ that this typa of device w^ll perform prop er 
the intended purpose. The one-shot" nature of the items 

ln de8ign'quallty contro1'eÄon 

deveiopment of s-h 

2.2.1 Definition of the requirements 

be í631«"’ the ‘'equirements should oe ciear_y defined so that the designer is fullv aware of tha 

the end Pr0dUCt- °f Spe^fic miereït ™e the 

a. Input requirements jr initiation 
b. Output characteristics 
c. Physical size 
d. Sealing 
e. Environmental requirements 
f. Stockpile to target sequence expected 
g. Production quantities planned 

2.2.2 Design 

_The basic design work is directed toward meeting the 
ThfCxfiC £e<îuirements in the most economical and reliable manner 

?iOVen techniques can often save time ïlcause e™ 
itei1 d®^iations Çan often alter the performance of a "one-shot" 
item. There remains a certain element of "art" in the manufao 
ture and assembly of this type of device. manufac- 

2.2.3 Design Tests 

. so<?n as a design is formulated, a representative 
h«nHle hS t0 prov,e in the concept. Such samples are often 
hand made. These samples are used to conduct gross 1 ní,!+ ZnH 

weaknessestin^he^d1" anvlronmental tes^ which will disclose 
if^+ -.1 the design concept. In some cases two or three 

peat cycles of this phase of the work are required. 

2.2.4 Design Disclosures 

Upon completion of design tests, a set of design disMo- 
sures (drawings and specifications) should be produced which 

£cÄc^irJ;S%dr1Ce ls t¿ be ">-^«?.SeS?edTeÜt1wve acceptance limits and tolerances are established. 
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2.2.5 Prototype Production 

Once the design is essentially frozen and the concept 
confirmed by design tests, it is important to produce a 
quantity of units with proposed tooling using the design dis¬ 
closures. During this step problems of transition from 
laboratory engineering models to a production item are expected 
to be solved. Specific problems, such as tolerances on piece 
part manufacture and assembly techniques, can be resolved. 

2.2.6 Evaluation 

Upon delivery of a specified number of items manufactured 
in accordance with the proposed design drawings and specifica¬ 
tions, a formal evaluation program is conducted to determine the 
characteristics and expected performance of the device. 

2.2.7 Final Revision of Design Disclosures 

Usually the evaluation program discloses weaknesses or 
design margins in some areas. Also data is available in suf¬ 
ficient quantity to arrive at final specification values and 
acceptance criterion. At this point, there is assurance that 
the design can in fact be produced by a competent manufacturer 
in a uniform manner. The design disclosures are up dated to 
include all corrections considered rc'^ndatory. 

2.2.8 Preproduction Acceptance 

It is the general practice to require the contractor to 
submit a sample of preproduction units for final assessment 
before authorizing production of stockpile items. This is to 
assure that the manufacturing procedures and assembly techniques 
are well controlled. This is of particular importance because 
this type of device cannot be checked except on a sampling plan 
basis. 

2.2.9 Periodic Sampling Surveillance Program 

It is necessary to maintain some method of assessing the 
current readiness of stockpile items. As it is not possible to 
nondestructively test explosive devices, a periodic sampling and 
testing of the stockpile items is necessary. Such a plan should 
be initiated during the development so that sufficient spares 
are provided to maintain the proper logistics. 
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3.0 Assumptions 

3.1 The specific evaluation programs presented as appendixes 
in this report are based on several assumptions that must be 
clearly understood. The test plans were generated without an 
intimate knowledge of the history and state of development of 
each item. It is expected that the plans could and should be 
modified in accordance with technical data available at any 
given time. 

3.2 The basic assumptions are that: 

3.2.1 The plans are for the explosive components only, and do 
not contain provisions to prove-in system safety or reliability. 

3.2.2 The steps discussed in 2.2.1 through 2.3.½ have been 
accomplished. That is, the experimental and design phase, 
including design tests, has been successfully completed. 

3.2.3 The items under consideration are "one-shot" devices that 
cannot be tested repeatedly, and therefore a fairly large sample 
size is required to prove-in the design. 

3.2.4 The components should pass recognized safety, rough 
handling and environmental tests because of the potential safety 
hazards associated with explosives, and the high reliability 
required throughout the life cycle of an ordnance component. 

3.2.5 Resistance to electromagnetic radiation (HERO) will be 
determined on a systems basis. Investigations on a component 
basis are not Included in the enclosed plans. 

3.2.6 This program does not include the evaluation of the HE 
warhead. 
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4.0 Safety Discussion 

4.1 System Safety 

4.1.1 Safety is primarily a system consideration. In the final 
analysis, it is concern for or fear of premature release of the 
destructive power of the weapon system which stimulates design 
activity and administrative procedures to obtain safety. On the 
other hand, every weapon system is made up of many smaller parts 
or subsystems. Each is contributing to safety or unsafety as 
the case may be. A safe system exists only if the component parts 
possess safety characteristics which adapt well to the system 
requirements and which work well as a team with the strong points 
of one component compensating for the weakness of another. Con¬ 
sequently it is first necessary to define and discuss system 
safety before dealing with component safety. 

4.1.2 There Is no single accepted definition of weapon safety. 
It is sufficient for this discussion to say that safety is 
adequate if an acceptably small chance exists that the weapon 
will actuate prematurely during assembly, handling, storage, 
transportation, chec' out, and launch up to a safe separation. 
How small this chance should be is a matter that is not easily 
resolved. The objective for Navy fuzes has been put at one in a 
million. But this was done with reservations, because an accept¬ 
able chance with one weapon may not be acceptable with another. 
Consequently this discussion will ignore the magnitude of chance 
and will instead be devoted to ways in which the chance of pre¬ 
mature actuation can be reduced. 

4.1.3 Safety is usually obtained by purposely inserting barriers 
in the operating train. For the weapon to function these bar¬ 
riers must be removed. These relations can be illustrated by 
logic symbols. Let X, Y and Z be three series barriers (safety 
components). Each of these can have two configurations; i.e. 
operated (safety removed) or unoperated (safety affective). X, 
Y and Z can be considered as two-valued variables. X can have 
the value x (operated) or x (unoperated). Y can have the value 
y (operated) or y (unoperatea), and Z can have the value z (oper¬ 
ated! or z (unoperated). The possible combinations of these 
variables appear in Figure 4.1 which employs the Euler Circles. 
The region x y z represents the usual safe condition of the 
weapon with all three safety components supplying designed safety. 
The region x y z represents the armed condition of the weapon 
with all three safety components operated in preparation for 
weapon functioning. Between these extremes there is a designed 
order of removal of safety. If in normal operation X operates 
first, Y second, and Z third, the sequence is x y z -> x y z -> 
x y z -> x y z. This is the operating logic. If this were the 
only way to remove safety and arm the weapon, the regions x y z, 
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rLy ZÂ íuy z* x y z would not exist. But experience has 
dïf^ted ?tare Ty v^\the 8afety of a component can be defeated. It may be a faulty part that got by insoecticn it 
may be a weak but acceptable part that wL broken by íoS', tïeat- 
ment. It may have operated normally from an accidental signal 

may have been operated through personnel error Anv of th#»sp 
things by-pass the designed safety of the device!* Alfafas IS! 
opf^tiOT^f0^!! n raay,becom^ x regard] ess o' whether the operation of X was normal or abnormal. Therefore the 
süh1thatSet0i0btain^a combination of components/like X. Y^d Z 
such that environments, conditions, or personnel errors HkeW * 
to defeat one component will not b4 likely í^deflS Soííe^ 

a*svsteSt?Idid!ü?^iS+iS a eerra aPPlled at the NOL to describe J ematic identixication of environments, personnel actions 
crditlona> occ^ring in normal o/abnïïïï si?Sat?Sns 

in phases from manufacture through weapon launch whl eh 
ducc accidents unless preventive melsuKS «“^6^ ît S Î 
systematic listing and analrels of those thïLs^h have 
happened or which can be forseen as happening®during assembly 

weapon"®'Th 1 s*^1 ist îs^he01'1^]0*’' °heCk out< 1®'Inch oi the 

s^??®tehre1:fsdo?if?eappr0?ch?? ?r ProÎeSurefïrôiunt« tT* 13 
1 T?f th events listed. Since the analysis considers 

bnormal as well as normal evnironments, personnel actions ->nd 
?^o;dCSdltl0rlE; a/efln®h analysis muAPâïsÔ^Ôisîder“h’ like- 
^h°?^ °f e^countering these events, for it is more important to 
e£^?e protection in iikjly thar, ,mllkely sltuatllns!^ ^0^ 

would be intolerable if a check out procedure 
performed on every weapon produced an unsafe condition Dfsiim 
to Preclude this would be necessary. But a! ^safe coAdi?!^ 
produced by a very unusual circumstance would be more acceptable 
because the circumstance might never arise. Deíim ?o wSlîde 

preventive ^as^1* bUt the riSk "^t be accSt^l^wí^t 

4.1.5 The principal value of the hazards analysis is that it 

s£eïvesvste1m3Îf04eVentâ 40 bS ^hhiheredMe^de1»!^ of “he 
fhõp y y°/m. of ihe weapon. The design solutions to counteract 
p™lnt xe?o8co^?wr.í;'ecílves- d«ieh«r díõosê^o" 

C0^terfct a dangerous environment. But X may not be 
particularly effective for another event on the list «n h» «»rïrio 
?he°^f Y;< If ^13 latter «ent “cure s^Jim ^t^e 
P?lsen?e ofry ÍO0nXth¿ !îh ac=ldent has been prevented by^he presence oí y. On the other hand, the dangerous environment fn-r 

?eco«s Fv âdStíemÍS;Ídd%feat y! ^ thlf =aaa thFconflguratlon 

f orsee able trotee tionty S^onents is selected ¿Ivlíg the best lorseeable protection. To be sure, many of the environments. 
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conditions, a-d personnel actions developed by this process will 
be familiar ones that would be thought of anyway. But by using 
a systematic process the opportunity to overlook the less obvious 
events is reduced. Furthermore when these events are uncovered 
before a design is frozen rather than as a result of experience 
with the design, costly redesign or retrofit can be avoided. 

4.1.6 When a design has been frozen the hazards analysis loses 
much of its purpose. At best it can then only serve to check 
adequacy of the objectives to which the hardware was designed. 
The process of analyzing the safety provided by existing hardware 
is termed 'safety analysis' at the NOL(WO). The safety analysis 
has much in common with the hazards analysis. It considers 
normal aid abnormal environments, conditions, and personnel 
actions and considers the likelihood of encountering these. 
However, t goes further. It considers known and anticipated 
failure modes of the actual hardware as they relate to these 
environments, conditiens, and personnel actions. It considers 
the effects of breakage of parts, omission of parts, sneak paths 
around parts, etc., all related to the actual design and known 
characteristics of the hardware. It traces out the effects of 
these to show ways in which the condition x y z (the armed con¬ 
dition) may occur when unwanted. It considers ways in whfch the 
safety components can be by passed singly or collectively. For 
example, if static electricity should Ignite an in-line detonator 
initiating the main charge, the condition of components X and Y 
located ahead of the detonator was of no consequence for they 
were completely by passed. Fear of such an event is one of 
many reasons for the interrupted explosive train which puts a 
safety barrier after the detonator to preclude such an accident. 
All of these possible accident paths are listed and evaluated. 
The purpose of the analysis is to gain assurance that reasonable 
and adequate protection from accidents through the conceived 
accident paths has been obtained through design and procedures. 

4.1.7 The NOL(WO) does not have available documented procedures 
for conducting the hazards analysis and the safety analysis. The 
hazards analysis is still considered experimental and reqv'ring 
further development before a fixed procedure can be documented. 
A report describing a safety analysis was written a number of 
years ago but It is now out of print and needs extensive revision 
to bring it in line with present analysis procedures. It is 
believed that with the description given here and in the enclosure 
to reference (d) and a few additional guide lines, a satisfactory 
safety analysis could be conducted. The additional guide lines 
deal with the method of starting the analysis and the following 
steps are recommended. 

a. List phases in the manufacture to target sequence. 
Examples are assembly, handling, storage, transportation, check 
out and launch. 

8 
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V. Subdivide phases if deemed necessary. An example would 
be subdivision of transportation into t^uck. rail, ship, or air¬ 
craft transportation. 

c. List environments, conditions, and personnel actions 
which may occur in each phase or subphase concentrating on the 
unusual rather than the usual (the usual should be picked up in 
normal run throughs). Examples are application of excassiv« 
voltage during check out; bending a pin during connector mating: 
dropping the weapon during handling; overturning of the truck 
during transportation; weapon engulfed in fire in the storage 
âr6&y GuC• 

d. otudy the effects of each of the above circumstances 
°U íhe ?f the system considering what safety remains and 
what additional circumstances would remove the remaining safety 
This is a process of developing accident paths. 

^ v.e* ,Piscuss those accident paths judged to be most likely 
and how the system prevents these accidents through design or 
required procedures. ^ 

^ id??tifying the most likely accident paths is that 
this permits a critical review of protection measures. Since 
the mechanisms of failure have been assumed, it also suggests 
ways to obtain better protection. The decision as to which paths 
are most likely is a matter of judgment. It would be desirable 
to express these paths in terms of probability of occurrence but 
the data necessary to do this are not available. 
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4.2 Explosive Component Safety 

4.2.1 Since explosive components are by nature hazardous, they 
must be given special safety consideration. This discussion will 
concentrate on electroexplosive devices (EED's), i.e. explosive 
components which are electrically initiated. 

4.2.2 It is generally accepted that initiation of explosives is 
a thermal process. The heat may be produced in a number of 
different ways. It may be the heating of the bridgewire, the 
normal mode of initiating an EED. It may be produced by shock, 
or by crushing, or by fire. From the system point of view the 
EED's must be adequately protected from these initiating stimuli, 
or they must be isolated so that premature initiation is not a 
safety problem. What constitutes adequate protection or isola¬ 
tion depends on the characteristics of the EED. 

4.2.3 Two of the more dramatic safety problems encountered with 
explosive components involved extreme shock sensitivity and 
extreme electrical sensitivity. The extreme shock sensitivity 
developed in detonators in which azide combined with copper in 
the presence of moisture to produce a very sensitive explosive 
compound. This particular problem is well known and is avoided 
by choice of materials and component design. However there is 
always some chance that other undiscovered incompatibilities 
exist, particularly when a new material is placed in contact 
with, or in the vicinity of the explosive. Consequently the 
test programs of new explosive components place considerable 
emphasis on determining aging characteristics. With the time 
schedules available this must be done by accelerated tests and 
must accept the risks that the accelerated tests will give dif¬ 
ferent results from long term aging. 

4.2.4 Carbon bridge EED's accentuated the problems of extreme 
electrical sensitivity. These devices were designed to reduce 
power requirements in electronic fuzes. The first accidents 
occurred on the production line and were caused by static elec¬ 
tricity. A series of special procedures for handling had to be 
developed. These EED's were then picked for use in other weapon 
components. This focused attention on their extreme susceptibil¬ 
ity to initiation by RF energies. As a result of these safety 
problems, requirements were issued for use of insensitive EED's. 
The present requirement of MIL-1-23659 is a no-fire level not 
less than one ampere and one watt when applied for five minutes. > 
This is not a complete solution for HERO problems but does make 
it easier to obtain the needed additional protection from 
shisiding. 

4.2.5 These examples of safety problems with explosive components 
were related to show the relation of their safety to system 
safety. Even though the known explosive-material combinations 

10 
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which may become highly shock sensitive are avoided, the system 
design should afford maximum practical protection to the com¬ 
ponents. Even though the extremely sensitive carbon bridge EED's 
are not employed the system design should effectively shield the 
circuits from radiated energy. Experience has indicated that 
explosive component evaluation programs of the types appearing 
in the appendices give adequate measures of characteristics, 
provided there has been the needed attention to protection of the 
explosive devices in system design. In this regard, the test 
programs submitted have been based on the assumption that the 
Torpedo Mk 48 Mod 0 and the Mobile Target Mk 27 Mod 0 afford 
protection to the explosive components which is similar to under¬ 
water weapons familiar to NOL personnel. 

4.2.6 There is an aspect of explosive component safety which is 
less system oriented. Explosive components are frequently 
stored and handled apart from the weapon ani installed at the 
last practical assembly point. The safety of pe^connel who 
handle, test, and install the components is a consideration. 
The fuze rough handling tests included in the test plans in the 
appendices are generally adequate to show that ordinary prescribed 
precautions for ordnance are sufficient to avoid personnel injury 
This is not the only purpose of these tests. They serve also to 
show that the components possess an inherent ruggedness wh^ch is 
needed if the weapon system is to survive many of the possible 
accident situations. 

4.2.7 Tests of explosive components have the following general 
safety purposes: 

a. Current or voltage sensitivity tests: to determine 
susceptibility to initiation by stray energy and to explore 
circuit design problems. 

b. Vibration: to detect any tendency for explosive to 
sift or parts to shift which changes characteristics. 

c. Shock: to detect any excessive shock sensitivity. 

d. Accelerated aging: to accelerate any chemical 
which would affect characteristics. 

changes 

e. Jolt and jumble: to detect any handling problems and 
any tendency for explosive to sift and parts to break or shift. 

f. Cook-off: to determine ignition level for system 
design considerations. 

Information obtained from tests can often be used in system 
safety analyses because they give an indication of ways In which 
the components can be initiated by environments acting on the 
weapon. 



5.0 Test Procedures and Guide Lines 

5.1 Since explosive devices are expected to be inherently very 
reliable yet cannot be tested on a repetitive cycle, it is 
necessary to achieve the necessary confidence in the design and 
manufacturing techniques by utilizing special test procedures. 

5.2 Environmental overtest methods are generally used in 
evaluation of explosive components. Overtesting is achieved by 
exposing samples to environmental stresses in excess of those 
expected in the normal life of a weapon component. If a device 
is safe to handle and performs reliably after environmental over¬ 
tests, it can be reasoned that it will not be adversely affected 
during handling, stowage and use in the normal sequence of fleet 
use. 

5.3 Penalty tests are also used to achieve quantitative relia¬ 
bility data. This method employs degradation of certain elements 
of the explosive train by known aunounts and to determine on a 
statistical basis, the margin of input, output or sensitivity. 

5.4 Exposure to both individual and combined environments is 
usually the practice since an explosive component may be exposed 
during its life to a variety of conditions. The degradation of 
a "non-testable" item in a weapon system due to stowage or handl¬ 
ing can seriously reduce a weapon system performance. 

5.5 The guide lines used are those that have been developed 
through the years for the testing of explosive components such 
as fuzes. Whenever possible, standard Joint Array-Navy-Air Force 
Military Standard tests are used. The evaluation consists of 
specific types of tests, namely: 



6.0 Evaluation Program 

6.1 The evaluation programs for the nine explosive devices 
contained in the Torpedo Mk 48 Mod 0 and th? Mobile Target 
Mk 27 Mod 0 are presented as Appendices A through I. The test 
descriptions for all of the programs have teen consolidated 
and disclosed as Appendix J. The breakdown into separate 
appendices was done to simplify possible distribution of eval¬ 
uation effort among several government activities and/or 
contractors. 

6.2 The evaluation programs generated for the nine explosive 
devices are considered adequate to demonstrate safety and 
reliability if successful completion of each program is 
attained. Studies and investigatory tests have been omitted 
from the evaluation programs as it is assumed such actions 
would be taken by the design activity. 

6.3 In determining what explosive devices were present in the 
Torpedo Mk 48 Mod 0 and Mobile Target Mk 27 Mod 0, it wus dis¬ 
covered that no formal nomenclature had been assigned to each 
explosive device. As a result, the only nomenclature used in 
these evaluation plans is reference to contractor drawings, 
specifications, or other identification numbers. 

6.4 The hardware requirements for the evaluation test program 
are summarized in Table 6.1. 
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APPENDIX A 

A.O Electric Detonator (Unidynamics Drawing No. 50-^45) 

A.l The electric detonator is used in the arm and detonate 
device of the Torpedo Mk 48 Mod 0. A glass-Kovar plug is soldered 
to the case providing a hermetic seal. The bridge wire is 1.0 ± 
.1 ohms. The detonator contains 12 ± .5 mg of ignition mix ner 
Unidynamics procedure N9072, 75 ± 5 mg. of lead azide, and 165 ± 
20 mg. of RDX. It is designed to meet the one ampere, one watt 
NO-FIRE requirement of MIL-I-23659. Figure A J. presents the 
recommended pilot production test plan. A total of 365 detonators 
will be required for the program. 

A.2 The plug, bridge wire and ignition charge of the detonator 
are identical to that of the training detonator. For convenience 
and economy, the constant current sensitivity test will be covered 
by this program, and the capacitor discharge sensitivity test will 
be covered by the training detonator program. It is assumed that 
all of the tests measuring input sensitivity will apply to both 
detonators. 

A-l 
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APPENDIX B 

B.O Electric Training Detonator (Unidynamics Drawing 50-675) 

B.l The electric training detonator replaces the electric 

tí¡ai^ing version of the Torepdo Mk 48 Mod 0. 

wire +idef La^glaSriOVfr,hermet1^ seali PluS> bridge 
'1-? " -1 ohI"s)> an<i ignition mix (12.0 ± l.o nur per 

^Srí^1PTe?UT H2072?- The base charge has bfen 
changed vO lead styphnate and reduced to 20.0 ± 1.0 m£ 
îî?£ure Presenbs the reconunended test plan. A total nf 
250 training detonators „ill be required fo^ihe program? 

B.2 Because of the similarity of the plug end of the two 
V 'rsions of the electric detonator, it is assumed that all 
tests measuring input sensitivity will apply to both 'detonators 

B-l 
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Inspect, Bridge Wire and Insulation 
Resistance, Leak Test, X-ray (250) 

II Spares 

12 
-•Test No. 17 

Jolt 

12 Test No. 18 
Jumble 

121 Test No. 15 
N 40-foot 

I Guided Drop 

12 

12 

Test No. 7 
96-hour 
Salt Spray 

Test No. 14 
5-foot Free 
Fall Drop 

12- 
I Tes 

I 200 
Test No. 12 

"G" Shock 

36 

12 

Test No. 5 
Temp & Humid. 
Cycling 

Test No. 7 
48-hour 
Salt Spray 

Function 
Amb. Temp.^ 

_i8 

(Test No. 5 
Temp & Humid, 

j Cycling 

;nrzzr 
Test No. 2 
Trans. Vib. 

Test No. 10 
Launch Accel, 

Test No. 11 
Water Entry 
Shock 

I Test No. 4 
Operating Vib. 
L__-!- 

,_L 
¡Test No. 24 
Leak Test 

Test No. 26 
Capacitor 
Discharge 
Sensitivity 

Test No7 28 
No-Fire Test 
1 Ampere 

As received 
function 
All-Fire 

Function at 
-65#F, All-Fire 

50 

10 

15 

10 

Function at 160®F, 
All Fire * 

10 

F’mction All-Fire 
1/3 at 28°F, 1/3 at amb., 
1/3 at 130°F 

Notes (1) Fridge wire and Insulation resistance will be measured after each environmental 
Test. 

(2) Functioning after safety tests (Jolt, Jumble, 40-foot drop, 96 hour salt spray) 
is not a requirement. However i*1 successful, it will add to the confidence in 
the reliability. 

(3) After environmental tests all detonators will be subjected to a leak test (Test 
No. 24) except for individual tests of the factory to target sequence. 

(4) Appendix J contains test explanations. 

Fig. B.l - Training Detonator, Unldynamlcs Drawing No. 50-675 
Pilot Production Test Program 



.0 Ann and Detonate Device 

C 1 The arm and detonate device is manufactured by Unidynamics 
under specification drawing 9^9A308(R). This device 
contains the explosive train for the Torpedo Mk ho Mod 0 
Warhead and is plugged into the base of the torpedo 
exploder. The explosive train consists of dual electric 
detonators, dual explosive leads and a high explosive 
booster. The arm and detonate device is cylindrical in 
shape i.e., inches in diameter and 4 inches long. The 
leads are located in a barrier plate and are misaligned 
with the detonators in the unarmed position. A rotary 
(Ledex type) solenoid is used to rotate the barrier plate 
to the armed position. In the process of arming the 
barrier plate, a shunt is removed from the electric 
detonators and the detonator circuits are armed. The 
barrier plate is locked in the unarmed position until an 
arming shaft is depressed. This shaft is depressed by the 
action of a hydrostatically activated safety pin device 
located within the exploder. Provision has also been made 
to lock the barrier plate in the unarmed position during 
handling and storage of individual arm and detonate devices 

C.2 A total of 65 arm and detonate devices are required to 
evaluate the safety and reliability of the explosive train. 
All devices shall be explosive loaded. 

C.3 The evaluation plan for the arm and detonate device is 
presented in flow chart format as figure C.l. The tests 
indicated in this plan are described in detail in 
appendix J of the basic explosive device evaluation test 
program. 

C.4 In developing the evaluation program for the arm and 
detonate device, it was assumed that the design had been 
adequately proven out in regard to detonator to lead, 
lead to booster, and booster to main charge transfer. 
By being adequately proven, it is meant that penalty 
testing in accordance with well known explosive test 
methods (i.e., NAVWEPS Report 7411, Varicomp, A Method 
for Determining Detonation-Transfer Probabilities, 
30 June 1961) has been accomplished and adequate design 
margin has been demonstrated. 
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Test No. 3 
Transportation 
Vibration Test 
Post Test ChacT 

— 
"As Received" Check 

fTsst Io.‘ IT 
Jolt Test 
Post Test Check 

_^ 6 
Tsst Ho. 1£T 
Juable Test 
Post test Check 

Test No. TT 
Jolt Test 
Post Test Check 

(Test No; TF 
Jumble Test 
Post test ChecE 

Te ¡f 
3.5 

•est T(o. 19 
Static Detonator 
Safety Test 

10J 
Test lo. 
Teape rature and 
Huaidity Test 
Post Test Check 

Test Jo. 1¾- 
Five-Foot Drop 

Test_ 
Post Test Check 

I 
Test Wo'. 13 
Forty-Foot Drop 

Test 

IST 
••t »0! 5 
eaperature and 
uaidlty Test 

Posf Test Check 

~T 
12f 

Test fo. P 
Transportation 
Vib.ration Test 
Post Test Check 

Test No. 1Ö 
Launch Accelera¬ 

tion Test 
Post Test Check 

Test loT H- 
Water Entry 
Shock Test 
Post Teit' CHecTc" 

_ 
Test Ho. W~~ 
Operating 
Vibration Test 
Post Test Check 

12 

IU 

LcDJ 

rvT 

»gm 

si 
Opel 
Vibi 

Static 
Relia 

MOTES: 
(1) Tests are described in appendix J. of the basic explosive device 

evaluation test prograa. 

(2) The "As Received" and post test checks shall include: 
a. X-ray inspection. Check for irregularities, unsafety, etc, 
b. Bridge wire resistance neasurenents. 
c. Insulation resist^ce measurements. 
d. Visual inspection. 
e. Arming check (application of arm signal to unit). 

Figure C.] 
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ionate Device 
ve Loaded) 
>nlta_ 

.ved” Check 1 

12 £ 
Test Ho. 2 
Tranaportation 
Vibration Teat 
Post Test (¿heck 
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Feat Do. I— 
Conformance to 
)rawlngs and 
Specifications 
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rest Ho. 5 
remperature and 
Humidity Test 
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Post Test~CRecF 
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Test Wo. 
Transportation 
Vibrâtion Test 
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Test Ro-.-TÖ 
Launch Accelera¬ 

tion Test 

Test Ho. TI 
Vater Entry 
Shock Test 
Post Test ChecTc 
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st 

Operating 
Vibration Test 
Post Test" Check 

Test Ho. IT 
Vater Entry 
Shock Test 

. 
Test Ho 
Operati 
Vibrati 

7T 
ng 
on Test 

fest ‘Ho.W 
Static Firing Train 
Reliability Test 

Figure C.l Arm and Detonate Device Test Plan 
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APPENDIX D 

D.0 Cartridge, Power (Holex Drawing No. 5411) 

D.l The power cartridge is used in the exercise version of 
the Torpedo Mk 48 Mod 0 during the recovery phase. When act 
uated it drives a plunger through a burst disc releasing 
nitrogen gas, which fills a double bladder and expels remain 
ing fuel and sea water. The resulting buoyancy then causes 
the torpedo to rise to the surface to be recovered. 

D.2 The cartridge is approximately I.85 inches long X .87 
inches in diameter. It contains a primer with a dual bridge 
wire of 2.10 ± .25 ohms resistance per circuit. The NO-FIRE 
current is 0.1 amperes and the ALL-FIRE current is 1.0 
amperes. The primer contains 285 mg. of No. 72 Hercules 
Hi-Temp powder. Figure D.l presents the recommended pilot 
production test plan. A total of 175 cartridges, 60 sets of 
non-reusable parts for the start valve, and one start valve 
will be required for the program. 



Inspect, Bridge Wire & Insulation 
Resistance, Leak Test, X-Ray (175) 

7 Spares 

Test No. 5 
Temp le Humid. ^ 
Cycling 

Test No. 7 
48-hour 
Salt Spray 

Test No. 8 
Vacuum-Steam 
Pressure 

Test No. 291 
High Temp. 

^ Storage 

Function All' 
Fire Level 

■nr 

Test No. 5 
Temp 8c Humid. 
Cycling_ 

Test No. 23 
Function 8b Output 
as Received 

Test No. 2 
Trans. Vlb. 

Test No. 23 
Function & Output 
at -65*F 

12 

Test No. 10 
Launch Accel. 

Test No. 11 
Water Entry 
Shock 

Test No. 23 
Function 8c Output <- 
at 160*F 

12 

Test No. 14 
Operating Vlb, 

Test No. 24 
Leak Test 

Test No. 23 
Function 8c Output 
in Start Valve 

Notes: (1) Bridge wire and insulation resistance will be measured after each 

environmental test. 
(2) Sixty sets of expendable parts and one start valve will be needed for 

the output tests. 
(3) Functioning is not a requirement after the safety testa (40-foot drop. 

Jolt, Jumble and 96-hour salt spray). However, if successful additional 
confidence in the reliability is obtained. 

(4) After environmental tests all detonators will be subjected to a leak test 
(Test No. 24) except for individual tests of the factory to target sequence. 

(5) Appendix J contains the test descriptions. 

Fig. D.l - Cartridge, Power (Holex Drawing No. 5^11) 
Pilot Production Test Program 

D-2 
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APPENDIX E 

E.O Igniter, Electric Primer (Holex Drawing No. 5^26) 

E.l The igniter, electric primer, is used in the exercise 
version of the Torpedo Mk ¿JÖ Mod 0 during the recovery phase. 
When actuated it ignites a gas generator which supplements a 
container of nitrogen gas and is used to inflate a double 
bladder. All remaining fuel and sea water are expelled by 
the bladder, thus increasing the buoyancy of the torpedo and 
causing it to rise to the surface. The gas generator is 
needed for deep water recovery only. In shallow water the 
nitrogen bottle alone provides enough pressure to inflate the 
bladder. 

E.2 The igniter is approximately 1.60 inches long X .87 
inch in diameter. It contains a primer with a dual bridge 
wire of 2.10 ± .25 ohms per circuit. The NO-FIRE current 
is 0.1 amperes and the ALL-FIRE current is 1.0 amperes. 
The primer contains 285 mg. of No. 72 Hercules Hi-Temp 
powder. Figure E.l presents the recommended pilot production 
test plan. A total of 175 igniters will be required for 
the program. 

E.3 Due to the similarity of the igniter, electric primer, 
to the power cartridge (Appendix D), the test plans are 
essentially the same except that no output tests are scheduled 
for the igniter. The gas generator program (Appendix F) 
will test 58 igniters and generators under various conditions 
and will provide output characteristics of the igniter. 
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Notes: (1) Bridge wire and Insulation resistance will be measured after each 

(2) Functioning is not a requirement after the safety tests (4c-foot drop, 
jolt, jumble and 96-hour salt spray). However, If successful additional 
confidence In the reliability Is obtained. * ^ 

HI After environmental tests all detonators will be subjected to a leak test 
3 (Test No. 24) except for individual tests of the factory to target sequence. 

(4) Appendix J contains the test descriptions. 

Fig. E.l - Igniter, Electric Primer (Holex No. 5426) 
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APPENDIX F 

F.0 Hot Gas Generator 

F.l The hot gas generator Is manufactured by Walter Kidde and 
Company Inc., under drawings 893368 and 29II62 with Holex 
the vendor for the igniter (Holex Identification No. 5^26) 
and Amoco Chemicals the vendor for the propellants (Amoco 
drawing No. 31657 Rev B.) The hot gas generator consists 
of a nickel-plated steel case approximately 5 inches in 
diameter and 7 inches long including hemispheric ends,one 
of which is a removable cover for insertion of the grain 
assembly. The igniter and a gas outlet fitting are 
installed in the removable cover. The propellant grain is 
a perforated cylindrical grain inhibited along its outer 
cylindrical walls only. A booster consisting of pellets of 
propellant is fastened to the inside of the cover directly 
under the igniter. The gas generator supplements a 
compressed gas container for deep recovery missions only. 
This augmentation provides heat energy and supplemental 
gas required to achieve Mk 48 Torpedo boyancy at maximum 
recovery depth. 

F.2 A sample size of 75 units including igniters is required 
to evaluate the hot gas generator. In addition, one start 
valve and necessary plumbing from the valve to the generator 
will be required for conducting performance firing tests. A 
total of 58 sets of expendable start valve parts will be 
required to refurbish the start valve after each firing test. 

F.3 Figure F.l describes the evaluation test plan in flow chart 
format. All tests in the flow chart are described in 
appendix J. of the basic explosive device evaluation test 
program. 

F.4 In order to determine whether a gas generator will produce 
adequate output energy following environmental conditioning, 
it is necessary to subject the unit to a performance firing 
test. This type of test can vary from conducting actual 
systems tests in a torpedo to simplified laboratory .iring 
tests. The disadvantages of systems tests are obvious i.e., 
cost, complexity, time. As a consequence, a study must be 
made of parameters which can be easily measured and can be 
translated into performance capability. In reviewing the 
gas generator in this respect, successful functioning Is 
predicated upon producing gaseous products with sufficient 
energy (temperature and pressure per specified time) to 
adequately assist existing compressed nitrogen in driving 
fuel and water from the torpedo tankage sections. If the 
pressure-time and temperature-time envelopes for successful 
torpedo recovery are experimentally determined over the 
operating temperature range, then these parameters can be 
measured on gas generators in the laboratory and the results 
will be meaningful in terms of performance capability. 

F-l 
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With Igniter Installed 

75 Samples 

"As Received" Check 

Test Ro. T- 
Conformance to 
Drawings and 
Specifications 

7T TiiTlfeT 
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Performance 
Firing 
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-FF 
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Test flo. 18 
Jumble Test 
Post Test Cneclï 
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Jolt Test 

Test No. ~lB 
Jumble Test 

Post Test Check Post Test Check 

Five-Foot Drop 
Test_ 

Post Test Check 

Test Ho.T! 
Forty-Foot Drop 

Test 
Post Test 'ChTÓK 

Í6~ 

lest No. ^ 
Thermal Shock 

Test 
Post Test ChecTt 

Pest No. Ifc 
^ough Handling 
Jrop Test_ 
íost Test Check 

Test No.’ Vd 
Performance 
Firing 
-H30°F 

V F 
Test Ro. 
Temperature and 
Humidity Test 
Post Test Checlc 

Temperature and 
Humidity Test 
Post Test”Check 

1A. 
Test No. 6 
Extreme 
Temperature 
Storage Test 
PõsTTêst Check 

:5: 
Test No. 6 
Extreme 
Temperature 
Storage Test 
¡Post Test Check] 

UpTr1 
Test No.' 
Perf rmance 
Firing 
8 (3 ^ ,'S"F 
b e + i3o0F 

NOTES: 
(1) Tests are described in Appendix J. 

test program. 

of the basic explosive device evaluation 

(2) ie "As Received" and post test check shall include: 
a. X-ray inspection <® 70±5°F. Take grain measurements off X-ray for evidence of gra 

Inspect for cracks or other irregularities. 

b. Bridge wire resistance measurements. 
c. Insulation resistance measurements. 
d. Visual inspection , „ . . . 
e. Weight measurement. Determine H?0 increase in grain if any. Use data to compai 

firing to determine amount of material consumed. 

(3) One start valve emd plumbing from valve to gas generator along with 58 sets of expendí 
parts will be required to conduct performance firings. 



Gas Generator 
Igniter Installed 
75 Samples 

Received" Check 

ï 
F 

ist Ño. 
»mperature and 

Ldity Test 
581 Test Check 

sst Tío.' 5 
temperature and 
bunldlty Test 
l'öst Test ChecK 

jJL 

Pest No. 6 
ctreme 

Pemperature 
Storage Test if, _ mgm 
ost Test Checlc 

Pest No. 6 
Sxti erne 
Pemperature 
itorace Test 
5ost Test Check 

4^4 
No1. 

Perf' irmance 
Firing 
8 (? -» .’S"F 

130°F 

TesT No . 5 
Temperature said 
Humidity Test 
Post fest Check 

12 
Test No. T 
Transportation 
Vibration Test 
Post fest Check 

W 
Test No. lo 
Launch 
Acceleration Test 
Post Test ChecF 

Test No. TI 
Water Entry 
Shock Test 
Post Test Check 

? (Test No. 
Operating 
Vibration Test 
Post Test Check 

NOLTR 66-112 

3 V 3 + 31 
[Test1 No. 22 
Performance Firing 
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4 § •H30°F 

Test TfoTP 
Transportation 
Vibration Test 
Post Test CR'ecTt 

Test lío. 10- 
Launch Accéléra- 

tlon Test 
Post Test cheeTT 

Test VoFTT 
Water Entry 
Shock Test 
Post Test Check 

T 
Test No. 4 
Operating 
Vibration Test 
Post Test Check 

i iGb:- ■èsfNórzp- 
performance 
Firing 
6 (2 -PST 
6 § +130°F 

Test I: 5— 
Temperature and 
Humidity Test 

Test KoTT- 
Transportation 
Vibration Test 

Test No. 1Ö 
Latine h 
Acceleration 
Test 

Test No. II 
Water Entry 
Shock Test 

1(57 Test No. 4 
Operating 
Vibration Test 

Test No. 
Performance Firing 
2 @ +28#F 
2 § +130°F 

Svaluation 

ly for evidence of grain growth or shrinkage. 
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th 58 sets of expendable start valve 

Figure F.l Hot Oar Oenerator Test Plan 
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APPENDIX G 

G.0 Igniter, Start Grain (Talley Industries Drawing No. 20348) 

G.l The igniter, start grain, is used to ignite the gas 
generator which starts and maintains the main power plant of 
the Torpedo Mk 48 Mod 0. 

G.2 The igniter is approximately 3 inches long X .75 inch in 
diameter. It contains a four-pin dual bridge wire plug and 
undetermined amounts of ARI-18 ignition mix, API l8 propellant, 
and ARI 19 booster pellets. Each bridge wire is 1.35 ± -2 ohms 
The NO-FIRE current is .50 amperes and the ALL-FIRE current is 
1.0 amperes. Figure G.l presents the recommended pilot pro¬ 
duction test plan. A total of 175 igniters will be required 
for the program. 

G,3 No output tests are listed in Figure G.l. Output 
characteristics of the igniter will be determined from 64 
firings of the gas generator (Appendix H). 

G-l 
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Inspect Bridge Wire 4 Insulation 
Resistance, Lea* Test, X-Ray (175) 

2._I Spares 

zas: 
Test No. 5 
Temp. & Humid. 
Cycling 

Test No. 2 
Trans. Vlb. 

.... 

Test No. 10 
Launch Accel. 

Test No. 11 
Water Entry 
Shock 

L 

Test No. 4 
Operating Vlb. 

Test No. 2U 
Lea* Test 

Function Test 
1/3 at 28*. 1/3 at 
Amb., 1/3 at 130“ 

Test No. 17 
Jolt 

Test No. 18 
Jumble 

! Test No. 15 
i*0-foot Oulded 
Drop 

12 
Test No. 7 
96-hour 
Salt Spray 

12 I Test No. 14 
5.foot 
Free Fall Drop 

12 
Test No. 12 
200 "0" Shock 

TÏÏ 

12r 

Test No. 5 
Temp Sc Humid. 
Cycling 

12 

Test No. 7 
48-hour 
Salt Spray 

12 

Test No. 8 
Vacuum-Steam 
Pressure 

Test No. 29 
High Temp. 
Storage 

Function All- 
Fire Level --- 

12 

Function as 
Received 

12 

Function at 
*65‘F . 

12 

(- Function at 
160° F 

Notes: (1) Bridge wire and insulation resistance will be measured after each 
environmental test. 

(■?) Functioning Is not a requirement after the safety tests (40-foot drop, 
jolt, jumble and 96-hour salt spray). However, If successful additional 
confidence In the reliability Is obtained. 

(31 After environmental tests all detonators will be subjected to a leak test 
(Test No. 24) except for Individual tests of the factory to target sequence. 

(4) Appendix J contains the test descriptions. 

Fig. 0.1 - Igniter, Start Orain (Talley Industries Drawing No. 20348) 



H.0 Gas Generator 

H.l The gas generator is produced by Sundstrand Aviation under 
part no. 89328-1 with Talley Industries the vendor for the 
gas generator grain and igniter. The gas generator grain 
is approximately 3 inches in diameter and 7 inches long. 
The grain is protected from moisture by a plastic bag 
surrounding the grain and is initiated by an igniter. The 
gas generator and igniter are housed in the Mk 48 Torpedo 
power plant combustor. The combustor assembly is a reaction 
chamber in which a liquid monopropellant (Otto fuel) is 
decomposed and burned, and the resultant gases diluted with 
sea water. The fuel is sprayed through a fuel nozzle into 
the reaction chamber where combustion is Initiated and 
sustained. Initially, gas pressure from the hot gas generator 
drives a biliquid pump which pumps Otto fuel and water to the 
reaction chamber. Also, the temperature and pressure condi¬ 
tions necessary for the combustion of Otto fuel are initially 
provided by the burning gas generator. The temperature and 
pressure of the ignited fuel in the reaction chamber cause 
a continuous reaction. Sea water is supplied through a 
nozzie in the rear of the chamber to cool the combustion 
gases to approximately 1500°F. The cooled gases are then 
directed to the turbine inlet as motive power for the turbine. 
The combustor has an inner cylinder which houses the gas 
generator and within which actual fuel decomposition occurs. 
This inner cylinder is designed for easy refurbishment 
subsequent to each firing. Sea water flows between the 
inner and outer cylinder walls for cooling purposes prior to 
mixture with the Otto fuel. ^ 

H.2 A sample size of 75 gas generators and 64 igniters will be 
required for this evaluation program. In addition as a 
minimum, one combustor assembly or a suitable mockup will 
be required along with 64 sets of expendable parts, if any. 

H.3 Figure H.l describes the evaluation test plan in flow chart 
iormat. All tests in the flow chart are described in 
appendix J of the basic explosive device evaluation test 
program. 

H.4 In order to determine whether a gas generator will produce 
adequate output energy following environmental conditioning, 
it is necessary to subject the unit to a performance firing 
test. This type of test can vary from conducting actual 
systems tests in a Mk 48 Mod 0 Torpedo to simplified 
laboratory firing tests. The disadvantages of systems tests 
are obvious i.e., cost, complexity, time. As a consequence. 
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a study must be made of parameters which cam be easily 
measured and can be translated into performance capability. 
The gas generator must supply sufficient energy to the 
turbine so as to pump Otto fuel and water into the 
combustor. Also, the hot gases from the gas generator 
must be sufficient to ignite the Otto fuel and support 
combustion until the reaction is self-sustaining. 
Parameters such as combustor internal temperature and 
pressure may be measured during successful system runs in 
order to obtain specifications for laboratory measurements 
on subsystems i.e., combustor assembly or suitable mockup. 
If possible, the laboratory performance firings should 
eliminate the need of Otto fuel and water. This may require 
the firing of identical gas generators in the complete power 
plant system both with and without the use of water and fuel 
while measuring temperature and pressure in the combustor. 
It is evident by the above discussion that the performance 
firing tests for this gas generator will be very difficult 
to firm up. As a result, the designer must continually work 
lor a better method of testing gas generator output so that 
adequate specifications can be formulated In regard to perform 
anee testing without the need for systems testa. 
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NOTES * 

(1) Tests are described in appendix J of the basic explosive device evaluation 
(2) The Igniters will be exposed to the environmental conditioning along with e 

generator scheduled for performance firing. 
(3) The "as received" and post test checks on the gas generators and igniters a 

a. X-ray inspection. Look for cracked propellant and other irregulariti 
b. Make physical measurements on grain to determine grain shrinkage or g 
c. Bridge wire resistance measurements. 
d. Insulation resistance measurements. 
e. Visual inspection. 

(4) Additional hardware will be required for the performance firing. As a mini 
combustor assembly or suitable mockup will be required along with 64 sets c 
expendable parts, if any. 
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Figure H.l Gas Generator 
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APPENDIX I 

1.0 Generator, Gas Module Assembly (Unidynamics Drawing No. 
50-463) 

1.1 The generator, gas module assembly, is used in the exercise 
version of the Torpedo Mk 48 Mod 0 to deploy a radar reflector 
at the end of the run in order to locate the torpedo for 
salvage. 

1.2 The generator is approximately .73 inch long X .2 inch 
in diameter. It contains an Atlas match M-103 of 1.3 ± .13 
ohms bridge wire resistance, 400 ± 20 mg. of N-69O ignition 
powder, and 100 ± 10 mg. of SR4990 rifle powder. Figure 1.1 
presents the recommended pilot production test plan. A total 
of 175 generators will be required for the progreun. 

I.3 There is not enough information at this time to define an 
output test. However Figure 1.1 lists output tests where 
necessary assuming that detailed tests will be designed when 
the information is available. 



Inspect, Bridge Wire k Insulation 
Resistance, Leak Test, X-Ray (175) 

Spares 

Notes: (1) Bridge wire and Insulation resistance will te measured after each 
environmental test. 

(2) Sixty sets of expendable parts and one start valve will be needed for 
tne output tests. 

(3) Functioning Is not a requirement after the safety tests (¿W-foot drop, 
“i? 96-hour salt spray). However, If successful additional 

confidence In the reliability Is obtained. 

fííf* environmental tests all detonators will be subjected to a leak test 
ilnendiv’T individual tests of the factory to target sequence. 
Appendix J contains the test descriptions 

w 
(5) 

Fig. 1.1 - Generator, Gas Module Assembly (Unidynamics Drawing No. 50-463) 
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APPENDIX J 

J.O Test Descriptions For Explosive Devices in Torpedo Mk 46 
Mod 0 and Mobile Target Mk 2? Mod 0 

J.l Test No. 1. (Conformance to Drawings and Specifications) 

J.1.1 In evaluating ordnance items, it is necessary to assure 
that the items represent the latest design disclosures. 
Consequently, the items must be checked piece by niece 
to the drawings for dimensional and material comormance. 
Specification conformance must also be determined. In 
this case, environmental and performance test data can be 
obtained from evaluation test results. 

J.2 Test No. 2. (Transportation Vibration Test) 

J.2.1 Transportation Vibration Test - The test item is rigidly 
"attacned to the vibrator table with a fixture that 
transmits the desired vibration without introducing 
unrealistic resonances or restrictions that could keep 
the item from vibrating in its normal modes. If 
convenience or cost considerations dictate that the sub- 
assemblies should be vibrated in weapon hull sections, 
the hull sections should be considered as part of the test 
fixture and may be stiffened to meet the above requirements. 
Simple harmonic vibration is applied along each of the three 
mutually perpendicular axes for three hours. The total test 
duration is nine hours. The frequency range of 10 to 100 
cps is covered by cycling at a logarithmic rate which does 
not exceed one-third octave per minute. Any portion of the 
frequency range may be covered by using discrete frequency 
steps of equal time duration which are spaced no more than 
one-sixth octave apart. The vibration amplitude is 
maintained at .060" ± .006" peak to peak or 3 g (peak), 
whichever is the lesser value. Where large test fixtures 
are used, the vibration amplitude should be limited to the 
test amplitude on any portion of the fixture. 

J.2.2 The test items shall be both safe and reliable following 
this test. 

J.3 Test No. 3 (Transportation Vibration Test) 

J.3-1 The test items shall be tested and evaluated In accordance 
with the Military Standard Transportation Vibration Test 
(MIL-STD-303A). 

J.4 Test No. 4. (Operating Vibration Test) 

J-l 
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J.4.1 Operating Vibration Test - The test Item is rigidly 
attached to the vibrator table with a fixture that 
transmits the desired vibration without introducing 
unrealistic resonances or restrictions that could keep 
the item from vibrating in its normal modes. If 
convenience or cost considerations dictate that the 
subsystems should be vibrated in weapon hull sections, 
the hull sections should be considered as part of the 
test fixture and may be stiffened to meet the above 
requirements. Wherever practical, test items should 
be in operation during the test. Test parameters for 
the various torpedo and target test items are shown in 
Table J.4. Simple harmonic vibration is applied along 
each of the three mutually perpendicular axes for equal 
periods of time. The applicable frequency range is 
covered by cycling at a logarithmic rate which does not 
exceed one octave per minute. The vibration amplitude is 
maintained to within 10% of the specified levels. Where 
large test fixtures are used, the vibration amplitude 
should be limited to the test amplitude on any portion of 
the fixture. Target test items which are expended during 
target operation or replaced after eîÆh operation should 
be subjected to one test cycle. All other target test 
items should be subjected to five test cycles to insure 
reliable operation during the repeated operation of the 
target. 

J.4.2 The test items shall be both safe and reliable following 
this test. 

J.5 Test No. 5« (Temperature and Humidity Test) 

J.5.1 The test items shall be tested and evaluated in accordance 
with the Military Standard Temperature and Humidity Test 
(MIL-STD-304). 

J.6 Test No. 6. (Extreme Temperature Storage Test) 

J.6.1 The test items shall be stored for 28 days at a tempera¬ 
ture of +160°F followed by an additional 28 days at -65°F. 
The relative humidity shall be uncontrolled end determined 
only by laboratory ambient humidity conditions. No 
protection shall be afforded to the test items while under 
extreme temperature storage conditions. 

J.6.2 The test items shall be both safe and reliable following 
this test. 

J.7 Test No. 7- (Salt Spray Test) 

J.7.1 The test items shall be tested and evaluated in accordance 
with the Military Standard Salt Spray Test (MIL-STD-306). 

J-2 
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TABLE J.4. OPERATING VIBRATION TEST PARAMETERS 

APPLICATION 

— 

FREQUENCY 
RANGE 
(cps) 

TEST AMPLITUDE 
(lesser of two 

values) 
DURATION 

Displace¬ 
ment inch 
(peak to 

pe-Jk) 

Accele¬ 
ration 
g (peak) 

Per Axis 
(minutes) 

Total 
(minutes) 

Torpedo Test 
Items-Except 
Turbine 
Power Plant 
Items 

10 to 500 .100 3 20 60 

Torpedo- 
Turbine 
Power Plant 
Items 

10 to 
2000 

.100 5 5 15 

Target Test 
Items 

10 to 
500 

.100 2 20 60 
per 

cycle 
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J.8 Test No. 8. (Vacuum Steam Pressure Test) 

J.8.1 The test items shall be tested and evaluated in 
accordance with the Military Standard Vacuum Steam 
Pressure Test (MIL-STD-305). 

J.9 Test No. 9» (Thermal Shock Test) 

J.9«l Thermal Shock - The item to be tested shall first be 
placed within a test chamber wherein a temperature of 
160°F is maintained. The item shall be exposed to this 
temperature for a period of four hours, at the conclusion 
of which, and within five minutes, the item shall be 
transferred to a chamber having an internal temperature 
of -65°F. The item shall be subjected to this temperature 
for a period of four hours. This constitutes one cycle 
which is repeated three times. At the conclusion of each 
of the first two cycles the test item is immediately, 
within five minutes, transferred to a chamoer having an 
internal temperature of +16C°F. At the conclusion of the 
third cycle, the item shall be removed from the test 
chamber, returned to a room temperature environment, and 
within a period of one hour inspected. The duration of 
exposure at each extreme temperature shall not be less 
than that specified and may be extended to overnight 
exposure to prevent interruption of the transfer sequence. 

J.9*2 The test items shall be both safe and reliable following 
this test. 

J.10 Test No. 10. (Launch Acceleration Test) 

J.10.1 Launch Acceleration - The test item shall be attached to 
the shock tester table in mounts designed to simulate as 
realistically as possible the service installation. This 
mounting is to include any vibration or noise isolators 
if used. The item is oriented so that the resulting 
inertia force will be parallel to the longitudinal axis 
of the torpedo or target and directed toward the aft end 
of the torpedo or target. The item is accelerated so that 
a peak of 8 g is attained in 0.2 second; the total duration 
of the pulse is one second. 

J.10.2 The test items shall be both safe and reliable following 
this test. 

J.ll Test No. 11. (Water Entry Shock Test) 

J.11.1 Water Entry Shock - The test item shall b.^ attached to 
the shock tester table in mounts designea to simulate as 
realistically as possible the service installation. The 

J-4 
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mounting is to Include any vibration or noise isolator 
if used. The test item is then subjected to three 
shocks, transverse vertical, transverse horizontal, 
and axial (i.e., axial is torpedo or target longitudinal 
axis.) The magnitudes of the shocks are presented below: 

WATER ENTRY SHOCK TEST PARAMETERS 

Torpedo Mk 48 Mobile Target 

Transverse Approximate 1/2 sine, 60 g, 
40 milliseconds duration 

Approximate 1/2 sine, 90 
3d milliseconds duration 

Axial 4 g, 0.5 second duration 3 g, 0.5 second duration 

J.11.2 The test items shall be both safe and reliable following 
this test. 

J.!2 Test No. 12. (200 "G" Shock Test) 

J. 12.1 200 11G" Shock Test - Test items are to be mounted in the 
oevice or intended use or in a suitable test vehicle 
affording the same degree of support. The shock pulse 
shall be applied to the item's mounting points in both 
directions along each of three mutually perpendicular 
axes. The shape of each shock pulse shall approximate 
as nearly as possible a half sine wave. The amplitude 
of each shock pulse shall exceed 200 "g's" for 1.5 ± 0.4 
millisecond and it shall exceed 65 "g's" for 9 ± 0.9 
millisecond. 

J.12.2 Test items shall be free from visible damage or leaks 
(if applicable) and shall perform satisfactorily in 
functional tests subsequent to this test. They shall 
be functionally tested at 70°F. 

J-13 Test No. 13. (Forty-Foot Drop Test) 

J.13.1 The unprotected test items shall be dropped forty feet 
free fall onto a nonyielding steel plate (3 inch armor 
plate, minimum). Impact orientations shall be chosen 
which are deemed most likely to cause failure. Each 
item will be dropped once only. 

J.I3.2 The test items shall be safe to handle and dispose of 
following this test. 

J.l4 Test No. 14. (Five-Foot Drop Test) 

J.14.1 The unprotected test items shall be dropped five feet 
free fall onto a nonyielding steel plate (3 inch armor 
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plate, minimum). Impact orientations shall be chosen 
which are deemed most likely to cause failure. Each 
item will be dropped once only. 

J.14.2 The test items shall be safe to handle and use following 
this test i.e., not necessarily reliable. 

J.I5 Test No. 15. (Forty-Foot Guided Drop Test) 

J.15.1 The test items shall be mounted in a test fixture and 
fastened to the carrier of the guided drop test 
apparatus. The drop test apparatus is comprised of 
three basic components as follows: (a) A rigidly 
supported, truncated cone shaped, hardened steel anvil 
having a minimum 6.0 inch diameter flat top, a minimum 
36 inch diameter base, and a minimum height of 21 inches 
fixed to a concrete pad of minimum diameter 36 inches and 
minimum thickness of 60 inches, (b) A carrier to which 
the test fixture is fixed having a striking surface of 
hardened steel 6.0 inches in diameter and a minimum 
thickness of 3«0 inches. Separate carriers may be necessary 
for vertical, 45°, and horizontal positions, (c) A vertical 
guide which guides the carrier in its drop to the anvil. 
The guide design should allow as little friction as 
possible. 

J.I5.2 The test items shall be subjected to a forty-foot drop 
test in the apparatus described above. The items shall 
be unfired and safe to handle and dispose of following 
this test. 

Test No. lo. (Rough Handling Drop Test) 

J.I6.I Unpttckaged test items shall receive a series of drops 
onto a nonyielding steel plate (3 inch amor plate, 
minimum). Each test item shall be dropped four times 
from 24 inches and eight times from 12 inches. A study 
of the test item geometry shall be made in order to 
choose impact orientations judged most likely to cause 
failure. 

J.I6.2 The test items shall be examined after each drop and 
shall receive a thorough post test check following the 
drop series. The significance of damage resulting from 
the rough handling drop test will be assessed on a per 
case basis. Unless obvious damage results which would 
prohibit use of the tes- items, it is considered that 
the items must remain safe to handle and use in order 
to pass this test. 
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J.17.I The test items shall be tested and evaluated in 
accordance with the Military Standard Jolt Test 
(MIL-STD-3OO). 

J.18 Test No. 18. (Jumble Test) 

J.I8.I The test items shall be tested and evaluated in 
accordance with the Military Standard Jumble Test 
(MIL-STD-30I). 

J.I9 Test No. 19. (Static Detonator Safety Test) 

J.19.1 The test items shall be tested and evaluated in 
accordance with the Military Standard Static Detonator 
Safety Test (MIL-STD-315)• 

J.20 Test No. 20. (Static Firing Train Reliability Test). 

J.20.1 The purpose of this test is to determine the reliability 
of arming device explosive trains. A minimum of ten 
arming devices shall be initiated with fully armed 
explosive trains. Of these, a minimum of four are to be 
initiated after a four hour soak at +130°F and four after 
a four hour soak at +28°F. A minimum of twenty-five 
arming devices shall be subjected to a Bruceton type test 
to determine the reliability of the explosive train at 
maximum tolerance conditions of detonator to lead 
misalignment. NAVORD Report 2101 (Statistical Methods 
Appropriate For Evaluation of Fuze Explosive-Train Safety 
and Reliability) shall be used as a guide as well as 
appropriate firing techniques described in MIL-STD-315 
(Military Standard Static Detonator Safety Test). Of 
these, at least five arming devices shall be initiated 
after a four hour soak at +130°F and five after a four 
hour soak at t28°F. In all cases, only one detonator 
shall be initiated. 

J.20.2 In assessing explosive train reliability, hardware 
deformation and/or break-up can be used by explosive 
experts to determine whether the train functioned high 
order or not. Another method of making this determination 
is by use of a steel witness plate. Initially, as a 
control, several boosters (one at a time) are placed 
against a steel witness plate and detonated high order by 
use of an Array Engineers Special Blasting Cap or 
equivalent. All future tests of the explosive train 
would then be made with boosters placed against an 
identical witness plate. By comparing the damage to the 
witness plate (dent) with the control witness plates, a 
decision can readily be made as to whether or not the 
device produced a high order detonation. 

J^ 
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J.21.1 

J.22 

J.22.1 

J.23 

J.23.] 

j.23.; 

J.24 

j.24.: 

J.24. 

A cook-off test is performed to determine th® fe8J;8tfnce 
of the test item to elevated temperatures. This test 
can be accomplished in two basic manners depending upon 
the size of the test item. For small items with 
negligible heat sink i.e., detonators, a thermocouple 
can be placed on the skin of the item, the item placed 
in a suitable temperature chamber, and the temperature 
increased until the item autoignites. A temperature- 
time record is obtained whereby cook-off temperature is 
determined. If the test item has considerable mass 
(heat sink) such as gas generators, the following 
technique can be employed. Place the test item in a 
temperature chamber heated to +150 F. Maintain th^8 
temperature for a minimum of four hours and then raise 
the chamber temperature rapidly by 25 F and soak for an 
additional four hours. Repeat this Procedure until the 
item auto-ignites. The accuracy of this technique is 
limited to within 25°F. If greater accuracy is required, 
a smaller temperature interval can be used. 

Test No. 22. (Perfonnance Firing) 

This test consists of firing a gas generator and meaat^ing 
kev oarameters to determine performance capability. These 
firings are to be made at the operating temperatures of 
+130°F and +28°F. 

Test No. 23. (Power Cartridge Output Test) 

The test items shall be mounted in the valve, identical 
to the torpedo valve configuration including all 
expendable parts. Functioning shall be at the All-Fire 

level. 

The test items shall have functioned, causing the 
plunger to shear the burst disc. 

Test No. 24. (Leak Test) 

The test items shall be immersed in water in a suitable 
Bell jar and the pressure reduced to^4. ±, inch^.°1, „ 
mercury absolute. Visual evidence of bubbles shall be 
indication of a leaker. 

Test items shall be safe and operable following this 

test. 



NOLTR 66-112 

J#25 Test No. 25. (Constant Current Sensitivity) 

J.25.I 
For this test an instrument capable of maintaininc a 
constant current through the bridge wire of the tfs? 
item, and a suitable safety chamber Till be íecesslry 
An appropriate starting level and step size are ^ 

"stliríüfip"by Íí1^1 ^nd error- The Bruceton or 
staircase method of NAVORD 2101 "Statistical Mpth^Hc 

Appropriate for Evaluation of Fuze ExpioaïJa TralS 

nrtnï is to tíe^ean 
or Mo-Flre6levai* 1««!, and the 0.1* 

J.26 Test No, 

J.26.1 

(Capacitor Discharge Sensitivity) 

test a suitable low loss canncitor. a i 

chamber^wlll ?v,ltchlng system, and a suitable safety°SS 
le“l and steSea?eCeSSarï'e An aPPr0Priste starting level and step size are determined by trial and error 
"qtn + r1??1'0? or staircase" method of NAVORD 2101 

Test No. 27. (Steel Dent Output Test) 

J.27.I The test items are mounted in a suitable fixture confiné 

cLnî»aHinf ^ a heavy brass sleeve, and placeJ on a 
be used Ih^n1 ïïîïL h" ^^laie safety cha^Cer must 
hinï?ed‘rnKWhfn an indentation is formed in the 
block. The depth of the indentation is measured bv a 
gauge capable of measuring to ± .001 inches rimite 

SapthdordLhLaVeraSe dep?h °f danta ^ on'lndmSual 

J'?7'2 range^111 ^ Pr°Vltie a dent “lthln the P>-°PSh range will be classed as an output failure. P 

J.28 Test No. 28. (No-Fire Test) 

J'í’8'1 Flre^current^v^n ?^?ed f°f flve mlnutes ‘he No- 
íonstant.ní^L^.^™6"1 caPable of maintaining a 
constant current through the bridge wire. A suitable 
safety chamber must be used. 

J.28.2 Test items that function will be classed as failures. 

J-9 
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J'29 Test No. 29. (High Temperature Storage) 

J.29.I The test items are placed in a chamber at 160°F for a 
period of 28 days. 

J.29.2 Following the test the items shall be reliable and 
safe to handle. 
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