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BULOVA SYSTEMS & INSTRUMENTS CORPORATION

1.0 INTRODUCTION

This Final Technical Report is prepared to summarize the progress on

Contract DAAK10-78-C-0269 covering the period from 27 July 1978 thru
31 December 1979.

The objective of this effort was to improve the develop-
ment of a Dual Mode Impact Delay Device (previously developed on Contract
DAAAZ2] -77-C-0080) thru a hardware analysis phase to demonstrate design
confidence and reliability of performance in the artillery firing environment,

See Figure I for drawing of the latest configuration.
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'\2. 0 BACKGROUND

The M1 Plunger Delay Element currently in use on artillery fuzes is limited in
usefulness due to the fixed pyrotechnic delay time employed. The effect against
thin targets is that the round can pass thru the wall of a typical thin target, go
thru an empty space and enter the opposite wall before detonation. The effect
against thick targets is that the round will detonate prior to penetration of the
wall into the occupied space. Both cases illustrate less than optimum effective-

ness against all possible target thickness.

The Dual Mode Impact Delay provides a delay proportional to target thickness

so that detonation occurs as a function of target penetration regardless of thickness.

This is accomplished by sensing the deceleration on impact. Upon reduction of
deceleration force to a level corresponding to target penetration, the unit senses
this and detonation occurs. This mode of operation therefore provides optimum

projectile effectiveness regardless of target thickness.
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3.0 SCOPE
The Sﬁope of .Wlork for this contract was divided into 3 phases with each phase
having specific improvements incorporated and tested for sensitivity, environ-
ment and ballistics, Each are discussed below,
4
In addition, as part of Phase I, a study was conducted/{y R. Stresau Laboratory to”
A - Evaluate sensitivy of the M55 Detonator by means of a flying plate test

and compare with the sensitivity of a less sensitive material (lcad oxidc)

B- Evaluate the ability of a reduced output M99 to initiate the acceptor
M55 Detonator
&

e

Results of the above study follow,




R STRESAU LABORATORY, Inc. /
RESCARCH — DEVELOPEENT — EVALUATIONS ]

DPLONVE DEVICES, SYSTENS AND TRSTRUSENTATION RSLISK gggl‘“ mmm.m:::wn ]
. 0 S LE-R add
ES.! {E-034 ) Spooner, Wisconsin 54801
Bulova Systems & Instruments 7 December 1973
Post Office Rox 1R9 4

Valley Streams, New York 11582

Subject: M/39 Fuze, Dual Mode Initiation Device P/N KFR8590
Initiation of M55 Detonator by M99 Delonator

Re: P, 0. 5822
entlemen:

l. Reported lierein are efforts to analyze factors involved 1in
the initiation of the M55 Detonator by the M99 Detonator
of the M739 Fuze as affected by the Dual Mode Initiation
Device P/N KFRR590 as proposed by us. This analysis will
tc based on results of penalty tests in which the test
variables will 1include loading and other desigr variables
of both detonators and diwmensiors of irnert components of
the system, especially the paths through the CiiID with the
739 sct [or point detonation, as dircvcted 1n the referenced
purchase order.

2. Although, n the basis of gualitative cons:derations, it
seems quite obvious that the subject transfer should be
highly reliable, quantative assessnent of the reliabality
's diificnltt because of the inkerent randomuness of some of
the controlling factors in the transfer process. An exaui-
wation of the design, in the light of experience with explo-
sive initiation svstems, leads to the conclusion that the
agency ol th's transfer 1s rapidly moviug fragnents either
of the "retairer" of the M99 detonator or of the point of
the firirg pin which might be torn loose. When fuze hard-
ware, inciuding detonators, becarne available for testing,
it was found that the point of the [iring pin was torn loosc
{sec Fhoto S4f-1). 1t is reasonable to assume that the tip
of the fiving pir is the principal agency of detonation
transfer. ‘ ' ;

!

3. The angular attitude of the tip of the pin at impact can .
be expected to preatly affect 1ts effectivencss in this
function. The point of the firing pin is, of course, of the ¢
standard dusign and diwensions prescribed for firing pins
for M55 detonators, which, when initiated as prescribed must
fire relrably on a one¢ inch-ounce inpact. 1t cav be expected
that those firiug pin tips which strike point end first will |
resutt in hirphly reliable initiation.  The two back corners i
nay be near'y as effective, edpe on impact iess so, and flat
normal ampoct may require wany times the energy required for
inttiation hy 4 top hitting point fiist. As g result, o
very tarve random vaviation in the top velocity regquired for
initiation is to be expected.

5
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4, Similar corsideration of the complexity of the interaction
of factors which must affect energy and momentum transfer from
the 99 detonator to the firing pin tip leaves no room tor
uubt that the realized velocity of impact of the tip on the
M55 detonator also varies over a wide range. The distributions
of kinetic erergy anong the fragments as well as their trajec-
tories are necessarily largely random, particularly as Lhev
affect the kinetic energy and momentum of the fragments which
penctrate the central hole of the firing pin to a point where
thev can contribute to the breaking and accelceration of the
firing pin tip. The momentum and kinetic energy of the tip
are those remaining after deducting the losses of inelastic
impact and the energy required for fracture of the tip fronm
the firing pin.

5. The rcliability with which the M55 detonator will be fired
by the M99 Detonator in the subject fuze is the probability
that the velocity with which the tip of the f:ring pin will
exceed that necessary for initiation. 1t, thas depends upon
the comparison ol two quantities each of wh*(h, as has been
shown in foregoing paragraphs, 1s subject to large randow
variation. The extreme sensitivity of the M35 Detonator in
combination with obscrvation of substantial damage to inert
or insenstive components wrought by the firirge pin tip (Photo
748--2) 1ead to intuitive confidence that the lowest realizabl.
tip velocity exceeds the highest velocity required to initiate
an M55 detunator. Experimental data in support of this con-
fidence scewed elusive from the start and was, i1ndecd, rather
difficult to attain. A variant of the "Varicomp" approach was
usedto obtain data which was extrapolated statistically to
ontain estimates of reliability.

6. The "Varicomp" method in its broadest definition is a method
of detonation transfer probability assessment which involves
the substitution, for an explosive specified in the design,
of another material of differing scns1t\v1ty 1f both mater:al.
have been calibrated, using the sawe test, 1n terms of the
reclationship between initiation prooablllty and the magnitud:
of the initiating stimulus, and 1f the surrogate has been
judiciously chosen, it is possible to predict the probability
of initration of the desigr explosive {rom results obtained
with the surrogate. The approach is discussed in more detail
in Lnclosvre A, As is poiuted out in References 1 and 2, it
is essential to the validity of reliability estimates made by
the Varicomp method that the calibration test simnlate as
closely as practical (in particular with respect to the !
dctonation transfer mechanism) that which applies to the
system being considered, or nlternntﬂly that data be obtained
by methods which, 1in effoct "bracket'" conditions in the
system as designed.,
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The choice of a suitable Varicomp surrogate for the M55 was
based on a combiration of consideration including availability,
sensitivity relative to that of the NOL 130 priming mix usca

as the prining charge of the M55, and unambiguous response
characteristics. Of course, any surrogate should be sensitive
cnough to be at lecast reasonably consistently initiated when
substituted in the system to be evaluated. Illowever, since
vfforts to select and calibrate the surrogate (and calibrate
the M55 Detonators) were started before receipt of the 1NM9Y
detonators, some of the other factors were the subject of
rxperimental effort before experimental determination of per-
formance of surropates in the syscem as designs could be made.
The M55 Detonator must {per specification) be initiated by

a one inch-ounce impact using its standard firing pin. None
of the surrogates which were considered can be initiated by

any inmpact which can be,administered by a dropped weight on

the standard f{iring pin~. Assuming such data to be applicable,
almost anv cuarrently used pure explosive (including lead azide
and lead stvphnate) would be quite appropriate as a surrogate.
Lowever, the combinatiorn of low velocity and relatively laryge
rniass with the nearly pointed firing pin {iy has a 0.007 {lat)
rerioves this test so far from simulation™’" of the subject
interface as to destroy the credibility of any prediction made
on this bas:s. A Proportional Gap Test, with SO0 il

digneter donors and M55 detonators as acceplors was pertormed
with the expectation that i1t, with existing stab sensitivity
data might be shown to 'straddle'" conditions at the subject
interface. The results of this test, which when compared with
exi1sting data’', indicates that even PETN is too senstive for
use as a surrogate for the M35, made any effort to recalize

this expectation academic. It was decided, at this point, to
try to simulate the conditions of the system as closely as
possible in the calibration tests. All subsequent calibratior
tests were determinations of the velocity of an aluminum disc
0.01% thin by 0.075 diameter necessary tor threshold initiatior
of the M5S detonator or a Varicomp surrogate. ]

In the calibration tests, the acceptors were 155 detonators or
M55 detonator cups loaded with candidate Varicomp surrogates.
The candidates svrrogates were:

Explosive Source Loading Pressure
Dextrinatcd Lead Azide  DuPont 30 Kps1
PETN Trojan Powder Co. 30 Kpsi
Barium Stvphnate R. Stresau lab., 10 Kpsi
Ine.
Lead Styphnate Olin Industrial 10 Kpsi

Preliminary to the calibration tests, each of the candidates

was tried as a surrogate in the subject {uze, with the DMID
in place and set for point detonator.

2
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PETN and barium styphnate were eliminated becanse they were
not initiated by the M29 Detonator in the interface as described
in paragraph 1. Lead styphnate was eliminated because its
recaction, 1n the subject interface,wvas relatively mild, with
ranifestations (sce Photo 546-3) usually refered to as those

of "low order detonation” requiring subjective judgrment for
characterizatisn as “fire'" or '"failure". Dextrinated lead
azide, loaded 1n 155 cups and substituted for M55 detonators
irn the systom wvas consistently and unmistalably detonated
{Photo 54R8-.), Dextrinated lead azide was, tcatatively,chosen
ns azVaricomp surrogate. On the basis of stab sensitivity
data®, 't would be predicted that any systen which wonld
mitiate dextrinated lead azide would be a highly reliable

it tiator of the NOL 130 priming charge. lowcver, as has becn
pointed out, such predictions are probably mislcading because
of the difference in mechanisms involved in stab and f{ragment
Ml e len:

i0. In a thirtv-trial Bruccton calibraticn test (as described at
tte end ot paragrapli 7, Bruceton 54f-4) of M55 detonators the:
nean velocity threshold velocity (507 point) for initiation
was found (o be 155 meters per second with a standard devia-
tion of (.0005 log units. By statistical extrapolatior as
iliustrated :n SK 78-4-1 (Enclosure A) the velocity required
tor 99.67%  (minnaum at 95% confidence) reliat-l. initiation
wonld be 430 meters per second (see enclosed calculation shedt
for Rruceton Test 54K-1).

s e N D R AN s e

It was {ound that lead azide was initiated, in the calibratien
test, by a flyer plate impacting at 214 meters per second.
Thus, a less sensitive acceptor was necessary as a Varicomp
surrogate. However, as mentioned above, all other availabvle
candidates had been eliminated. A few efforts were made to
desensitize lead azide with gdditives but it became apparent
that the development of a desensitized lead azide of satis-
factory characteristics would be a separate project of a mag-
n:tude beyord the scope of the reterenced purchase order.

The i1nterposition of an aluminma barrier in contact with the
input surtace of the acceptor was used as an additional peralty.
A series ot experiments were performed to choose an appro-
priate thickness of this barrier. 1n the calibration test,
430 meters per sccond served as the criterion. 1t was found
that the "cut-off" barrier thickness is between six and seven
mils and, iv five trials with 8.8 mil barriers ncne of the
acceptors were initiated. On the basis of this last f{inding,
it has been shown that, at 957 confidence, that the mean
velocity (that for 50% initiation), for initiation of the
dextrinated lead azide with a 8.8 mil cover is at least 430
meters per second.,

In tests of the subject interface using dextrinated lead azide
acceptors with 10.6 mil barriers, the acceptors detonated in
four of five trials. In a repeat test, using 8.8 mil barriers,
the score was, again, four in five. Combining these data, 1in
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eight of ten trials with aluminum barriers at least 8.8
mils thick, dextrinated lead azide detonators were initiated
by the M99 detonator at the subject interface defined in
paragraph 1, above. By b1nom1a statistics, e1ght gsuccesses
in ten trials 1nd1cate a minimum reliability {at 95% con-
fidence) of 49.37%, which, for purposes of the analysis such
as this, is not s¢gnificant1y different from 50%. Taken with
the results cited 1n paragraph 11, the foregoing demonstrates
that the stimulus transferred from the M99 detonator to the
M55 detonator at the subject interface is equivalent to that
delivered by the ca11brat10n test at 430 mcirers per second
as the results, given in paragraph 10, of the calibration
test of the M55 detonator indicate, the minimum reliability,
predlctvd ar 957 confidence when initiated in the calibration
~st at 430 meters per second is 99.975%. 1t can be predicted,
trom the foregoing, that the reliability of detonation transfer
between the M99 detonator and the M55 detonator at the subject
interface should be at least 999757% at 95% confidence.

This prediction, of course, 1s subject to the usual rescrva-
tions, pointed out in Enclosure A, which apply to the predic-
tion of high degrees of safety or reliability by extrapolation
trom penalty tests performed with small samples. These reser-
vations are particularly applicable to the present case in
view of the probable variability of the stinnlus transmitted
to the M55 dctonator, pointed out in Paragraph3, hereof. In
support of the rationale of paragraph 3, note 1in Photoe 548-5
and 54f-6, which are of the acceptors which failed in the
Variconp tcsts of the artual interface, that both acceptors
bear imprints which could have resulted only from flat side-on
impact of the firing pin tips.

Respectfully submitted,

= /’- .
/ u.cﬂf‘t—
é H. Qtresau

RIS /nrb

Enclosure A
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BRUCETCN DATA SHEET No. J548-4
Type of Test _ Flying Disc Item _mgzigna;or _Dwg kc.
Variable Velocity Step Size .025 Log Units
Criterion of Fire Shattered Rotor
Disc laterial _ Aluminum Di.._.075 Thickpess .0l§
Lead
Explosives Azide Base

Charge Dia or Other Size

Flash Cnarge__NOL 130 Int.Charge__ (PVA)

Charge RDX Acc.__
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BRUCETON CALCULATIONS
PRCJECT 543 CALCULATION DATE _454«//%
BRUCETON NUMEER _Syg-4 CALCULATICNS BY /.
BRUCETCN DATE /7 /n7,/28 CHECKED ( 2?2 ) _ ,/)- 7/
X O i n Amd el O'3T=(U).(G)='(%5’(O?3
+4 v
r b B, a 4
v 1 LY 4 =.0/5@2o3M
1608 g : 05 % N
1 v 2, 3 § T= /70
W CX<=(T) (0% )= 0275
/5 -2 I e '("’; G
N A B .
o Vi 4
A -2
B a4
X=% +d (- ;
= /:S,o% m/s T (T) (C_.)=p0876
,00 wnie
B A2 Y at 95% :
M=N_(_N,)..I£§ 33 g
= (5822
D, < = - X -0z (<at 95%) = 34987
s =_ b STEP at95%0+0’6(<at95%) (M 3’30
O=(5) (step siz-e} /S
"2“"’ R
G = //3
Maximum Amte®y Failure
H=/95 Rate at 95% Cocnfidence
401, <30 m/S = 0.000?5
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Firing Pin {KBRK579) of DIID KFRS590 with
tip blown off by MY9 bLetonator in 736 Fuze

13
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M5 Fuze Rotor, showing damape to detonator
cun ‘which had been loaded with PETF)Y by output
of 1102 Petorator filtered throngh LA (KFE&590)

14
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Portars from M739 Fuzes i whicel D09 Belonators
Lo Lecen Lired with DNUD set for, poiat

btonat ion, Fotor at ledt (ubverse side of
that shewn in Photu 548=2) had contained an

oo enp loaded with PETH. Rotor at tefbr had
contaened an 55 cup loaded with Lead Styphnate

15
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&M Module of 1749 Fuze in which the
M55 betonator had been repiaced with
an M55 Detonator Cup loaded with
dextrinated lead azide.  The MN29
Letonator had been {ired with the bulb
Let for point detonation,

16
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Conent of Rotor ol 'M739 Furze with i1HH

tup loaded with dextrinated lead {acceptor)
azvde and covered with aluminug bairier,
Aeeceptor had farled when M9¢ detonator was
bored with DLWLD set for pornt detonation.
Pete duprint of firing pir point striking
Liut side on.
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Barrier disc from trial similar (in both
arrangenent and result; to that described
i caption of Photo 54R8-5
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PHASE I
BULOVA TESTS

300 Units Made
100 For Ballistic Tests

100 For Environmental and Sensitivity Tests

All Above Assemblies contained the following:

Brass Plungers slotted for ball clearance.

Housings and covers modified using government furnished Mi Delay
assembly parts.

Aluminum (machined) firing Pin Holders.

Other parts used were the same as previous contract (dwg. no. KF-88590).

METHOD OF TESTING:

All Plunger sub-assemblies were tested for non-arming (1100 RPM) and

arming (2000 RPM) before final assembly and then repeated after final assembly.

After environmental testseach unit was checked for non-arm position and then

armed. The units were then dropped on a steel plate at a specified height to

simulate ground impact and then examined for function.

19




PHASE I
ENVIRONMENTAL & SENSITIVITY TESTS

A, Sensitivity Tests - Quantity 20 Units

1.
2.

Unit No.

All units passed Arming (2000 RPM & Non-Arming (1100) Tests.

After Arming Test, all units were checked for Plunger Freedom.
It was found that 10 of 20 units witnessed an interference between
the spin detents (2) and the shoulder of the Firing Pin Holder when

the Plunger was depressed.

This interference was caused by the accumulation of tolerances on
affected parts plus the inconsistant shape (although within draining
tolerance) of the detent lock (soft tooling and 2 piece spot-welded
construction),

10 of 20 Units were not tested due to above defect.

FUNCTION DROP HEIGHT (IN.)

2 3/4 33/4 43/4 5 3/4
No Yes
No Yes
No No No No =
No No Yes
No Yes
No Yes
No Yes
No Yes Yes
No Yes
No Yes
20



* FAILURE ANALYSIS ON UNIT NO. 7
Failure was due to plunger spring interference (solid height) with plunger

which did not allow sufficient travel to release the firing pin balls. (2)

To prove this failure mode, the plunger and spring was reassembled into the
housing and the depth of plunger travel was gaged to check functioning distance.
Gage measured .198 travel. A min. of .215 travel is needed for function.

To correct this condition, the spring lead in diameter on the plunger was

chamfered to allow spring to seat properly.

B. Unit configuration: Brass plunger had taper cuton spring guide end

for proper spring seating. All other parts same as previous test.

Bl. JOLT & JUMBLE TEST 6 UNITS
1. After test all units examined to verify safe position - All OK
2. Verify plunger freedom - All OK
3 Performed Arm/Non-Arm Spin Test - All OK
4, Perform Sensitivity Tests
Unit. No. Test Function Drop Height (IN.) Remarks
2 3/4 3 3/4 4 3/4
1 * No Yes
2 Jolt & Jumble No Yes
3 No No No 1 Slider Ball Released
5 l No No No Plunger jammed in
down pos. approx.
.125
4 Jolt Only No Broken Detent Lock -
No Test
6 No No Yes
21




FAILURE ANALYSIS

Unit No. 3 Detent protrusion caused interference with outside diameter on

Firing Pin Holder. Holder O.D. to be reduced . 020 dia.

Unit. No.5 Plunger jamming due to burr on edge of Plunger. Edges to be

radiused on future lots.

Unit No. 4 Broken detent lock was caused by poor spot welding. Parts are

to be 1 pc. construction on future lots.

B2. AMBIENT SENSITIVITY TEST 9 UNITS

ALL UNITS SPIN TESTED FOR ARM/NON-ARM - ALL OK
ALL UNITS CHECKED FOR PLUNGER FREEDOM - ALL OK

UNIT NO. FUNCTION DROPHEICHT (IN.)
23/4 33/4 43/4
7 No Yes
8 No Yes
9 No No Yes
10 No No Yes
11 No Yes
12 No No Yes
13 No Yes
14 No Yes
15 No Yes
C. Unit configuration: DMID Units A thru L (11 Units)

1 Firing Pin holder O.D. was reduced . 020 Dia,
2. Plunger Chamfered for Spring Clearance.
3. Plunger Spring modified (ends turned outward)

Dmid units 1 thru 7 - Same as above except item 1 was not modified.

22




Cl. Jolt & Jumble Tests - 11 Units

Units A thru L were subjected to Jolt Test, After test all were checked for {

' safe position - All OK.
Verify plunger freedom - All OK :
l Arm/Non-Arm Spin Test - All OK :
' Units E, F,G,H & J were reassembled to M739 fuzes and subjected to Jumble
Tests.
' After Test, All checks were performed (same as above) All OK except i
Unit No. J which became loose during test was considered an overtest,
| C2. Transportation Vibration Test - 7 Units
l Units 1 thru 7 were subjected to transportation vibration test (Ambient)
All above checks after test were OK. |;

All dmid units were then armed and tested for Sensitivity as follows:

23




I
' Unit No. Test Function Drop Height (In.) Remarks
43/4 53/4 6 3/4
I C1 A Jolt No Yes
B " No Yes
I C i No Yes
D " No Yes
l E Jolt & Jumble No Yes
F = " No Yes
G 4 " No Yes
H " " No No One ball released
J " k No No No Overtest
K Jolt NO TEST
L " No Yes
Cc2 1 TV Yes
2 " No Yes
3 Ut Yes
4 " No Yes
5 " Yes
6 " Yes
7 " No * Yes *Plunger jammed
Down-No ball
Release

FAILURE ANALYSIS:

H - One ball released during drop test. Firing pin did not release -
no cause found.
J - Locking screw loosened during test,

K . Unit could not be disassembled - (thread stripped)
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D. Unit Configuration: 15 Dmid units with stainless steel firing pin holders.

Chamfered and radiused brass plungers modified plunger springs (ends

turned out) New detent locks (1 pc. construction)

All Arm/Non-Arm and plunger freedom tests were acceptable.

SENSITIVITY TESTS - 15 Units

Unit No. Test Function Drop Height (In.)
4 3/4 53/4
1 Ambient Yes
2 ¥ Yes
3 1 Yes
4 " Yes
5 i Yes
6 Jolt No Yes
7 " i Yes
8 " " Yes
9 b’ " Yes
10 " i Yes
11 Jolt & Jumble " No
12 " " " Yes
13 i " i Yes
14 " " " Yes
15 " " i Yes

FAILURE ANALYSIS:
Unit No. 11 - Slider Ball came out but did not function. Firing Pin was
depressed slightly and released. Small burr was found on I. D. of firing pin

holder.
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3.3 BALLISTIC TEST RESULTS
YUMA PROVING GROUND

PHASE 1

70 Dmid Units with Brass Plungers (Modified with Exit Channels for Ball
Relief) were assembled to Inert M739 Fuzes and fired for recovery using
the following:
Units 1 thru 35 ~ 155mm, Zone 2, HQE Set SQ
1 thru 7, 1100 Mils elevation,
8 thru 22 1050 Mils
23 thru 35 1075 Mils

Units 36 thru 70 - 155mm, Zone 7 LQE, Set Delay 315 Mils Elevation.
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OUND NO.

943

944

945.

946

947
948

949
950
951
952
953
' 954
955
956
957
958
959
960
961

FUZE NO,

1

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

FUZE DMID S&A
SETTING FUNCTION FUNCTION REMARKS
Super Yes Yes Plunger Stuck in
Quick Down Position
‘ - - Not Recovered
- - Not Recovered
Yes Yes Firing Pin in
Start Position

Firing Pin in
Start Position

' ; i

Super Quick Yes Yes
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|
f
|
|
|
;
|
|
|

971
972
973
974
975
976
9177
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999

OUND NO.

FUZE NO.

29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

48

49
50
51
52
53
54
55
56
57

FUZE

SETTING

Super
Quick

¥

Super Quick
Delay

)

Delay

28

DMID
FUNCTION

Yes

l

Yes

Yes
Yes

Yes

Yes

Yes

Yes

Yes
Yes

Yes

Yes
Yes

S&A
FUNCTION

Yes
|

-} — -

Yes

Yes
Yes

Yes

Yes

Yes

Yes

Yes
Yes

Yes

Yes
Yes

REMARKS

Not

Not

Not
Not

Not

Not

Not

Not
Not
Not
Not

Recovered

Recovered

Recovered

Recovered

Recovered

Recovered

Recovered

Recovered
Recovered
Recovered

Recovered




ROUND NO.

I 1000

I
:
:

- e e e — —

1001
1002
1003
1004
1005
1006
1007
1008
1009
1010

1011
1012

FUZE NO.

58
59
60
61
62
63
64
65
66
67
68

69
70

FUZE

SETTING

Delay

l

Delay

29

DMID
FUNCTION

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

S&A
FUNCTION

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

REMARKS

Not Recovered

Not Recovered

Fuze Heavily
Damaged

Not Recovered




PHASE I

3.4 ENRIRONMENTAL TESTS

Parts Ordered for 1000 Units
100 Units made for Ballistic Tests

32 Units made for Environmental & Sensitivity Tests.

Assemblies contained the following:

Zinc Lie Cast Plungers with Minor Design Changes.

New Design Housing & Cover,

Modified Slider & Firing Pin Holder to Accomodate New Housing.
New Springs for Arming Level of 1700 RPM and

Non Arming Level of 1100 RPM.

One (1) Piece Construction Detent Lock

All Assemblies were Tested in the Same Manner as Phase I.
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PHASE 11
ENVIRONMENTAL TESTS

e

a) JOLT TEST - QTY 5 UNITS

‘Arming & Non-Arming Test - Acceptable

Sensitivity
Unit No. Function Drop Height (in.)
41/2 51/2 61/2
1 Yes - -
2 Yes - -
3 Yes - -
4 No No No
5 No Yes -

Failure Analysis: Unit No.4 when Plunger was Fully Depressed

would not fire, no cause found.

b) JOLT & JUMBLE TEST - QTY 5 UNITS
Arming & Non-Arming After Test,

Units 8,9 & 10 would not Arm
Sensitivity

6 >

> Did not Function After 3 Drops
8"

9 |/ Did not Arm After Test

10 Spin Detents were Jammed.

¢) TRANSPORTATION VIBRATION - QTY. 5 UNITS ARMING & NON ARMING
TESTS - ACCEPTABLE

Sensitivity
Unit No. Function Height (in.)
41/2 51/2 € 1/2
11 Yes = =
12 Yes - -
13 Yes - -
14 No No Yes
15 Yes - -
31




D) COLD TEST (-45°F) 2 UNITS, TESTED IN ARMED POSITION

Sensitivity
t Unit No. Function Height (in)
41/2 Ly
1 16 No Yes
17 Yes -

E) SENSITIVITY TEST (AMBIENT CONDITION) 15 UNITS

I
I
'
i
1
|
|
l

Unit No. Function Drop Height (in.)
41/2 EhN/2  6v/2 Y2 81/2
18 Yes
i Yes
20 Yes
21 Yes
22 Yes
23 Yes
24 Yes
25 Yes
26 Yes
27 Yes
28 * No No No Yes
29 * Yes
30 * Yes
31 % No Yes
32 * Yes

* These Units were Dropped using new M739 Fuze Bodies. The Soft Nose Caps
Cushioned the Drop Force & therefore needed a Higher Drop Distance. All other
Units Utilizaed Previously Used M739 Fuzes,
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8" PLYWOOD IMPACT TEST

155MM, MI109A1, Zone 2, T2 Charge, Target-500 Feet, Fuze Set-Delay,
Velocity -780 ft./sec.Quantity - 10 Units.

Round No,

1

O W O 3 o bW N

—

Fuze No. Function
70 Behind Target (3 to 5 feet)

66 "
63 "
17 U
61 "
10 ‘ i
69 "
5 0
68 "
67 "

8" PLYWOOD IMPACT TEST

105MM, M102, Zone 5, T2 Charge, Target - 500 Feet, Fuze Set Delay,
Velocity - 1000 ft/sec.

Round No,

1

O 0 2oy bW

(=]
(=]

Fuze No. Function
4 Behind Target (3 to 5 feet)

16 "
29 "
30 "

22 "
21 "

62 "

34
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— e b e e
N b W N

Round No,

PRE-RELEASE TEST

Fuze No.

46
88
73
39
89
87
86
34
26
77
72
37
23
25
75

35

155MM, M109A1, Zone 2, HE Charge, QE-1050 MILS, Ground Impact,
Fuze Set-SQ, Velocity - 780 ft/sec, Qty, 15 Units,

Function

High Order on Impact




PRE-RELEASE TEST

155MM, M109A1, Zone 2, Inert, QE-1050 MILS, Ground Impact for Recovery,
Fuze Set-Delay, Velocity -780 ft/sec, Quantity - 25 Units.

Round No. Fuze No. Recovered
1 11 Not Recovered
2 12 Functioned (S&A Armed, Det Pierced)
3 13 00
4 6 "
5 14 i
6 15 Not Recovered
7 8 Functioned (S&A Armed, Det. Pierced)
8 5 e
9 29 "
10 10 "
11 16 b
12 4 g
13 17 "
14 3 Not Recovered
15 45 "
16 7 Functioned (S&A Armed, Det. Pierced)
17 19 Did not function (S&A Armed, Det. not
Pierced)
18 20 Not Recovered
19 32 "
20 31 Functioned (S&A Armed, Det. Pierced)
21 30 i
22 22 "
23 2 it
24 26 U
25 27 Not Recovered
36




Round No.

BROACHING TEST

Fuze No.

1

© W 00 3 O v b W N

S —
—

— e et
L5 2 DR - VS N AV

27
37
38
31
35
39
33
64
74
36
48
32
40
28
41

37

155MM, MI109Al1, Zone 7, HE Loaded, QE-310 MILS, Ground Impact, Fuze
Set-Delay, Velocity - 1850 ft/sec., Quantity 15 Units.

Function

High Order on Initial Impact




BROACHING TEST

155MM, MI109A1, Zone 7, Inert, QE-310 MILS, Ground Impact for Recovery,
Fuze Set-Delay, Velocity - 1850 ft/sec Quantity - 25 Units.

sessd ooss DEg BEE R AR e

Round No. Fuze No. Recovered

1 28 Functioned (S&A Armed, Det. Pierced)
2 47 0
3 46 0
4 49 1"
5 41 0
6 42 Not Recovered
7 21 S&A Armed-DMID Firing Pin did not Release
8 50 Functioned (S&A Armed, Det. Pierced)
9 32 il

10 39 e

11 31 Uy

12 38 g

13 27 it

14 40 g

15 48 0g

16 44 Ul

17 43 0

18 25 09

19 23 o0

20 24 0]

21 34 Functioned (S/A Armed, Det.Pierced)

22 33 0

23 37 Ui

24 36 il

25 35 0g
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3.6 PHASE I11
ENVIORNMENTAL TESTS

Quantity 116 DMID units of current design (Assembly No. KF-87906) and
Quantity 67DMID units of updated design (some parts modified to incorper-
ate a change in assembly procedure) Assembly No KF-87906 REV A were
assembled into M739 Fuzes and tested per MIL-STD-331, For Jolt &
Jumble, Transportation vibration, 40 foot drop,Thermal Shock and

temperature testg.

At the completion of tests, all units were spin tested for non-arming at

1100 RPM and then armed at 1700 RPM.

A sensitivity test was then performed for function by dropping each unit at

a controlled height (approx. 6 1/2 inches) to simulate impact.

A summary sheet & details of each test are as follows:
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g el b

TEST

JOLT & JUMBLE

JOLT & JUMBLE
TV
TV
TV

40 FT. DROP

40 FT. DROP
40 FT. DROP
5 FT. DROP
5 FT. DROP
5 FT. DROP
THERMAL SHOCK

SUMMARY SHEET
PHASE 111
CURRENT DESIGN

CONDITION (O FUNCTION REMARKS
COLD TEMP. 65°F 18 16 2 units did not
arm
HOT TEMP. +160°F 18 18
AMBIENT 5 5
COLD - 65°F 10 10
HOT +160F 10 6 4 units did not
arm
COLD - 65°F 10 9 1 unit did not
function
HOT 10 10
AMBIENT 5 5
COLD - 65°F 5 5
HOT +160°F 5 5
AMBIENT 10 10
- 10 8 1 Firing pin

did not release

1 did not arm

TOTALS 116 107
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.; PHASE 111

i TEST UNITS
CURRENT DESIGN
l
UNIT NO. FUNCTION HEIGHT REMARKS
I (INCHES)
J & J - COLD (-65°F) 18 UNITS
l 1 61/2
2 6N /2
' 3 71/2
4 61/2
I 5 61/2
6 15
| . 6172
8 61/2
' 9 71/2
10 Did not arm -
l 11 81/2
12 71/2
' 13 61/2
14 71/2
l 15 81/2
16 Did not arm -
l 17 61/2
18 15
l J & J - HOT (+160°F) 18 UNITS
19 61/2
l 20 B1/2
21 61/2
' 22 6€1/2
i
41
f
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UNIT NO.

23
24
25
26
27
28
29
30
31
32
33
34
35
36

37
38
39
40
41

42
43
44
45
46

FUNCTION HEIGHT
(INCHES)
61/2
61/2
71/2
61/2
61/2
/12
61/2
61/2
LI
61/2
61/2
61/2
6 1/2
61/2

TV - AMBIENT 5 UNITS

6 1/2
61/2
61 /2
61/2
61/2

TV - COLD (-65°F) 10 UNITS
61/2
81/2
61/2
81/2
61/2

42
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UNIT NO. FUNCTION HEIGHT  REMARKS
(INCHES)
47 61/2
48 61/2
49 61/2
50 61/2
51 61/2

TV HOT (+160°F) 10 UNITS

52 61/2
53 Did not arm -
54 Did not arm -
55 61/2
56 6 1/2
57 Did not arm -
58 61/2
59 61/2
60 Did not arm -
61 61/2

40' DROP - COLD (-65°F) 10 UNITS

62 Nose down 61/2
63 Nose down 6 U2
64 Nose up 61/2
65 Nose up 61/2
66 Horiz. 61/2
67 Horiz. : 61/2
68 45° Nose down 61/2
69 45° Nose down 61/2
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UNIT NO.

70
71

72
73
74
75
76
77
78
79
80
81

82
83
84
85
86

87
88
89
90
91

<

FUNCTION HEIGHT
(INCHES)

45° Nose up
45° Nose Up

40' DROP - HOT +160°F

61/2
61/2

10 UNITS

61/2
61/2
61/2
61/2
61/2
61/2
61/2
61/2
61/2
812

40' DROP - AMBIENT 5 UNITS

5' DROP - COLD (-65°F)
Nose Down
Nose up
Horiz.
45° Nose down

45° Nose up

44

61/2
61/2
61/2
61/2
61/2

5 UNITS
61/2
6172
61/2
61/2
6 172

REMARKS




‘UNIT NO.

5' DROP - HOT (160°F)

Nose Down
Nose up
Horiz.

45° Nose down

45° Nose up

5' DROP - AMBIENT
Nose up

1"

Nose down

45° Nose down

1 1"

45° Nose up

1" 1

THERMAL SHOCK

FUNCTION HEIGHT

(INCHES)
5 UNITS
& W2
61/2
61/2
61/2
61/2

10 UNITS

61/2
61/2
61/2
61/2
61/2
6 1/2
el
61/2
6 1 /2
& 1/2

10 UNITS
61/2
61/2

Balls released (firing pin did not release)

Did not arm

45

0 VE
6 1/2
61/2
61/2
51/2

"REMARKS




UNIT NO. FUNCTION HEIGHT REMARKS

(INCHES)
115 51/2
116 51/2




6, I ENVIRONMENTAL TESTS

PHASE 111
UPDATED DESIGN
SUMMARY SHEET

TEST CONDITION QTY FUNCTION REMARKS

TV Ambient 2 1 1 Did not arm
(Spin lock jammed)

TV Cold -65°F 5 5

TV Hot +160°F 5 4 1 Did not arm

Jolt & Jumble Cold -65°F 5 3 1 Did not arm
1 Assembled in armed
position

Jolt & Jumble Hot +160°F 5 0 Units assembled in
armed position
No Test

Jolt & Jumble Hot (Retest) 4 3 1 Did not fire
Unit set safe

Jolt & Jumble Ambient (Retest) 8 7 1 Unit did not arm
Spin locks jammed

40Ft. Drop Cold -65°F 5 5

40Ft. Drop Hot +160°F 5 5

40Ft. Drop Ambient 2 2

5Ft.Drop Cold -65°F 2 2

5Ft.Drop Hot +160°F 2 2

5Ft.Drop Ambient 5 5

Thermal Shock - 5 5

SPECIAL UNITS

Jolt & Jumble Cold -65°F 3 2 1Did not arm
TV Cold -65°F 4 4
Total 67 55
47
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PHASE 11

TEST UNITS

UPDATED DESIGN

FUNCTION HEIGHT

UNIT NO. TEST (INCHES)
TV-AMBIENT
1 8 2
2 Did not arm - Spin Detent Jammed
TV-COLD -~ 65°F
3 61/2
4 6 1/2
5 8 1/2
6 81/2
7 81/2
TV-HOT +160°F
8 61/2
9 Did not arm - (Spin Detent)
10 81/2
11 61/2
12 61/2
J&J - COLD -65°F
13 Did not arm (Spin detents jammed 2)
14 81/2
15 81/2
16 Unit - fired during test - was assembled in armed position
17 81/2
J&J - HOT 160°F
18 Unit was assembled in armed position - retest
19 Same as Item 18
20 Same as Item 18
21 Did not arm
22 Same as Item 18




PHASE 1II
TEST UNITS

UPDATED DESIGN

FUNCTION HEIGHT
UNIT NO. TEST (INCHES)

40'DROP - COLD - 65°F

23 Nose Down 61/2
24 Nose Up 61/2
25 Horiz. 61/2
26 45° Nose Up 81/2
27 45° Nose Down 81/2
40' DROP - HOT -165°F
28 Nose Down 61/2
29 Nose Up 61/2
30 Horiz, 8 1/2
31 45° Nose Down 81/2
32 45° Nose Up 8 1/2
40' DROP - AMBIENT
i 33 Nose Down 81/2
34 Nose Down B 2
5' DROP - COLD -65°F
35 Nose Down 61/2
36 Nose Down 81/2
5' DROP - HOT +165°F
37 Nose Down 61/2
38 Nose Down 81/2
5' DROP - AMBIENT
39 Nose Down 61/2
40 Nose Up 81/2
41 Horiz 61/2
42 45° Nose Up 81/2
43 45° Nose Down 61/2
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PHASE 111
TEST UNITS

UPDATED DESIGN

FUNCTION HEIGHT

UNIT NO. TEST (INCHES)
THERMAL SHOCK -65°F & 160°F
44 SRt
45 81/2
46 61/2
47 61/2
48 8 2
J&J - RERUN - AMBIENT
A 81/2
B 81/2
C 8\ e
D 61/2
E 8 w2
¥ 8 1/2
G Did Not Arm - Spin Detents Jammed
1! 81/2
J&J - HOT +160°F (RETEST)
Did not fire - Unit set safe at 7' after 4 Drops
6
5 /2
6
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The following tests were made on updated units (modified for improved assembly)

with Zinc Die Cast Firing Pin Holder P/N KC-89493,

Jolt & Jumble Test - 8 Units 4 Hot & 4 Cold.

All Units did not function.

It was determined after this test that the Firing Pin Balls did not Release the
Firing Pin. This was due to excessive force used while staking the retainer

onto the firing pin holder which closed up the Firing Pin Ball Holes.

New Units were assembled and The Test Rerun as follows:

J&J, COLD TEMP. (-65°F)

Unit No. Function Height (in.)
5 Did not arm (cent. Lock sticky)
6 7 W2
7 61/2

TV CONDITIONED, COLD TEMP. (-65°F)

12 6 1/2
13 61/2
14 71/2
15 61/2
51




3.7 BALLISTIC TESTS
PHASE III

The following ballistic tests were conducted to evaluate the Final Prototype

Design (Dwg. KD87906 Rev, A) under this contract,

All tests were conducted at Yuma Proving Ground using M739 Fuzes and T-2

explosive charges.

A summary and detail sheets follow.

A- Diagnostic These ground impact tests were conducted to determine
unit performance at zones and elevations where previous designs
experienced operational problems. (Broaching and Pre-release)

B-  Sensitivity These tests were conducted to determine unit sensitivity

against plywood targets using min. and max. charges and various plywood

thicknesses.

C- Reliability

D- Graze

E- Penetration
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