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DEVELOPMENT OF THE MK 97 MOD O DELAY DETONATOR
By
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ABSTRACT: A nominal 0.3 second, flash-initiated, delay detonator
has been developed for the AN-M173Al1 Fuze. A limited number of
detonators were subjected to standard Navy rough handling and
surveillance tests. These tests were successfully met. &An
independent evaluation of the detonator confirmed the soundness

of the detonator. The detonator is completely documented with
drawings and specifications.
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This report discusses the design and development of a flash-initiated,
delay detonator. The design of the detonator, the test program, and
the test data are reported. The work was supported by "Fire Eye
Fuzing”, Weprask RM37-73066/W110-5H-03. The report will be of interest
to fuze design engineers, explosive component designers, and explosive
component users.

J. A. DARE
Captain, USN
Commander

W mee

C. U. ARONSON
By direction

ii

Y &)




vy TR

NOLTR 66-134

CONTENTS

INTRODUCTION . . . . ¢ ¢ ¢ ¢ o ¢ ¢ o o o s o o o o«
DETONATOR DESIGN . . . . « « « ¢ ¢ ¢ & ¢ o o ¢ o o
TEST PROGRAM AND RESULTS . . . « ¢ « o ¢ ¢ o o « o &
DISCUSSION . . . ¢ ¢ ¢ o ¢ o o o 2 o s o o o o o =
CONCLUSIONS . . . &+ ¢ ¢ ¢ o o o o o s o o o o o o o

REFERENCES . . . . . . ¢ ¢ ¢ o o ¢ o o o o o o o o«

ILLUSTRATIONS
Figure Title
1 Multi-Position Fuze AN-M173A1 . . . . . . .
2 Explosively Modified AN-M173Al1 Fuze . . . .
3 Detonator, Delay Mk 97 Mod O . . . . . . .
4 Functioning, Delay, and Output Test Fixture

Mk 97 Mod O Delay Detonator . . . . . . . .

S Engineering Test Schedule for the Mk 97 Mod
Detonator . . . . & . ¢« ¢ ¢ ¢ ¢ 4 e e o o .

iii

-

for the

0 Delay

.

Page

.1

Page

10

11




«
P
ks

BLANK PAG




-

NOLTR 66-134

INTRODUCTION

1. The multi-position fuze AN-M173Al1 shown in Figure 1, is stock-
piled by the Navy for use in fire bomb weapons. A number of safety
and reliability deficiencies exist in this fuze which has necessitated
a program to develop a new fuze and in the interim to modify the
existing fuze with a "quick-fix" program. Numbered amongst its
deficiencies are (a) an in-line explosive train, (b) easy arming by
careless manipulation, (c) a detonatOf (the M31) which contains lead
azide loaded into a copper alloy cup* , and (d) a primer (the M26)
which was found to deteriorate on long term storage.

2. A program (Fire-Eye) to replace the AN-M173Al Fuze with one which
would meet current Navy safety and reliability criteria was established.
In the interim, a quick-fix program (Fire-Eye Mother Hubbard) to
modify and rework existing AN-M173Al1 Fuzes began. The quick-fix
“"Fire-Eye Mother Hubbard® program would result in a modified AN-M17321
Fuze. This modified fuze would have greater safety and reliability
than the AN-M173A1 Fuze. The program involved making mechanical and
explosive modifications to the AN-M173A1 Fuze. The explosive
modifications consisted of replacing the M26 Primer with a more
reliable primer (Mk 156 Mod O Primer) having good long term storage
characteristics and replacing the M31 Detonator (instantaneous) with
one which contains a short delay time (0.3 second). The delay time
was required to allow the fire bomb tuel to disperse over a large area
be fore fuel ignition occurred. This report covers the design and
development of the delay detonator used to replace the M31 Detonator
in the AN-M173A1l Fuze.

3. The requirements for the replacement detonator were that:

(a) It meet standard Navy rough handling and surveillance
tests normally conducted on such devices.

(b) It be dimensioned so as to be retrofitted into existing
AN-M173A1 Fuze hardware.

(c) The sensitivity and output to be equal to or greater than

that of the M3l Detonator.
(d) The delay time to be 0.3 t0.1 second.

The explosive modifications to the AN-M173Al1 Fuze are shown in Figure 2.

DETONATOR DESIGN

4. The external configuration of the detonator was dictated by the
space available in the AN-M173Al1l Fuze. Since this detonator was to
be a direct replacement for the M3l Detonator, it was designed with

* References are on Page 6.
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a threaded body so that it could be screwed into the existing fuze
body. The detonator metallic parts (body, baffles, and sealing discs)
were made of aluminum. Aluminum was chosen for its compatibility

with lead azide, which was used as an explosive in the detonator.

A-1A igniter composition (Mil-P-22264), an iron oxide/zirconium metal
mixture, was chosen as the flash cha:qo. The delay powder was
manganese delay composition (Mil-M-21383). Slcited baffles were placed
on both sides of the delay column to keep the delay column under
compression guring burning. This resultsin more reliable and uniform
delay times %>, The output or detonating explosives consist of lead
azide and RDX. Aluminum discs were crimped at both ends of the delay
detonator and an epoxy resin was applied to the crimped area to seal
the component. The loaded detonator, designated Mk 97 Mod O, is
illustrated in Figure 3. The delay composition is loaded into the
detonator first to eliminate the possibility of contaminating the walls
of the detonator body with the more sensitive igniter composition and
detonating explorives. This helps prevent instantaneous or short
delay times. The adequacy of the output charge was based on its
ability to initiate,high order, the tetryl booster in the modified
AN-M173A1 Fuze.

TEST PROGRAM AND RESULTS

5. After the design of the detonator parts was completed and checked
for dimensional compatibility with the fuze, a small number of
detonators were loaded and tested for sensitivity, delay time, and
output. The criterion for satisfactory sensitivity was that the
detonator be initiated by the Mk 156 Mod 0 Primer (the primer to be
used in the modified AN-M17321 Fuze as a replacement for the M26 Primer)
over a one-inch air gap. The delay column length based on the measured
delay times was adiusted to yield the desired time of 0.3 *0.1 second.
The base charge or output was established by firing the detonator
against the tetryl booster in the modified AN-M173A1 Fuze and adjusting
the weight until high order detonations were consistently obtained.

Once the output of the detonatoz was satisfactory, the dent it produced
in a steel witness block® was used as the criterion for proper output.

A test fixture to obtain sensitivity, delay time, and output was
designed and is shown in Figure 4.

6. At the completion of the above tests, the detonator design appeared
reasonable so a lot of 184 detonators was fabricated for engineering
design tests. The test schedule is given in Figure 5., After the
detonators were ccnditiohed, they were tunctioned in the test fixture
(Figure 4) which is used in conjunction with the Mk 136 test set (ball
drop machine). A two ounce ball was dropped from a height of six
inches onto the firing pin to initiate the Mk 156 Mod O Primer.

7. Functlonxng. delay time, and output testing over the temperature
range -90° to 165°F showed no significant shifts in delay time or
output. The results of this testing are given on the following page:
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Delay Time i

(seconds) i

° ° :L ;-

bl 0 F _RT -90°F 3

N 25 25 25 i
X 0.337 0.348 0.322 :
s 0.024 0.022 0.055 %
Output - Depth o€ Dent :

(mils) 5

N 7 5 2 1
4

b4 22.0 23.1 23.0 i
s 1.75 1.2 - !
¥

N = Sample size i

X = Mean delay time i

atandsrd geviation
, ? ean Depth of Dent

8. X-ray examination ot the detonators after transportation and air-

craft vibration showed no apparent changes in the internal or externzl
structures. When functioned at room temperature in the test fixture,

the following results were obtained:

De la ime (seconds)
Aircraft Transportation
Vibration Vibration
N 15 15
X 0.332 0.335
S 0.024 0.015

9. Jolt and jumble testing had no significant effect upon the
detonators and subsequent functioning in the test fixture gave the
following results:

Delay Time (seconds)
Jolt Jumble
N 15 15
X 0.342 0.340
s 0.011 0.014
3
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10. The 40 foot drop test was modified to guide the detonators

(in a fixture) to impact in a given position. ,The guided drop test
was conducted in three positions, vertical, 45°, ‘and horizontal. Some
deformation cof the detonators was noted after this test, but none
initiated and they were capable of being fired afterwards in the test
fixture. The resultswere as follows:

Delay Time (seconds)

vertical ] 45° JHorizontal
N 3 3 3

—

X 0.337 0.332 0.376

11. A sequential test in which the detonators were subjected to
vibration, jolt, jumble, and 40 foot guided drop gave the following
results:

Delay Time
(seconds)
N = 10
X = 0.320
{s. = 0,032

12. It was not certain whether or not this detonator could pass the
temperature, humidity cycling test (Mil-Std-304) because the device
does not have a hermetic seal. However, it was of interest to know
just how long a period of time could be tolerated by the detonator in
this environment. Therefore, samples were withdrawn from the
conditioning test chamber after 7, 14, and 21 days. Functioning in
the test fixture after withdrawl gave the following results:

Delay Time (seconds)
7-§3¥E--Tz-f;ys 21 Days

N 10 10 10
X 0.333 0.350 0.357
s _ 0,008 0,019 0,021

The results of this test  were very encouraging in that it indicated
that although the device was not hermetically sealed, the epoxy resin
seal was adequate and the surveillance characteristics of the detonator
appeared to be good.




NOLTR 66-134

DISCUSSION

13. The nature of this development program required a quick-£fix in

the: shortest pcssible time. There is always an element of risk in such
a program due to the lack of time to -ontemplate the design and an
insufficient test program to uncover any weaknesses that may exist in

the device. Employed in the design of this device were the latest
techniques and materials of pyrotechnic delay construction. Experience
and engineering judgment resulted in a design which appears to have

met the requirements imposed. The delay detonator is readily initiated
from the Mk 156 Mod 0O Primer which wil) be used in the AN-M173A1 modified
fuze. It is not known whether the manner in which the primer is used

in the test fixture imposes a penalty on the initiation of the detonator.
It appears to be a penalty when it is compared with the manner in which
1t is used in the fuze.

14. TLe output of the detnnator was determined to be adequate by its
ability to initiate the tev.ryl pellet in the fuze high order. This
was further confirmed in field teste. The engineering tests conducted
on the lot of 184 detonators yielded very little output data because
of an error when the lot of detonators was loaded. The delay
composition and igniter comnposition are loaded at a pressure of

30K psi. The lead azide and RDX are loaded at a pressure of 10K psi.
During the loading of the detonators (184) the lead azide was
inadvertently pressed at 30K psi. This loading pressure is approaching
the "dead press" region for lead azide which can result in low order
initiation. On the other hand, if the lead azide initiates high order,
the detonation velocity and pressure will be greater at the higher
densities; hence, an expected higher dent value. Consequently, the
depth of dents observed in the steel witness blocks varied from no

dent to 26 mils. Properly loaded detonators are known to give dents
approximately 23 mils deep.

15. Wwhile the cengineering tests were in progress, an independent group
in the Laboratory was loading a lot of 3000 detonators for field test-
ing and Laboratory evaluation. The hardware and tooling used were
based on the preliminary drawings generated during the development
program. No problems were encountered in the loading. Uniform delay
times and output values were obtained on samples drawn at random while
this lot of detonators was being fabricated.

16. The drawings and specifications for the detonator are finalized
and are covered in LD-549737 and WS-649]1 respectively. A portion of
the 3000 detonators loaded by NOL was evaluated by an independent
group. It was determined that the detonator was adequate for use in
the modified fuze, that it could be properly retrofitted, and that
the requirements of the drawings and specifications had been met.

17. Some of the engineering tests conducted, such as jolt, jumble,
and 40-foot drop are safety tests. The criteria for passing these
tests are that the 1items shall not initiate or become unsafe to

handle or dispose of. It 1s not required that they function after
these tests. The fact that they did meet the requirements of the test
and functioned properly afterwards, is indicative of the ruggedness of

the design.
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18. Throughout the testing of this detonator (engineering, evaluation,
and field) there was no known case of an instantaneous detonation or

! of a detonator dudding.

CONCLUSIONS

19. A delay detonator, the Mk 97 Mod 0, has been developed and has
met the standard Navy rough handling and surveillance tests normally
app.ied to such itema. It has been demonstrated from laboratory and
field testing, that the detonator is suitable for use in the modified

AN-M173A1 Fuze.
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