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ABSTRACT

The werk described in this report was performed in compliance with Contract
F08635-67-C-0051 and subsequent Modifications P00l through P000139. All
phases of a complete development program were carried out with a goal of
developing a safe and reliable long delay fuze that is compatible with
available subsonic and supersonic delivery systems. The final result of
this development program was a long delay (1.0 hour to 199 hour) bomb fuze
compatible with retarded or non-retarded bomb systems in either nose or
tail fuze well installations. Air Force test and evaluaticn of the final
FMU-63/B fuzes revealed a functional reliability far below the desired
value. The FMU-63/B fuze was not approved for pilot production and this
development program was terminated. Final test results will be reported

" in a separate Armament Development and Test Center technical report.
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this report documents test and evaluation; distribution
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this document must be. referred to the Air Force Armament
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detonators in the explosive-train assembly, and four units contained
activated AD circuitry. The first phase of the evaluation program was
conducted, with the following results:

e The overall circuitry showed stable performance over the environ-
ments tested.

e Voltage regulation was within specification at all times,

e The timing components (other than the E-cell) low-voltage self-
destruct, and output circuit functioned properly.

e The O-ring seal configuration had no detectable water leakage
after 120 hours at 50 feet of equivalent pressure,

In December 1967, evaluation of the 20 Configuration III fuzes was con-
tinued through high-impact tests. Of four units subjected to the high-
impact test, two performed satisfactorily, one was damaged because the
dummy booster had been omitted, and one failed to initiate. In the unit
that failed to initiate, the gas generator on the battery had not functioned
and was found to have ammonia in it, The impulse in these tests con-
sisted of (1) air-gun velocity shock of approximately 900 fps with the
battery firing device forward (simulating nose-well installation), (2) free-
flight and sabot impact into a wall of hay bales, and (3) backup impact into

loose sand. The results of this evaluation are summarized in Table I,

The four impact-tested units were rebuilt and subjected to jolt-and-jumble
evaluation with satisfactory results. The E-cells of the remaining 16 Con-
figuration 11l units were replated and the units submitted to electronics
retesting. Only one of four passed the -65°F. run, and only one of four
passed the room-temperature test after 21 hours of thermal shock. No
units were completely satisfactory at room temperature or +165°F. Pre-
liminary failure analysis revealed critical defects, and a study was under-
taken which would correct the deficiencies. As a result of the study initiated
in September 1967, Configuration IV was proposed, and Configuration III
was discontinued, The jolt-and-jumble evaluation and electronic retests

are summarized in Table II,
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TABLE 1.

EVALUATION OF 20 CONFIGURATION III FUZES

or | s TYPL OF TEST(S) TCST RESULTS CotmenTs
v s - o SR
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A 1 SAFING SWITCH, S/N 3 AND 4, “KICKED OUT" ON | E-CRLLS MAVE BEE?,
2 FUNCTION AT ROOM ACCIDENTAL DROP PRIOR TO TEST, ALL UNITS | PEPLATEDFGR ¢ LA TIONAL
3 TEMPERATUR( WENT GREATER THAN 10 DAYS TO LVSD, j RE ”.S'T OF THE FLZ2E ELEC-
3 TRONICS,
A | sl |
mmmmmwm i |
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11 . PERF ORME D NORMALL Y THE FUZE ELECTRONICS,
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F -
¥ B8 ARSI MMM | i e oosucac caco
¥ L W Y
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19 S/N19 -LVSD > 150 hR THE FUZE ELECTRONICS,
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RETEST OF 20 CONFIGURATION III FMU-63/B FUZES
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shutter circuits and is applied to the firing circuit which contains the
normal timer (NT), back up timer (BUT), antitamper (AT), anti-
disturbance (AD), low-voltage self destruct (LVSD), and event delay
circuits. A signal from any of the event sources will trigger the event

function. The event functions are triggered in the following manner:

(a) Normal Timer (NT) = The decade and unit timers function in
sequence, Wwhen the coulometric-time-base components have
transferred all of their plating material, the increased resistance
of the component causes a transistor to switch on, thereby pro-
viding voltage to the next link, When the unit timer has been
depleted, its transistor delivers the voltage to the firing SCR
which triggers the event delay.

(b) Antitamper (AT) — This feature causes an event signal to be
delivered to the [.VSD SCR if either of the originally selected dial
settings is tampered with after arming. The switches, being non-
shorting types, cause a pulse signal to be generated in the AT
circuit, which will gate on a transistor which, in turn, energizes
the 1.VSD SCR.

(c) Antidisturbance (AD) = This feature utilizes a detented ball
switch which is sensitive to rotational disturbance of the fuze,
It is a normally open switch regardless of attitude, but will deliver
a momentary closure when disturbed, This feature, enabled only
after completion of arming, gates the firing SCR and event delay
when the closure (fuze or fuze and bomb disturbance) occurs,

(d) Backup Timer (BUT) - This is a coulometric, fixed-time unit

(10 days nominal) which is energized after power sequence switching,

It is basically a clean-up feature which will event the fuze through
the normal-firing SCR if it is capable of being evented,

(e) Low=-Voltage Self-Destruct (LLVSD) = This feature is included to
provide an event signal in case the internal power supply is degen-
erating prior to normal event time, It is designed to function
slightly above the minimum voltage required for the final eventing
sequence, thereby eliminating the possibility of a dud caused by a
failure in the power supply.
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of this hazard occurring is estimated at 2,0 x 10-2.

e There also exists a potential problem that is related to an event
‘\ during a broach or ricochet due to a defective In-Line Arming -6
| Timer. The probability of this hazard is estimated at 1.2x10 .

e RELIABILITY ALLOCATION AND PREDICTION

An allocation was made early in the program. A reliability prediction was
prepared in accordance with the procedures outlined in RADC Reliability
Notebook, Volume II (prepared for RADC by Hughes Aircraft Company under
Contract No. AF30(602)-4072). In instances where the RADC Reliability
Notebook, Volume Il,gave no failure rate data on a component, vendor or
Honeywell data was used. Due to lack of adequate data, the prediction did

not consider performance degradation prior to battery initiation.

D. RELIABILITY ASSESSMENT

Quantitative reliability progress was monitored by assessing the achieved
reliability during the contract; however, no formal documentation was

generated,
E. CIRCUIT ANALYSIS

A computer aided circuit analysis was conducted to insure that the fuze
would function as intended for variations in part parameters over the

temperature range,
F. PARTS RELIABILITY PROGRAM

Reliability assurance for parts included critical performance and environ-
mental requirements (e, g., survivability through impact) to assure
compatibility with fuze requirements. Part drawings were drafted by «

project group composed of parts-assurance engineers, the design engineer,

the quality engineer, the production engineer, and the reliability engineer,
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Fuze Assembly
OEXM
15534 30 Aug 66 20 FMU-63 /B Fuzes (Configuration I) 72 hours .

16733

18908

21607

Fuze design was basically a modified FMU-35/B. All twenty

fuzes satisfactorily passed the acceptance tests before, during, .
and after the environmental tests, Three out of fourteen failed

to come within + 5 percent of the set times, Battery voltage of

the three fuzes tested remained above 9,0V during 72 hours of

operation, (See Table II-1.)

28 Feb 68 20 FMU-63/B Fuzes (Configuration III)

Fuze design used FMU=-35/B S&A with new electronics packaging.
Fuzes were subjected to matrix of environmental exposures and
functioned at -65, room and +160° F. The arming section and
initial delay circuits functioned properly throughout the program.
Misassembly of timing cells in the delay timer caused no-test

of that portion of the program.

31 Dec 68 2 Structural Test Models of Configuration V

Simulated Fuze Configuration models were subjected to static
and dynamic tests (¢’ gun sabot into sand target at 875 fps).
Calculations showed static strength to levels in excess of 10,000

times the supported weight,

2 Feb 70 27 Engineering Test Model Fuzes
(X68F5638 Rev, E)

Fuze design contained new hardened S&A concept and updated

modular electronics housing. The fuzes were divided into 7

groups of 4 fuzes each (lot 1 had only 3 following delivery of 1

model to AFATL from the 28 models built) and subjected to a

series of exposures before initiation.

- - e







Group 1

Group 2

Group 3

Group 4

Group 5

Acoustic Noise (MIL-STD-810B method 505 Category B) pr
Transportation Vibration (MIL-STD-331, Test 104)

Aircraft Vibration (MIL-STD-810B Curve J 514, 2)

Retarder Shock Simulator after initiation

Air Gun at 200 fps into sand

Timeout at Room Temperature v

Transportation Vibration at +160°F

Aircraft Vibration at 160°F

High Temperature Storage; 2t days at +160°F to +90°F Cycle
Thermal Shock

Air Gun at 800 fps into soft catch at +160°F

Timeout at +160 to +90° cyclic temperature

Battery life at +160 to +90 cyclic temperature

Transportation Vibration at -65°F

Aircraft Vibration at -65°F

Temperature - Humidity: 28 days

Thermal shock

Air Gun at 800 fps into soft catch at -65°F
Timeout at -65°F for first 80 hours, then to -40°F
Battery Life at -40°F

Transportation Vibration at room temperature

Aircraft Vibration at room temperature
Temperature - Humidity: 14 days ‘
Thermal Shock ‘
Air Gun at 800 fps into sand catch at ambient temperature

Timeout under 25 psig water pressure

Battery life at room temperature

Transportation Vibration at room temperature

Aircraft Vibration at room temperature

Thermal shock

Missile pull-off simulation

Air Gun at 800 fps into soft catch at ambient temperature

Battery life at room temperature
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10,

11,
12,

22431

Group ST-1

Inadequate soldering methods caused two failures.

One firing actuator failed due to excessive high g mechanical
shock.

Structural failure of battery sleeve caused seal failures.

A number of other reported failures which could not be
verified in subsequent failure analysis.

A failure analysis report with dispositions was issued by Design Engineering.

Oct 70 24 Service Test Model Fuzes

(X69F 5639 Rev, E)

(X69F5638 Rev, G)
Fuze design was basically the final mechanical and electrical
configuration, The twenty-four fuzes were divided into six
groups of 4 fuzes each, The first four units were tested and
found to have a major workmanship failure on the Number 5
Printed Wiring Board. All subsequent units were revised to

correct the fault,

The second group tested was the High Temperature series in
which known defects had been identified. These fuzes were
tested in such a manner that the defects would not affect the
results; however, secondary effects were found that caused
test results to be abnormal, The third group tested was
assembled from good subassembly sections and subjected to
acceptance test prior to delivery of units to the Air Force.
Test results were satisfactory with the exception of a random
workmanship failure which had been improperly inspected in
the test equipment, The remaining three groups of fuzes were
subsequently tested following specific serial environmental

exposures:

Thermal Shock
12 Hour Transportation Vibration
9 Hour Aircraft Vibration

64
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TABLE 1I-2. LOT TEST RESULTS

INITIATION EVENT
GROUP FUZE TEMPERATURE DATE SET TIME DATE ACTUAL TIME
[ 1 AMBIENT 6/23 24 6/24 23:52
2 AMBIENT 6/23 24 6/24 24:01
3 160° 6/23 192 7/1 189:12
4 160° 6/23 192 7/1 190:10
n 5 AMBIENT 6/30 171 7/7 171:12
6 AMBIENT 6/30 172 7/7 158:34
7 -65° 6/30 a1 7/2 42:03
8 -65° 6/30 18 7/1 DNE*
" g AMBIENT 7/7 23 7/8 23:01
10 AMBIENT 7/7 23 7/8 23:02
e

DNE* DID NOT EVENT DUE TO EXPLOSIVE

SWITCH QUALITY FAILURE.

U

AIR GUN

TIME-QUT (2 AMBIENT)

GROUP | AIRCRAFT VIBRATION GROUP I THERMAL SHOCK |
TRANSPORTATION VIBRATION AIRCRAFT VIBRATION
AIR GUN WATERPROOF AT 15 PSI
TIME-OUT (2 AMBIENT) AIR GUN
(2 + 160°P TIME-QUT (2 UNDERWATER)
(2 -65"P
GROUP 1Nl ROUGH HANDLING
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A .

OEXM

24506

OEXM
24531

Containers

X69D4742

Testing was accomplished at -80°F, room temperature,
and +160°F to evaluate the integrity of the proposed solder
installation of the window into the container in place of the
braze evaluated on OEXM 23818. Test was satisfactory.

17 Fuze Assemblies

X68F6675

A modified hazard test was accomplished per TO11A-1-47,
using 15 of the 17 fuzes provided by the contract. No hazards

were detected for fuzes evented in the ammunition box.

2. Subassemblies (Electronics Modules)

OEXM
16735

19633

24 Oct 67 110 Timing Circuit Modules
#28002386

Data gathered on potted modules (Configuration III) using
different components for performance evaluation over ex-
treme temperature range and extreme battery voltage. E-cell
timeouts (12-hour and 120-hour) showed 0 to -5. 5 percent
accuracy on 41 units tested over the exireme temperature
range with six no-test and two electrical component failures.
Voltage regulator load test showed 21-millivolt output drop
at 60uA load over temperature extremes. The low-voltage-
self-destruct voltage is normally approximately 6.2 V at
room temperature; this decreased to 6.0 or less at +160°F
and increased to 6.4 or above at -65°F. Noise on B+ power

supply increased LVSD by 0.1 volt.

20 Feb 70 46 Timing Circuit Modules
#28100077

Modules consisting of the proposed fuze voltage regulator, and
LVSD circuits, in addition to gathering data on module per-
formance over the extreme temperature range, were run out

with E-cells attached. With the exception of a number of
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LLVVSD decreases approximately 0.6V from maximum at -55°C
to +72°C,
-55°C Room  +72°C

Maximum recorded 1.VSD 6,99 6,78 6.63
Mediam point 1.VSD 6. 83 6. 59 6.38
Minimum recorded [.VSD 6,57 6,40 6,24

3 reference transistors (63A11572) broke down during test,

2 PNP transistors faulty.

F.-cell Performance

Units within Spec/Units Tested

=-55%C Room +72°C

6 Minutes 3/3 3/3 3/3 Gibbs
40 Minutes 4/5 3/4 5/5 Gibbs
10 Hours 4/5 4/4 6/6 BB
12 Hours 2/5 - 0/2 Gibbs
180 Hours 4/4 3/4 5/5 BB
22446 17 June 70 77 Initiation Modules

Test to evaluate temperature and voltage level effects on
calibrated times for high-g and low-g operation and pre-impact
timer., Nominal times and sigma (10, 5V B+) were:

-55°C Room +T72°(

Pre-Impact Timer (sec) 2,48 (. 11) 2.27 (.08) 2,25 (,06)

High-g (millisec) 4,50 (.15) 4,05 (.13) 3.84 (.09
Low-g (millisec) 22,5 (0.7 18,4 (0.2) 16,7 (0.2)

Battery voltage increase from 9,5V to 11,5V:

Decreased PIT times less than 2 percent
Changed High-g times less than +8 percent

Changed l.ow-g times less than :—1 percent
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ETR 980

OEXM

18054

18904

21641

’

Compatibility of PBXN-5 with BF Goodrich A1177B,
PBXN-5 decomposed at 268°C, No degradation.

Inertial Switches

9 Mar 68 12 Impact Sensors (4 each of 3 types)
Random noise, centrifuge, and shock tests were conducted to
gather performance data on standard and modified switches
based on production model MK128 and FMU-26/B type switches
plus modified FMU-26/B switches with special end cap to in-
crease sensitivity, Modified switch proved equal to MK128
with omnidirectional capability,
10 Feb 69 22 Impact Switches of each of Two Types -
IL.ow g and High g
Low g sensitivity was minimum of 90 g's and high g was mini-
mum of 900 g's with excessive tolerance, All switches showed
capability of not closing under 15-g random vibration level, or
20-g sine wave to 2000 cps, Data gathered on impact response
at low level and 40-foot level drop testing showed low-g switch

closed maximum of 10 msec,

20 Oct 69 97 Inertial Switches X68A5365

Data was gathered on switch sensitivities in all three axis to
check for uniformity of performance as well as establish nomi-
nal sensitivity of the designs of both high-g and low-g config-
urations, Data scatter was excessive, and visual inspection
revealed dimensional control of assemblies exceeded drawing
limits, Longitudinal axis sensitivity exceeded lateral sensi-
tivity in excess of 30 percent and nominal sensitivities were
180 g's and 670 g's,

16 Jan 70 53 Inertial Switches, X68A5365

Data was gathered on switches assembled in production area
using redesign and improved fixturing from OEXM 21180, above,
Sensitivity data was gathered per random vibration, mechanical
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t

satisfactory performance in tower tests to the structural limit
of the firing pin,

Improved BFD

Tests were conducted on a concept model sensor and develop-
ment models of the BFD configuration proposed to prevent BFD
firing during accidental release test (Honeywell drawing
28105054). Two development models were shock tower tested
in a manner to pull the lanyard during impact. TER ejection
and BFD firing was accomplished on one unit installed in the
bomb in a laboratory test. All tests were satisfactory. A simi-
lar test was accomplished on two of the twelve field evaluation
units built for shipment to the sponsor. Field evaluation will
be reported by the sponsor.

Y. Battery

OEXM

16717

29 June 67 164 Liquid Ammonia Batteries
FMU-35/B Type X67A11572

Group 1 Initial Qualification Test on 50 Batteries exposed to
matrix of High Temperature, Thermal Shock,
Temperature-Humidity, and Transportation Vibra-
tion requirements. Initiated and tested at +160°F
and -65°F, Internal impedance was measured each
24 hours. Temperature extremes shorten battery
life up to 50 percent and temperature and humidity
reduces life approximately 20 percent (with 5K-ohm
load).

Group 2 Initiated at +160°F and -65°F. 7-1/2-ohm load

added and life test run at room temperature or -55°F.

Room temperature batteries had longer life by

approximately 200 per cent.
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22308

Shock, (See post-mortem analysis Report ETR 5047 =
Broken RTV bonds and KM-16 seal,)

13 July 70 21 Liquid Ammonia Batteries,

Test to obtain battery life with 2K and 4K ohm resistive load at
temperature extremes and following Temperature- Humidity.
All batteries with 4K load (13) exceeded 270 hours to 7.0 volts,
Batteries with 2K ohm (8) exceeded 90 hours to 6. 0 volts, Out-
put noise was less than specified maximum,

. Switches

OEXM

20172

21 Jan 69 3 Switches Types
Data gathering to test ability of purchased switches to meet the
requirement of X67D9102, Three-ball switches most sensitive

with 6 or more closures per revolution at most angles of tilt,

26 Aug 69 37 A.D. Switches = X67D9102
Three of the switches were screened out as not meeting the 8
closure/360° requirement of the drawing.

9. Selector Switches

OEXM

21144

22117

4 May 70 60 Selector Switches - X67A8928

The switch demonstrated capability of meeting all the qualifica-
tion requirements of the specification., One switch of 30 tested
showed a shorted condition following water seal test, which
caused slightly excessive initial torque in subsequent low temper-
ature test, but which disappeared following later vibration test,
Two switches changed one position as a result of the high-g
mechanical shock in the air gun,

31 Mar 70 325 Selector Switches - (X68A6694-2)
Presents qualification test data on switches evaluated for use in
the FMU=-81/B, Testing is equivalent to X67A8928 requirement
for switches in the FMU-63/B; therefore, this report is the
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13. Zener Diodes

OEXM
21678

17 Mar 70 241 Zener Diodes - X69A4563

241 diodes manufactured by Continental Device Corporation met
all portions of the qualification specification except for the
high-g mechanical shock. A lower level shock proved satis-
factory on 53 diodes from various sources, including Control
Data Corporation, Motorola, TRW, and Dickson,

1 May 70 24 Zener Diodes - X6TA8695
Diodes manufactured by Motorola demonstrated ubility to
meet the requirements of the specification, except for mechani-

cal shock which was not accomplished,

14, Transistors

OEXM

22420

15.

2 June 70 48 JFE Transistors - X67A8690

All of the samples submitted by Siliconix (6935) met the
electrical post potting, thermal shock and vibration require-
ments of the specification, Mechanical shock test was not

accomplished,

Electrochemical Timers

OEXM
18140
18225

Bissett and Berman Cells - LLow Temper-

ature - High Current Tests (to 360 uLA),
Qualification testing of 960 uA hour capacity cells manufactured
by Bissett and Berman (S160 11/68). With the exception of one
cell tested at 60 uA and -55°C, which was found to have an
entrapped air bubble, all cells timed out within 1 percent of
the allowed limits, Storage test of six months at +71°C on bare
anode units with diode shunts showed 30-second minimum time-
out at 180 uA.
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