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ROCKET LAUNCHER SAFETY AND ARMING DEVICE (MLU-53/B)

Prepared by:
Ralph E. McDowell
Operations Division

ABSTRACT: The Rocket Launcher Safety and Arming Device (S&A),
MLU-53/B, is a ram air turbine actuated safety and arming device which
was developed for use in the ZAP weapon system. The S&A program fell
into four production/test and evaluation phases. Testing in each of
these phases revealed weaknesses which were corrected in the next
production phase, The limited Phase IV (OPEVAL) testing done
indicated that the MLU-53/B S&A device was a workable item. The S&A
has passed all required environmental and safety tests including
1500¢g shock and HERO. The electrical and explosive out-of-line
features of this S&A, combined with the superior environmental
protection it affords the weapon initiating element, make it an
important step toward a safer air launched weapon sys*em.
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Development, Test and Evaluation of the Rocket Launcher Safety and
Arming Device (MLU-53/B)

This report gives a history of the development, test, and evaluation
of the Rocket Launcher Safety and Arming Device, MLU-53/B. The
MLU-53/B was developed as a major safety component of the ZAP weapon
system. All work was performed under AIR TASK A35-532/W1153.

Valuable contributions to this report were made by B. T. Cheeka,
A. M, Corbin, N, L. Demas, S, L. Min, G. W. Peet, J. E. Salmon ard
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INTRODUCTION

1. This report deals with the development of the MLU-53/B Rocket
Launcher Safety and Arming (S&A) Device and its evaluation by the
U. S. Naval Ordnance Laboratory, White Oak (NOL). The MLU-53/B S&A
was developed as a component of the ZAP weapon system., Its function
is to maintain an explosive and electrical out-of-line condition of
the motor initiating element (BBU-7/B Detonstor) until an air speed of
230 * 10 knots is obtained, at which point it arms the weapon. The
S&A also returns to the safe position when a minimum of 195 knots is
reached.

2. The development program and the test and evaluation program of
the MLU-53/B were divided into four phases:

Phase I - Design Models and Tests

Phase II - Englneering Models and Tests

Phase IJI - Technical Evaluation Models and Tests
Phave IV - Operation Evaluation Models and Tests

PHASE I DESIGN CONSIDERATIONS AND CONTRACTOR TESTING

3. The Phase I development of the S&A device was carried out bg
The Marquardt Corporation (TMC) during March, April, and May of 1968,
Design considerations were defined in the Description and Specification
section of Contract N60921-68-C-0205 as listed in Appendix A.

4, The Phase I S&A device (TMC P/N X24450) is shown in Figures 1
through 6. This device was constructed to prove feasibility of the
idea. This was accomplished by fabricating and testing the unit in
the shortest possible time, All parts were completely machined from
raw bar stock and tubing. The primary material was aluminum;
exceptions being the rotor, MDF block, turbine shaft, and certain
standard parts such as bearings, screws, and pins, which were steel,
The four major subassemblies making up the unit were:

a. The turbine assembly which included the turbine and shaft,
the flyweights, bearings, and the rounded nose which contained the
other parts.

b. The rotor-actuator assemdly which consisted of a bar screw
(1inearly actuated by the turbine flyweights to produce a rotation of
the detonator rotor), the detonator rotor, the arming circuit switches,
a spring to provide the force to hold the rotor in the safe position,
and the aft housing (which provided the inside wall of the turbine air
passage in addition to housing the other elements).

¢. The shroud assembly which supported the entire mechranism
and formed the outer wall of the alr passage as well as the mounting
flange.
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d. The MDF block which had gas passages which lined up with
the detonators when the S&A was armed, and also had four convergent-
divergent nozzles to control and limit the turbine air velocity and
hence the turbine speed.

5. Contractor testing of the first two units commenced on
28 April 1968. 1Initial tests consisted of arming the units by simu-
lating air speeds from O to 600 knots at near sea level conditions.
First test runa indicated that the S&A was arming and disarming at air
speeds approximately 60 knots too high. Test unit number one (TU-1)
was modified to lower the actuation air speed by reducing the spring
preload. Subsequent tests revealed that this objective was met. Test
unit number two (TU-2) was modified by increasing the flyweight mass
and modifying the exit nozzle configuration slightly. Tests on unit
number two following modifications also indicated that the objectives
were met (see Table 1). The flyweight and nozzle modifications were
selected for the 20 S&A units for delivery since this could be
accomplished within a shorter period of time. Calibrations on the 20
units indicated a slight additional trimming might be nocessary, but
for lot number one, the calibration was adequate.

6. The two test units were subjected to endurance tests and cold
temperature tests. Endurance testing consisted of operation simu-
lating 450 KIAS at approximately sea level, with a return to zero speed
condition at periods of 20 to 30 minutes. Data taken during the
20-hour life test showed an arm/disarm switch point scatter of about
15 knots. TU-2 was removed from the test cell after 12 hours of test
time for photographs. When the unit was reinstalled, it failed to
switch to the armed condition. Disassembly revealed that at least one
of the bearings in the turbine assembly was contaminated. After a few
minutes, the bearing seemed to function properly again. The unit was
reassembled and returned to test, where it armed normally. However,
after about 15 seconds at 350 knots, it suddenly disarmed. Inspection
of the turbine assembly again indicated contamination.

7. TU-1 was souked at -65°F, and then tested at sea level wind
tunnel conditions. The cold soak resulted in an increase in the
arming speed of about 60 knots. This was considered to be a result of
viscosity changes in the bearing lubricant. Two silicone base lubri-
cants were tested at room temperature and -55°F. Dow-33 silicone
grease showed a shift of only six knots while Dow FS-1292 shifted the
arm point by 30 knots. These lubricants were tested only to determine
the minimum amount of shift that could be expected. A third test was
run using sealed bearings lubricated with light instrument oil. The
test data showed a shift of about 50 knots between 70° and -55°F which
seems to be a normal shift for most lubricants regardless of their
initial viscosity. The test data for various lubricants, shown in
Figure 7, indicate that telgerature will change the initfal arming
point by about 50 knots/100°F. It should be noted that the silicone
base lubricants have a limiting upper speed which for this unit was
15,000 rpm (about 350 knots). Beyond this point, lubricating value
deteriorates rapidly, ard bearing life is in jeopardy.
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PHASE I TEST AND EVALUATION BY NOL

8. Twenty Phase I units were received at NOL in May 19€8.
Table 2 1ists the serial numbers, and the air pressure differential
across the S&A to cause arming and disarming as determined by TMC.

9. Fourteen of these twenty units were subjected to a prelimi-
nary evaluation program as shown in Figure 8. Test descriptions are
given in Appendix B with a summary of results given in Table 3. The
major discrepancies revealed in this test program were:

a. Average of 4O knots difference between NOL's and TMC's arm
and disarm velocity measurements,

b. Rotation of the rotor and loosening of three out of four
of the MDF block mounting screws on on~ unit in high frequency
vibration.

c. Contamination of the turbine ball bearings in salt spray,
and temperature and humidity.

d. Shattering of the arming micro switches in forty-foot
guided drop.

e. Rotation of one rotor in the safety shock test.
f. Loosening of the balance weight during an endurance test.

10. The only discrepancy which caused great concern was the
difference in NOL and TMC data on arming and disarming air speeds.
This problem was attributed to the following items:

a. TMC used the speed of sound at ambient conditions to
compute the air speed in their test cell. Since the speed of sound is
a function of the temperature of the air, its speed would be different
inside the cell where the air temperature is other than ambient.
Assumption of a constant speed of sound would lead to errors in air
speed calculations,

b. Airflow around NOL's simulated launcher inside the wind
tunnel introduced an entrance effect which would require a higher air
speed. TMC's test cell was simply 2 pressure tube the same diameter
as the S&A device, thereby causing no entrance effects.

c. TMC tests were performed at sea level, whereas NOL tests
were conducted at an equivalent altitude of 3,000 feet. At this
altitude, the air speed required to turn the turbine was estimated
from Figure 9 to be 15 knots higher than that required at sea level.
This shift is due to reduced air denrity with increased altitude.

d. It was felt that there was some incompatibility in the
procedure for increasing the test cell/wind tunneli air speeds during
tests. If this were done too rapidly, the siowly responding turbine
would appear to arm at a lcwer speed.

3
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Other discrepancies resulted in design change recommendations as
foliows:

a. A positive stop be provided so that the rotor could not
override,

b. The rotor be fastened more securely to the actuator shaft
to prevent its turning on the shaft and be keyed to the shaft to
prevent misassembly.

c. The micro switches be replaced by a rotary switch to
eliminate breakage in rough handling.

d. The shielded turbine bearings be replaced by sealed
bearings to prevent failuic due to contamination.

PHASE II DESIGN CONSIDERATIONS AND CONTRACTOR TESTING

11. The design of the Phase II S&A device was jinitiated in
April 1968, with a study conducted to establish all specification and
interface requirements not previously defined. As a result of that
study the following design features were incorporated:

a. Sealed rotary switcheec to replace the Phase I micro
switches,

b. An integrated detonator rotor ané MDF block designed to
increase environmental resistance.

¢c. A positive out-of-line feature which physically prevents
the misassembly of the rotor and MDF block.

d. A locking feature to keep the S&A in the safe position
under high acceleration loading in the axial direction.

e, Use of castings, powdered metal parts and extrusions to
minimize the number of parts required and the number of machining
operations.

12. Test Unit 2 was modified to evaluate a new nozzle design
which was made necerzary by an NOL change in aft end requirements.
The new nozzle design changed the circular Phase I nozzles to a
modified rectangular nczzle., Initially, the nczzle areas were the
same as Phase I units, but subsequently, the throat and exit areas
were increased by 20% to provide a reasonable arming speed with a
spring preload of approximately 100 pounds.

13. The Phase II S&A device was designed into three separate
modules to facilitate the manufacturing and fabrication process. Each
module was to be completely interchangeatle and reuseable (see
Fig. 10). These modules were capable of being fabricated in parallel
to reduce total manufacturing time. Significant features of each
module are listed below:
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a. TURBINE ASSEMBLY (see Fig. 11!. Since the Phase I turbine
assembly met the design requirements for the S&A, the only modifi-
cation required was a material substitution. The turbine housing was
changed from a hogout version to a die casting. The bearing retaining
nut was die cast net with the thread and airfoil contour included.

The turbine wheel was investment cast with 431 CRES steel substituted
for aluminum to increase the foreign object ingestion capability of
the blades. Flyweight arms were made of extruded stock to eliminate
contour milling. The turbine balance ring was made as a powdered
metal part which was formed net.

b. ACTUATOR ASSEMBLY (see Fig. 12). The actuator assembly
was designed To cluster TunctlIonally related parts in a common housing.
The housing was die cast to eliminate much of the machining. A gimbal
assembly was designed to support the bar screw nut and eliminate
binding of the bar screw during actuation. All linear actuator
materials were changed from steel to aluminum.

c. DETONATOR ROTOR AND NOZZLE ASSEMBLY (see Fig. 13). A
major redesign was required In the detonator rotor and nozzle assembly
as a result of development testing and added functional requirements.
A rotary switch replaced the micro switches, and the mild detonating
fuze block was relocated to a position coplanar with the aft end of
the assembly. Safe lock and inertial lock features were incorporated
to insure safe handling of the unit. The entire detonator rotor and
rotary switch assemlly was sealed to prevent contamination of switch
parts. The nozzles were configured into the housing die to eliminate
contour milling.

14, Full dzsign release was completed by the end of June 1968.
During July and August 1968, design testing by NOL on the rotor,
detonator, and electrical circuits indicated a severe design inade-
quacy in the rotor assembly and rotary switch elements (see par. 21
for details). As a result, the Phase II program was stopped, except
for six inert units to be delivered to NOL in early September. A
substantial design study effort on alternate design approaches in the
aft end of the S&A was initiated at NOL.

15. Most of the Phase II machined parts had been completed when
the program was halted. Some of the fabrication problems encountered
with the parts were as follows:

a. Tooling problems occurred on machining the flyweight arms,
the ring bearing, and the gimbal ring, and on drilling the hole in the
rotor shart.

b. Difficulty was experienced in holding the close tolerances
called for on the rotor shaft.

c. Difficulty was encountered in retaining the helicoil
inserts in the tapped holes.
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d. The turbine wheel investment casting required considerable
development before blade forms and cast surface conditions were
satisfactory.

16. Magnetic particle inspection indicated cracks in the turbine
wheel hub after final machining and passivation. A sectioned casting
verified that the apparent cracking was initiated by surface porosity
caused by a mold reaction. It was felt that this cracking problem
could have been eliminated by altering the casting process, and by
proper passivation during subsequent operations. However, the
unpredictability of the heat treatment response of 431 CRES made this
alloy undesirable. Therefore, 17-4 PH stainless steel was selected
as a better material for the turbine wheel and the MDF block. Based
on stress safety margins in the design, the 431 CRES turbine wheels
were acceptable for Phase II development use,

17. A 1list of apparent assembly and performance discrepancies and
action items shown in Table 4 was generated following fabrication and
testing of eight units. Six of these units were forwarded to NOL for
further evaluation. Arm and disarm pressures on these six units as
determined by TMC are given in Table 5.

PHASE II TEST AND EVALUATION BY NOL

18. Upon receipt of the six units at NOL in September 1968, they
were subjected to tests according to Figure 1l4. A synopsis of test
results is given in Table 6. All tests are defined in Appendix B.

19. All units were installed in a simulated launcher central tube
and mounted in the NOL number one wind tunnel, Air velocity was
adjusted slowly until arming was indicated by monitoring the detonator
electrical circuit. The air speed was then decreased until disarm
occurred. This test revealed that the six units all armed at air
speeds in excess of those called out in the purchase specification.
Additional operational data were obtained in the captive flight test.
The S&A was mounted in a dummy pod and flown on an F-4 aircraft. The
detonator circuits were monitored with the circuit in Figure 15.
Results are given in Table 7.

20, Major discrepancies revealed in the remainder of the program
were:

a. Switch chatter was indicated during operation on the
vibration table. The switches were monitored on the circuit of
Pigure 16, Deposits of foreign material were found on switch pads
which were covered with solder.

b. The MDF block was dislodged from the S&A on the 40 foot
aft-end-down drop.

c. The bar screw failed during shock testing. It was found
to have been installed improperly, and all units were refitted to
comply with the drawings.
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21. Concurrent with the test program described above, additional
testing on explosive components was performed. It was discovered that
the detonator blast dislodged the detonator lead wires and shattered
the circuit board on the rotor when configured as shown in Figure 13.
From this test, two redesigned rotors evolved, configured as follows:

a. The detonators were rear loaded into first redesign rotor
with the leads exiting through 1/16 inch holes in the front face. A
retaining nut was used to hold the detonator in place. The rotor was
also grooved for a piston ring to throttle gas flow from rear to front
of the rotor and thereby keep the electrical contacts clean.

b. The second redesigned rotor was a split design with the
parting plane located at the detonator base ends. The two pieces were
held together by four #10-32 screws. The detonators were back loaded
into the front section of the rotor through which the leads exited
througn individual holes inclined 60 degrees to the rotor axis. The
printed circuit board was secured to the front face with EPON 933

adhesive and #0-80 screws. No piston ring gas check was incorporated
in this design.

22. One sample of each of the above designs was fired. Redesign
(a) showed bulging of the circuit board due to lead wire motion.
However, the piston seal reduced contamination of the switch parts.
Redesign (b& showed bulging of the circuit board due to gas leakage
around the #10-32 screws, but no lead wire motion was evident.

23. The best features of both designs were incorporated into a
third redesign. This rotor was a one-piece design with detonators
loaded from the rear and secured with a ball-bearing stake. The
electrical leads exited at 45 degrees to the rotor axis. The printed
circuit board was made with 1/16 inch instead of 1/32 inch thick
material and secured to the rotor front face by crimping rotor metal
over its edges. The piston ring seal was also incorporated. Three
aft assemblies were tested with this configuration resulting in
qualified successes. One ear broke off each of two piston rings and
the rotor support bulkheads were deformed conziderably under the
explosive loads. The lead wire insulation was extruded from the lead
wire exit holes and protruded beyond the circuit board in some cases.

24. The rotor design in paragraph 23 was selected as the best
solution to the problem with the following suggested changes to
eliminate its shortcomings.

a. Fillets and radii on the piston ring ears to reduce stress
concentration.

b. Ribs cast integral with the aft housing casting to
reinforce the rotor support bulkhead.

¢c. Electrical insuiation sleeving to which the potting
adhesive around the detonator would adhere more readily.
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25. In late 1968, high contractor costs and low project funds
forced cancellation of the contract for technical evaluation hardware.
It was decided instead that incomplete Phase II hardware remaining at
TMC would be modified as necessary and used to support the Phase III
progran.

PHASE III DESIGN CONSIDERATIONS AND CONTRACTOR TESTING

26. With the reactivation of the S&A program at TMC in mid-October
1968, approximately half of the components in the rotor and nozzle
assembly were obsolete. The rotory switch and rotor assembly were
completely redesigned by NOL to eliminate the switch contamination and
structural problems which had been encountered previously. The leaf
spring electrical contacts were replaced by spring loaded "pogo"
contacts to eliminate switch chatter. The rotor and nozzle housing
and the MDF block castings required significant rework.

27. A limited amount cf testing was done to compare operation of
Phase II and Phase III designs during fabrication. Turbine speed
calibrations with a Phase II nozzle (0.150 inch throat) were run on
both TU-3 and TU-4. Data from these tests are presented in Figures 17,
18, 19, and 20. A turbine speed calibration was also made on TU-4
with a die cast nozzle which had been machined from a 0.150 to 0.175
inch throat width. Test results with this modified nozzle are shown
in Figure 21. This modification was anticipated to be a downstream
method for arm-disarm trimming whether accomplished by a die change or
a broach operation.

28. No significant fabrication or assembly problems were
encountered with the Phase III S&A. Two hardware discrepancies which
existed in the units as delivered to NOL were:

a. On 8ix of the devices(S/N's 2019, 2021, 2024, 2c25, 2027,
and 2030) the bar screw nut was 1.00 inch rether than 0.820 inch
long. Acceptance tests on these units insured that there was no
interference during actuation.

b. A dimensional error in the rotor cavity of all the rotor
and nozzle housing casting required machining such that the gap
between the rotary switch ("pogo") contacts and the printed circuit
board was reduced by 0.007 inch. Shortening of the gap produced an
additional drag on the rotor due to higher contact spring force which
in turn increased the differential between arm and disarm speeds of the
S&A. Although schedule did not permit a recycle of the casting pro-
curement to correct this discrepancy, it was corrected on the dies in
anticipation of the next procurement.

29. All of the 24 S&A's delivered to NOL in Phase III were
subjected to acceptance tests to determine the arm and disamrm
conditionas. Prior to this, 22 of the units had been subjected to the
same test using one Phase II rotor and nozzle assembly for all (the
Phase II nozzle was 20 percent larger than the Phase III nozzle).
Results of these tests are given in Table 8 from which the following
are apparent;
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a. A considerable amount of the differential in actuation
speeds between units was caused by dimensional and sprinﬁ preload
tolerances. Since the data represent the "as fabricated" conditions
with no shimming or component selection to bring performance to the
nominal, the need for shimming to hold spring preload to much closer
limits was indicated.

b. From these data and the turbine speed calibrations
presented in Figuresl6 and 17, it can be shown that the ratio of
flyweight force at arm to flyweight force at disarm was approximately
six percent higher in Phase III units than on Phase II units. Most of
this increase could be attributed to the force required to overcome
the drag between pogo contacts and the printed circuit board.
Mechanical interference in the actuator spring cavity was another
possible source of friction.

PHASE III TEST AND EVALUATION BY NOL

30. No formal technical evaluation hardware was purchased from
TMC. Rather, those Phase II units which had been contracted for
before discontinuing manufacture were modified and redesigned as
necessary and delivered to NOL wlth spare assemblies to facilitate
reuse of devices. Hardware delivered in March and April 1969 incluced:

a. Ten complete inert S&A'=.

b. Fourteen complete live-loaded S&A's.

¢. Thirty live-loaded aft ends (arrived 3 March).
d. Twenty inert aft ends.

e. Thirty live-loaded rotors.

31. A summary of Phase III test results is given in Table 9. All
of the problems exposed in this phase of evaluation were remedied as
discussed below. Because schedules were very tight, the Phase IV
contract was let before Phase III testing was completed. As a result
some design changes were not incorporated in the release package in
time to be reflected in Phase IV hardware. Results of this will be
discussed in later sections. The remainder of this section deals with
that testing which resulted in design changes.

32. On 4 March 1969, four of the used Phase II turbine and
actuator assemblies were coupled with four live-loaded aft ends (item
(c) above) and fired in the laboratory. Loaded MDF lines were coupled
to each detonator for each shot. The MDF lines were cut in half for
economy, with the realization that the firing train was not exactly as
in the all-up system. This test was successful in all respects.

33. Shortly after the above firing tests, two successive failures
of the fourth and last detonator occurred during attempted ripple
firings in field tests at NWC, China Lake, California. A thorough
laboratory investigation revealed several possible reasons for the

)
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failures, but did not pinpoint the problem. It was discovered that the
spline had slipped on the actuator shaft, throwing the rotor out of
line in both cases. On one failure, the powdered metal balance ring
had cracked, allowing the turbine shaft to move. Two design changes
were proposed and incorporated in hardware on hand:

a. A locking device was incorporated on the arming shaft and
rotor spline to eliminate possible out-of-line movement when rockets
were fired.

b. The turbine balance ring was changed from powdered metal
to a stronger machined steel piece.

34, A laboratory investigation was carried out on the ZAP Pressure
Pulse Simulator (used to simulate the ZAP rocket blast pressures on the
S&A). When the armed S&A was exposed to a blast impulse, the rotor
first overrode the armed position, then rebounded and underrode. It
was theorized that blast on the actuator slide caused the override,
and the trapped gasses under the actuator caused the subsequent
underride. To correct this problem, the detonator rotor and MDF block
were modified and fitted with a positive stop in the armed position to
prevent override. Four holes were drilled in the actuator slide to
relieve any trapped gasses. These two alterations eliminated the
rotor movement during rocket firings.

35. Nine inert Phase III units were sent to the wind tunnel to
determine arming and disarming velocities. In every case, arming
velocities were above specification requirements. Disarming velocities
were likewise too high and also out of tolerance. Pressure arming data
from Table 8 correlated reasonably well with the velocity data supplied
by the wind tunnel. The principal reason for the high arming
velocities was found to be the undersized nozzles. All units were
modified to increase the nozzle size from 0.150 inch as delivered to
0.175 inch. A test of 1l corrected units showed that:

a. All units armed within the 230 +20 KIAS at sea level
requirement.

b. Two un:ts disarmed below the 195 KIAS at sea level
requirement.

The two failures were attributea to actuator spring preload errors
caused by tolerance stack-up. A calibration program to insure
uniformity of this preload was recommended to stabilize arm and disarm
velocities in future lots.

36. In July 1369, three S&A units failed to disarm after firing of
detonators and SMDC end caps. A slight torque applied to one unit
caused it to disarm. Another disarmed when the indicator plate was
tapped lightly. Examination of these three units plus two others
which had not malfunctioned revealed several possible causes of the
malfunction.
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a. Eruption of the MDF block from a section of the inertial
lock slot near the number four SMDC and cap caused drag on the rotor
(see Fig. 22).

b. Contamination of the rotor seal ring by carbonaceous
combustion by-products caused severe rotor drag.

¢c. Embossing of the thrust face in a cast rotor housing by
a counterbore in the rotor thrust face caused rough bearing surfaces
which tend to hang up (see Fig. 23).

37. Problem (a) was solved by milling away the portion of the
inertial lock slot in the MDF block which erupted upon firing. This
was possible, as the lock functicned on the other end of the slot.
Problem (c) was solved temporarily by milling away a portion of the
rotor housing thrust face and inserting a steel washer between the
thrust surfaces to prevent the embossing process in the casting.
Problem (b) proved a bit more difficult to remedy. At first, it was
hoped that the seal ring could be omitted from the assembly. However,
field tests showed metal particles lazrge enough to short two
detonators together were present in the switch cavity after firing
one detonator. Hence, a new, fiber (kulon "J") seal ring was obtained
(shown in Fig. 24). This ring was shaped so that detonator/MDF line
combusticn pressures caused it to seal. After the gas pressure was
relieved, the ring exerted very little force against the casting wall,
allowing the rotor to turn freely. All of these fixes proved adequate
in subsequent field testing.

38. A8 reuse of turbine and actuator assemblies was attempted, it
became evident that contamination of the bearings was still a problem.
Turbine bearings which had been exposed to rocket exhaust blast and
then allowed to sit idle for a time rusted and seized or became rough.
Units so affected could not be used in further tests without refur-
bishing due to their unreliable operating characteristics. Refurbish-
ing amounted to replacing the two main turbine bearings and the
actuator bearing and lubricating and freeing the flyweight bearings
as necessary. After these steps were taken, the turbine assemblies
worked as well as new.

39. With the realization that extensive reuse could not be made
of the S&A's, the entire test and evaluation progrem was thoroughly
reviewed. It was decided that unused S&A's were needed for system
flight tests as long as they were available. Therefore, all S&A's
were committed to support of system and safety tests for the remainder
of the program, the laboratory component program being cancelled.

40. As the field test program proceeded at NWC, China Lake, and
NATC, Patuxent River, more failures of the S&A to disarm occurred.
In mid-October 1969, S&A S/N 2030. which had failed to disarm after
three successive missions at NWC, China Lake, was returned to NOL in
the armed condition. The unit had been thoroughly examined at NWC,
China Lake, and had been given an operational check on the ground
before each mission and worked properly each time. Upon disassembdbly
at NOL, the actuator was found to be jammed. An attempt to
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disassemble the actuator caused it to return to the safe position.
Further examination revealed that the actuator failure resulted from
deposition of plume debris in the actuator slide and bar screw area.
Since this unit had been used to fire 16 rockets, cumulative degra-
dation was thought to be a factor. Following this episode, two other
S&A's failed in the same mode. This was interpreted as additional
proof that the S&A as dcsigned was a one-use item only.

41, Fairing fragments presented a problem late in this phase of
the program. Although the turbine could "digest" any fairing
fragments which reached it, some fragments jammed the S&A intake port
and cut off the air supply. This condition was not considered to be a
failure of the S&A, although it could prevent firing of any but the
first rocket, as the S&A would disarm when air was severely reduced, A
conical "screen" was placed over the air intake port on the pod to
prevent fairing fragments from reaching the S&A.

42, Figure 25 shows the S&A mode indicator. The disk rotates
45 degrees with the rotor so that the slot exposes either a red
background or a green background to indicate armed or safe mode
respectively. After firing a rocket, the background was found to be
burned too badly to be read. The problems encountered with this
indicator prompted the suggestion from NWEF, Albuquerque, New Mexico,
that a safe/arm indicator be devised th~t could be seen from the
exterior of the pod and would not be damaged by the rocket blast.
However, in view of the disarm problems encountered during field tests,
there was reluctance to "hanging" an indicator fix on the S&A that
could decrease the available disarm-return force. It was thought that
any "qrick fix" would create more problems than it would solve and
only a .ong range solution was considered practical.

43, Since the S&A is a major safety component in the ZAP weapon
system, it was subject to close scrutiny. System safety tests
conducted by NWL, Dahlgren, Virginia, showed that the S&A was an
effective safety device against both mechanical and radio frequency
hazards. A full discussion of these tests is given in reference (a).

PHASE IV DESIGN CONSIDERATIORS, TEST AND EVALUATION

LY, The hardware manufactured for Phase IV was substantially the
same as that used in Phase III with changes in detail. A list of
design changes which were to be included is given in Table 10. Since
the units were contracted for before all of these changes could be
documented, items (f) and (1) were not in the hardware as manufactured.

45, TMC reported several points of difficulty in building the
Phase IV units, Among them were:

a. Inability to hold the turbine tip clearance in the turbine

housing. Failure to hold this clearance resulted in an increase in
arming speed.

12
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b. Difficulty in obtaining the correct lubricant and radial
clzarance in the turbine ball bearings. Use of incorrect bearings
would cause erratic turbine behavior.

¢. Inability to obtain the five inch-ounce balance requirement
on the turbine without increasing the size of the balancing hole out of
tolerance.

d. Tendency of the "pogo" switch contacts to "plow" into the
printed circuit material causing excessive drag on the rotor.

46. As part of the production requirement, TMC ran arm/disarm
calibrations on all units. These data are presented in graphic form
in Figure 26. Flotting the tolerance 1limits on Figure 26, one finds
that all units disarm within the minimum 1imit. However, only about
one half of the units meet the arming requirement.

k7. In 1969, 126 complete S&A units were delivered to NOL. These
units were put through the arm/disarm calibration on the NOL test set.
Data from these calibrations are given in Figure 27. Comparison of
Figure 27 and Figure 26 reveals a significant shift downward in arming
speeds and a redistribution of disarming speeds, According to these
results ma:ny more units were within the arming tolerance band, with
about one half the units dropping below the minimum disarm point.
This indicates a significant difference in either the methods or
equipment used by TMC and NOL.

48, After the incoming calibration by NOL, all units were modified
to reflect design changes (f) and (1) of Table 10. Item (1) was
accomplished by removing the steel seal ring and replacing it with a
Rulon "J" ring (Fig. 24). Item (f) required milling the surface of the
rotor housing thrust face and inserting a steel washer around the
rotor shaft to replace the removed material. A retest of all units was
performed following modification. Results of the recalibration are
given in Figure 28, A further shift downward in the arming speed was
apparent from these tests. The disarm speed shifted downward
8lightly, but was almost the same as shown by the data in Figure 27.

49, Thirteen of the units were tested in accordance with
reference (a), Figure 2 as shown in Figure 29 of this document. The
high impact test was omitted, as the combined weight of the S&A and
test fixture exceeded the capacity of the test mach‘ne. Units used in
shock safety and jolt tests showed no degradation, except that the lugs
on the units used in shock safety were cracked and broken. This was
not considered a serious fallure, as the test fixture was rigid while
the actual mounting bracket will flex. The s8ix units put through the
environmental sequence were tested for arm/disarm points and d<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>