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FOREWORD

This report describes the 1988 Quaiity Evaluation (QE) Program for the Underseat Rocket Motor (USRM)
Mk 92 Mod 0. This evaluation was conducted by the Naval Ordnance Station, Indlan Head, MD, for the Naval Air
Systems Command, Washington, DC, under work assignment 001741/SEE-011.24. .
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EXECUTIVE SUMMARY

1988 Underseat Rocket Motor Mark 92 Mod 0 Quality Evaluation

Purpose:

The purpose of this evaluation was to determine the safety and reliability of the Underseat Rocket Motor (USRM)
Mk 92 Mod 0 and to determine the feasibility of a service life extension.

Test Procedure:

Eight USRMs were visually inspected, radiographically examined, temperature conditloned to either ~40 or
160 °F (—40 or 71 °C), and static-fired to measure ballistic performance. After static-firing, the motors were inspected
and evaluated for marginality of success.

Resuits:

The prefiring visual inspection revealed several external defects—broken lockwires, missing nozzle caps,
scratched paint, and tom labeling. Radlographic examinations showed that all motors were correctly assembled.
Ballistic performance at temperatures of —40 and 160 °F (=40 and 71 °C) was within production specifications
for all motors tested. No defects were detected by postfiring marginality of success Inspections.

Conclusions:

Based on the resuits of this quality evaluation, it was concluded that:
(1) The minimum predicted life is 168 months.
(2) The most probable life is 180 months.

(3) The current service life should be maintained at 168 months from the date of propellant manufacture
because of the Inconsistent trends for initlation pressure.

(4) No mgjor problem areas were identified.
(5) A quality evaluation of fleet-returned units shouid be conducted during FY 91.
(6) No problems requiring rapid action were identified.

() The performance of the Underseat Rocket Motor Mark 92 Mod 0 is exhiblting only minor variations
in performance with age and all units are predicted to continue to perform at acceptabie levels through
168 months from the date of propellant manutacture. The high variabliity of the initiation pressure
In units which use Duralac on the shear pin as a corrosion Inhibitor will no longer affect the fleet
inventory since all Duralac units were removed from the fleet in April 1984.

Recommendations:

Based on the resuits of this evaiuation, it is recommended that the service life of the USRM Mk 92 Mod 0
be maintalned at 168 months from the date of propellant manufacture.
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INTRODUCTION

Design and Operation:

The Underseat Rocket Motor (USRM) Mk 92 Mod 0 (Figure 1) is used In the Martin Baker-produced alrcrew
escape system installed in the Navy F-4 and RF-4 series aircraft. The rocket motor provides the thrust necessary
to propel the man-seat comblnation after the ejection gun operatlon to a safe parachute deployment altitude, even
in 2ero-speed, zero-altitude ejections. This system Is required to operate over a temperature range of ~40to 160 °F
(—40 to 71 °C). The specification limits are as follows:

Parameter Minimum Maximum

Maximum thrust [ibf (N)) 3,700 (16,458) 6,900 (30,693)

Impuise [ibf-s (N-8)] 1,160 (5,160) 1,390 (6,183)

Action time (ms) 220 475

Ignition delay (ms) — 25

Initiation pressure [psig (MPa)] 400 (2.758) 600 (4.137) rr

PROPELLANT TUBE
PROPELLANT

CENTER BODY

ADJUSTING ARM .
FIGURE 1. ROCKET MOTOR MARK 92 MOD 0

The major components of the motor are 16 steel propellant tubes of varying lengths, a center body with 8
nozzles, and the hardware necessary for attachment to the ejection seat. The center body is machined Internally
to form a plenum chamber to recelve hot gasses from the piopeilant tubes and direct them to the nozzies. Each
propeilant tube contains a cylindrical, extruded, double-base propeliant grain with three equally spaced external

ribs for support.
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Background:

This was the seventh quality evaluation (QE) performed on the Mk 92 Mod 0 USRM. Previous evaluations
were performed in 1977, 1979, 1980, 1982, 1984, and 1986. In this analysis only Mk 92 data were used, whereas
In previous analyses the Mk 51 data were included. The Mk 51 Mod 0 USRM Is identical to the Mk 92 Mod O In
all respects except for the firing mechanism. The Mk 92 uses a gas-actuated, gas-powered firing pin, whereas
the Mk 51 uses a mechanically actuated, spring-powered firing pin. Units were conditioned at —40 and 160 °F
(—40 and 71 °C). Tests performed In 1984 and 1986 also conditioned units at 70 °F (21 °C).




TEST PROCEDURES
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A sampie of eight Mk 92 Mod 0 USRMs were visually inspected and radiographically examined in accordance
with MIL-A-85097B to determine if any defects were present. These units were then temperature conditioned for
a minimum of 12 hours and static-fired to measure their performance. After firing, the units were subjected to an
extemnal visual inspection and a marginality of success (MOS) evaluation. Lot numbey, serial number, age and firing

temperature are presented in Table I.

TABLE I|. TEST SAMPLE

Lot Na. Tost motor Age fired Conditioning temperature

serial No. (mo) [°F ¢CC)]

R-108 13167 157 ~40 (~40)

R-108 13208 157 ~40 (~40)

R-108 13218 157 160 (71)

R-108 13378 157 160 (71)

R-118 14080 146 160 (71)

R-118 14107 146 ~40 (~40)

R-118 14284 6 160 (71)

R-118 14362 146 ~40 (~40)
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TEST RESULTS

Visual inspection:
Visual ingpection of the rocket motors determined that all eight of the units had been instalied in aircraft. The

units exhibited minor defects such as scratched paint, broken lockwires, missing mounting boits, missing initiator

caps, missing nozzle caps, and torn iabeiing. None of the defects would have affected the operation of the rocket
motor.

Radlographic:

The radiographic examination of all the units reveaied no interai defects. Aii motor components were present
and had been correctly instalied.

Ballistic:

Alli eight rocket motors met the baliistic requirements of MiL-A-85097/8B. The ballistic results for this and past
QE programs are presented in Appendix A. The thrust-time plots from the static-firings are presented in Appendix B.

Postfiring Inspection:

A postfiring inspection and MOS evaiuation was conducted on ali eight static-fired rocket motors. The cartridges
and ali propellant tubes were removed from each motor. The igniter cartridge primer penetration minimum of .015
inch (G038 cm) was exceeded in all cases. No defects or evidence of marginal performance was found on any motors.
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DATA ANALYSIS

Contidence and tolerance limits:

Two major sets of statistics were computed. The first set Is based on sarnple statistics and it applies to units
covering the entire age span of the popuiation. We used an effective degrees of ireedom and total standard deviation
where there were significant differences between lots or programs. Confidence and tolerance limits based on sample
statistics are given in Table Il. The second major set of statistics is based on aging trends; it gives estimated
performance values at 228 and 252 months. These statistics were computed from the aging trends using n, the
total number of observations used in performing the regression analysis; ', the effective number of observations
atthe specified age; y, the estimated mean at this point, and s, the standard error for the regression. Limits based
on the aging trends are given in Table lll. Ninety percent confidence limits were computed on the population at
the 90% confidence level.

At -40 °F the lower confidence limits for Initiation pressure based on the combined quality evaluations and
at 228 and 252 months of age exceeded the upper specification limit. This means that we are 95% confident that
more than 50% of the propellant will fail. Further, at 70 and 160 °F, the means for initiation pressure ar 228 and
252 months of age exceeded the upper specification limit, also indicating that more than 50% of the population
will fail.

The only tolerance limits to exceed the upper limits were those for Initiation pressure.

Estimated Percentage Defective Statistics:

The estimated percentage defective (EPN) statistic gives the percentage of units In the population expected
to fail a given specification limit. The Py5 and Pgs values represent the lower and upper confidence limits
respectively on the true percentage defective. All EPD statistics for cases where P o exceeded 3.0 are given In
Tabie {V. The EPD statistics Indicated an extremely high failure rate (up to 95.7%) for initiation pressure,

Reliability:

The rellability statistics give an estimate of the abiiity of an item to perform successfully with respect to specific
performance requirements. We considered two types of reliability: catastrophic and functional. Catastrophic refiability
indicates the ability of the unit to complete the firing sequence, while functional rellability indicates the abllity of
the unit to perform within specified limits.

No catastrophic failures have occurred for any of the units tested; the observed catastrophic reliability is 1.000,
while the estimated reliability at the lower 90% confidence level is 0.978 based on 105 units tested.

The functional rellability was computed with and without the Ignitlon pressure data. The observed functional
reliability including these data is 0.638, while the estimated rellability at the lower 90% confidence level is 0.575.
The observed functionai reliability excluding the ignitlon pressure data is 1.000, while the estimated reliabliiity at
the lower 90% confidence level is 0.978. Since the estimated reiiabiiity is quite iow when the ignition pressure data
are Included, we aiso computed the estimated reliabllity at the upper 90% confidence level to be 0.702. This means
that the true reliability Is no greater than 0.702.
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TABLE ll. CONFIDENCE AND TOLERANCE LIMITS BASED ON SAMPLE STATISTICS'

. Tolgme il
90% Confidence limits N WA S
Paramter Sample siatistics on population mean (Y=090 PSR
a | ¥ ] s | a Lower |  Upper Lower | Usew
1968 Quality Evaluation
—40 °F (=40 °C)

Maximum thrust (ibf) 4 46045 5881 3 45353 46737 42258 49832
Impuise (ibt-s) 4 12650 14.26 3 12482 12818 nn2 12688
Action time (ms) 4 3088 818 3 299.2 3184 2581 38
ignition delay (ms) 4 42 050 3 36 48 - .
Initiation pressure (psig) 4 587.2 1.56 3 5736 60082 5128 ®1 s

160 °F (71 *C)
Maximum thrust (ibf) 4 56198 86.42 3 55181 57215 50633 617%3
Impulse (itf-s) 4 13025 14.15 3 12859 1319.1 1214 12938
Action time (ms) 4 258.2 350 3 254.1 2623 2357 2807
ignition delay (ms) 4 45 058 3 38 52 — 77
initiation pressure (psig) 4 5075 1.96 3 4934 5216 4305 48

Combined Quality Evaluations
—40 °F (-40 °C)

Maximum thrust (ibf) 48 45830 8721 27 45616 46044 43059 4080.1
impuise (br-s) 48 12581 12.06 19° 12531 4259.1 12160 12962
Action time (ms) 48 ns 13.24 342 3083 3147 2108 528
1gnition delay (ms) a8 35 144 10° 31 39 - [T}
Initiation pressure (psig) 39 67232 12642 16° 63702 70762 24012 104 8%

70 °F (21 °C)
Maximum thrust (ibf) 9 51078 .72 8 50615 5154.1 48018 SeuD
Impuise (tt-s) 9 1285.1 1447 8 12763 12939 12270 13432
Action time (ms) 9 Znaz as3 8 ns 2759 259.2 2082
Ignition delay (ms) 9 29 o7 8 24 a4 - 87
Initiation pressure (psig) 9 5678 82.2 8 5163 61882 23092

160 °F (71 °C)
Maximum thrust (ibf) 48 55578 134.22 283 55248 55908 51331 %Ne2s
Impuise (of-s) 48 12914 1.6 47 12887 12941 12578 13280
Action time (ms) 48 257.2 297 a 2565 2579 2483 2841
ignition delay (ms) 48 37 119 13 34 40 = 78
Initiation pressure (psig) 14 $659 875 36 5490 5828 arso?
TAK measurements are given only in the original units used.
2g,x:00d8 specification limit.

Mmmmmmmwmmmuiqmm
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TABLE IIl. CONFIDENCE AND TOLERANCE LIMITS BASED ON AGING TRENDS!

] Tolerance kmits
Estimated statistics 90% Confidence lmits on individual values
Paramter from regression on population mean (¥=090, P=059)
n | w | T | s Lower |  Upper Lower | Upper
Age = 228 Months
-40 °F (-40 °C)
Maximum thrust (Ibf) 51 6 45375 8898 44768 4598.2 42538 4821.2
. Impuise (1of-s) 51 6 12538 1.75 12458 12618 12163 12913
Action time (ms) 50 6 3155 a77 3095 3215 2875 3435
ignition delay (ms) 51 6 45 126 a7 55 = 84
Initiation pressure (psig) 42 5 78902 11238 70802 87002 4203 15772
70 °F (21 *°C)
Maximum thrust (1bf) 9 1 50959 7972 49574 52344 46790 55128
impuise (bf-s) 9 1 12688 1331 12457 12919 1199.2 1632.7
Action time (ms) 9 1 2698 336 2640 2758 252.2 2874
ignition delay (ms) 9 1 4 053 30 5.2 - 69
Initiation pressure (psig) 9 1 63292 63.28 5743 81152 33592 104992
160 °F (71 °C)
Maximum thrust (1bh 51 6 55782 13172 54883 §668.1 51582 5998.2
impulse (bf-3) 51 8 12937 104 1286.2 1301.2 12585 13289
Action time (ms) 51 8 2551 282 2532 2570 246.1 264.1
ignition delay (ms) 51 8 50 105 43 57 = a1
initiation pressure (psig) 40 [ 62432 58.16 5834 665.22 439.2 809.42
Age = 252 Months®
~40 °F (~40 °C)
Maximum thrust (ibf) 51 4 45274 8898 44555 45993 42357 48131
impuise (Ibf-3) 51 4 12532 n.7s 12437 1262.7 1214.7 12917
Action time (ms) 50 4 3167 ar 3098 3238 2879 3455
ignition delay (ms) 51 4 48 126 38 58 — a7
initiation pressure (sig) 42 4 814.12 11238 71882 909.42 4393 118892
180 °F (71 *0)
Maximum thrust (b 3 4 55813 131.72 5474.7 56879 51494 6013.2
impuise (ibt-s) 51 4 1294.2 104 12853 13031 12580 13304
Action time (ms) 51 4 2547 282 2524 2570 2455 2639
ignition delay (ms) 51 4 52 108 44 60 — 84
Initiation presswe (0Sig) 40 4 63712 56.17 5889 68532 4489 82532

128 measurements are given only in the original units used.

2€,00eds specification fimit,

3N0 statistcs computed at 70 °F because 1Y was less than 1.
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TABLE IV. ESTIMATED PERCENTAGE DEFECTIVE STATISTIC.. FOR INITIATION PRESSURE

Temperature Specification
(°F (Ol linit Pos ke Pes
1968 Quality Evaluation
40 (~40) Upper | 18 187 518
Combined Quality Evaluations
~40 (-40) Upper 449 n2 840
<40 (~40) Lower 02 18 82
70 (21) Upper 163 354 590
70 (21) Lower a1 26 173
160 (M) Upper 198 20 398
160 (71) Lower 00 03 17
otal Age = 228 Months
-40 (~40) Upper 668 940 998
~40 (-40) Lower 00 00 95
160 (1) Upper 355 656 882
160 (71) Lower 00 00 61
otal Age = 252 Months
~40 (-41) Upper 64.2 95.7 1000
~40 (-41) Lower Qo 0.1 7
160 (71) Upper 378 7 938
160 (1) Lower 00 00 a7
Aging Trends:

The aging trends were derived from the analysis of QE and lot acceptance test (LAT) data. Individual QE data
and LAT means are plotted with respect to total age In Appendix C. The aging equations were computed using
the least squares method and the tolerance limits were computed to Include at least 90% of the population at
the 90% confidence level.

Initiation pressure and Ignition delay trends are Increasing, while all other trends Indicate little or no aging
effect. The aging trend equations for initlation pressure at —40, 70, and 160 °F (-40, 21, and 71 °C) cross the
upper specification limit at approximately 45, 150, and 180 months of age, respectively. This means that beginning
at about these ages, more than 50% of the population will fall. The upper tolerance limits on the aging trend equations
for Initiatlon pressure exceed the upper specification limit at all ages, indicating that some failures can be expected
regardiess of age.
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CONCLUSIONS

Based on the results of this quality evaluation, it was concluded that:

(1) The Underseat Rocket Motor Mk 92 Mod 0 will perform satisfactorily over a temperature range of —-40
to 160 °F (-40 to 71 °C) throughout the current service life.

{2 The estimated percentage defective statistics indicate an extremely high failure rate (up to 95.7%) for initiation
pressure with regard to the upper specification limit.

(3) Trends for initiation pressure and ignition delay are Increasing, while all other trends indicate little or no
aging effect.

{4) The high variability of the Initiation pressure in units which use Duralac on the shear pin as a corrosion
inhibitor will no longer affect the fleet inventory since all Duralac units were removed from the fleet in April 1984,

e




®
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RECOMMENDATION

Based on the results of this evaluation, it is recommended that the service life of the Underseat Rocket Motor
Mk 92 Mod 0 be maintained at 168 months from the date of propeilant manufacture because of the inconsistent
trends for initiation pressure.

10
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Appendix A
INDIVIDUAL BALLISTIC VALUES!

1A measurements are given cnly in the units originally used.

1"




TABLE A-1. INDIVIDUAL BALLISTIC VALUES
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Lot No. Age Maximum thrust impuise Action time ignition deiay initiation pressure
(mo) (L) (ot-9) (ms) (ms) (psig)
~40 °F (~40 °C)
1977 Quality Evajuation
R7 14 452 1255 333 2 676!
R-19 109 4677 127 303 5 591
R-2S 07 4531 1259 310 2 568
R-27 106 aT37 1259 300 2 581
R38 94 4620 1260 308 2 693!
RS9 77 4569 1253 307 2 857!
R68 67 4507 1251 304 2 562
AR-80 57 4513 1255 305 2 534
Ra3 56 4543 1248 305 2 591
R83 56 4534 1248 a7 2 602!
1979 Quality Evaluation
R21 129 4442 1236 341 4 =
A2 129 4544 1252 320 4 =
A2 129 4562 1250 316 6 -
R23 129 4447 1240 378 5 -
A24 129 4637 1257 306 4 -
R2S 126 4672 1259 302 5 -
R28 128 4466 1251 325 5 -
A28 128 4533 1248 33 5 -
R40 13 “uy 1256 315 4 -
- 19680 Quality Evaluation
R2s 143 4798 1270 294 5 785!
A28 143 4678 1269 304 5 803!
R27 142 4602 1263 304 5 778!
R28 142 4669 1268 306 5 646!
R38 130 4647 1278 309 4 783!
R-80 8 4546 1268 306 6 766!
R83 92 4508 1261 3n 5 6421
R-18 52 473 1261 297 5 565
1982 Quality Evaluation
R38 149 4496 1245 314 15 70!
R3s 149 451 1242 314 20 gr2!
R-40 147 4552 1253 316 27 708!
R43 148 4535 1250 312 39 sn!
RS9 132 4470 1238 310 1.2 ass!
R-es 122 4498 1239 309 15 8!
R-80 "2 4523 1247 306 20 gr!
R-118 n 4514 1236 305 23 588
1964 Quality Evaluation
R31 187 4612 1258 310 3 649!
R83 137 4513 1250 312 3 668!
R-108 108 4554 1270 314 3 517
R-108 108 4569 1212 318 3 512
See foonotes at end of table,

13
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TABLE A-1. CONTD
Lot No. AQe Maximum thrust impuise Action time Ignition delay Initiation pressure
(mo) (L)) (Iot-s) (ms) (ms) (psiQ)
1986 Quality Evaluation
R-38 198 4563 1252 318 4 646!
R-118 120 4588 1243 306 3 638!
R-n8 120 4543 1248 309 4 575
MBABOKO001-002 64 4724 12n 304 4 575
MBASOKD01-002 64 4754 1278 302 3 595
1968 Quality Evaluation
R-108 157 4556 1272 3186 4 595
A-108 157 4556 1281 315 5 575
R-118 146 4631 1258 305 4 599
R-118 146 4675 1249 299 4 580
70 °F (21 *C)
1984 Quality Evaluation
R8s 148 5029 " 1278 2 3 7071
RS0 138 5077 1285 2 2 530
R-108 108 5088 1296 27 3 475
R-108 108 5117 1296 27 3 488
1986 Quality Evaluation
R-28 21 5215 1282 266 4 699!
A1 120 5009 1267 27 3 549
R-118 120 5061 1262 " 4 549
MBASOK001-002 64 5164 1301 n 2 549
MBASOK001-002 84 5210 1299 r 2 564
160 °F (71 °C)
1977 Quality Evaluation
R9 12 5362 1292 258 3 578
R21 108 5459 1286 254 3 610"
R-24 108 5622 1294 254 3 565
R-27 106 5538 1287 253 3 604!
R-36 103 5524 1292 256 3 6661
R46 8s S411 1280 254 3 578
R8s 87 8517 1284 258 2 542
R-80 57 5362 1280 258 3 519
R-80 57 5506 1289 260 3 502
R-83 56 5265 1275 258 3 53
1979 Quality Evaluation
R15 131 5386 1289 258 5 -
R-22 129 5450 1291 258 4 —
R23 129 8455 1294 258 4 =
R23 129 5720 1204 254 5 -
R24 129 5528 1296 258 5 -
R24 129 S570 1295 255 4 —
R-25 128 5503 1291 255 5 =
R31 7 8455 1217 254 4 =
RS0 78 5399 1285 263 4 =
See footnotes at end of table.

14
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TABLE A-1. CONTD

Lot No. Age Maximum thrust impulse Action time Ignition delay initiation pressure
(mo) (L] (lbt-s) (ms) (ms) (psiQ)
1960 Quality Evaluation
R-24 144 5834 1308 254 6 612!
R25 143 5639 1300 254 4 97612
R27 142 5739 1295 254 5 sort
R27 142 5710 1302 254 6 6621
R28 142 5632 1302 255 5 6161
R36 139 5748 1305 253 6 621!
R68 103 5584 1291 261 5 84912
R83 92 5575 1288 262 5 537

1982 Quality Evaluation

R38 149 5548 1280 258 35 584
A40 147 5562 1297 256 15 603!
R43 146 5530 1288 256 25 6941
R48 140 5533 1287 257 22 s70
R68 122 5449 1275 258 32 591
R-80 12 5472 1278 261 a1 530
R83 M 5392 1272 265 15 562
R-108 82 5941 1292 258 32 561
1984 Quallty Evaluation
R38 175 5617 1304 256 3 523
R-80 138 5474 1290 261 3 662!
R-83 137 5546 1290 260 3 433
R-108 108 5672 1309 261 4 469
1966 Quality Evaluation
R31 210 5548 1280 253 5 680"
R-118 120 5547 1217 256 4 508
R-118 120 5545 2R 256 4 529
MBABOKD01-002 64 5728 1310 258 2 515
MBABOK001-002 64 5710 1314 260 3 539
1988 Quality Evaluation
R-108 157 5686 1315 260 5 521
R-108 157 5674 1314 262 4 514
R-118 146 5622 1287 254 4 496
R-118 146 5497 1294 257 5 499
1Exceeds specification limit.
25tasetical outlier.

15
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Appendix B

THRUST-TIME PLOTS!

AN measurements are given only in the units originally used.
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Appendix C
AGING TREND PLOTS
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FIGURE C-1. MAXIMUM THRUST VERSUS TOTAL AGE




IHTR 1208

Impulse (1bf-3)
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FIGURE C-2. IMPULSE VERSUS TOTAL AGE
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FIGURE C-3. ACTION TIME VERSUS TOTAL AGE
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Ignition delay (ms)
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FIGURE C-4. IGNITION DELAY VERSUS TOTAL AGE
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FIGURE C-5. INITIATION PRESSURE VERSUS TOTAL AGE
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FIGURE C-1. MAXIMU!M THRUST VERSUS TOTAL AGE
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FIGURE C-2. IMPULSE VERSUS TOTAL AGE
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