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FOREWORD 

This report describes the 1988 Quality Evaluation (QE) Program for the Underseat Rocket Motor (USRM) 
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Systems Command, Washington, DC, under work assignment 00174/1/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. 

lest Procedure: 

Eight USRMs were visually inspected, radiographically examined, temperature conditioned 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. 

Results: 

The profiling visual inspection revealed several external defects—broken lockwires, missing nozzle caps, 
scratched paint, and torn labeling. Radiographic examinations showed that all motors were correctly assembled. 
Ballistic performance at temperatures of -40 and 160 °F v-40 and 71 °C) was within production specifications 
for all motors tested. No defects were detected by posturing marginality of success inspections. 

Conclusions: 

Based on the results 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 propeiiant manufacture 
because of the inconsistent trends for initiation pressure 

(4) No major problem areas were Identified. 

(5) A quality evaluation of fleet-returned units should be conducted during FY 91. 

(6) No problems requiring rapid action were identified. 

(7) The performance of the Underseat Rocket Motor Mark 92 Mod 0 is exhibiting only minor variations 
in performance with age and all units are predicted to continue to perform at acceptable levels through 
168 months from the date of propeiiant manufacture. 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. 

Recommendations: 

Based on the results of this evaluation, it is recommended that the service life of the USRM Mk 92 Mod 0 
be maintained at 168 months from the date of propeiiant 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 aircrew 
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 combination after the ejection gun operation to a safe parachute deployment altitude, even 
in zero-speed, zero-altitude ejections. This system is required to operate over a temperature range of -40 to 160 °F 
(-40 to 71 °C). The specification limits are as follows: 

Parameter 

Maximum thrust [Ibf (N)J 
Impulse [ibf-s (N-s)J 
Action time (ms) 
Ignition delay (ms) 
Initiation pressure [psig (MPa)] 

Minimum 

3,700 (16,458) 
1,160 (5,160) 

220 

400 (2.758) 

Maximum 

6900 (30693) 
1,390 (6183) 

475 
25 

600 (4.137) 

PROPELLANT TUBE 
PROPELLANT 

ATTACHMENT BOLT 

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 6 
nozzles, and the hardware necessary for attachment to the ejection seat. The center body is machined internally 
to form a plenum chamber to receive hot gasses from the piopeliant tubes and direct them to the nozzles. Each 
propellant tube contains a cylindrical, extruded, double-base propellant grain with three equally spaced external 
ribs for support. 

mmm 
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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 0 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). 

A . 
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TEST PROCEDURES 

A sample of eight Mk 92 Mod 0 USRMs were visually inspected and radiographicaliy 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 
external visual inspection and a marginality of success (MOS) evaluation. Lot number, serial number, age and firing 
temperature are presented in table I. 

TABLE I. TEST SAMPLE 

Lflt NO. Test motor Aga fired Conditioning temperature 
serial No. (mo) l-FCQl 

R-108 13167 157 -40 (-40) 
R-103 13206 157 -40 (-40) 
R-108 13218 157 160(71) 
R-108 13376 157 160(71) 
R-118 14080 146 160(71) 
R-118 14107 146 -40 (-40) 
R-118 14284 146 160(71) 
R-118 14362 146 -40 (-40) 
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TEST RESULTS 

Visual Inspection: 

Visual inspection of the rocket motors determined that ail eight of the units had been installed in aircraft. The 
units exhibited minor defects such as scratched paint, broken lockwires, missing mounting bolts, missing initiator 
caps, missing nozzle caps, and torn labeling. None of the defects would have affected the operation of the rocket 
motor. 

Radiographic: 

The radiographic examination of all the units revealed no internal defects. All motor components were present 
and had been correctly installed. 

Ballistic: 

All eight rocket motors met the ballistic requirements of MIL-A-8509778B. 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 a 

Posturing Inspection: 

A posturing inspection and MOS evaluation was conducted on all eight static-fired rocket motors. The cartridges 
and all propeilant tubes were removed from each motor. The igniter cartridge primer penetration minimum of 0,015 
inch (Q038 cm) was exceeded in all cases. No defects or evidence of marginal performance was found on any motors. 
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DATA ANALYSIS 

Confidence and tolerance limits: 

Two major sets of statistics were computed. The first set is based on sample statistics and it applies to units 
covering the entire age span of the population. We used an effective degrees of freedom 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 II. 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; n', the effective number of observations 
at the specified age; y, the estimated mean at this point, and se, the standard error for the regression. Limits based 
on the aging trends are given in Table III. 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 propeilant 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 (EPH) statistic gives the percentage of units in the population expected 
to fail a given specification limit. The P^ and P 95 values represent the lower and upper confidence limits 
respectively on the true percentage defective All EPD statistics for cases where P^ exceeded ao are given in 
Table IV. The EPD statistics indicated an extremely high failure rate (up to 95.7%) for initiation pressure 

Reliability: 

The reliability statistics give an estimate of the ability of an item to perform successfully with respect to specific 
performance requirements. We considered two types of reliability: catastrophic and functional. Catastrophic reliability 
indicates the ability of the unit to complete the firing sequence while functional reliability indicates the ability 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 0978 based on 105 units tested. 

The functional reliability was computed with and without the ignition pressure data. The observed functional 
reliability including these data is 0.638, while the estimated reliability at the lower 90% confidence level is 0.575. 
The observed functional reliability excluding the ignition pressure data is 1.000, while the estimated reliabiility at 
the lower 90% confidence level is 0.97a Since the estimated reliability is quite low when the ignition pressure data 
are included, we also computed the estimated reliability at the upper 90% confidence level to be 0702. This means 
that the true reliability is no greater than 0.702. 
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TABLE II. CONFIDENCE AND TOLERANCE LIMITS BASED ON SAMPLE STATISTTCS' 

Paramter Sample safeties 
90% Confidence limits 
on population mean (T-OM^>«M 

n y s at Lower Upper Lowv           UM» 

7968 Quality Evaluation 

-4C T (-40 «q 

Maximum thrust (tor) 4604.5 5831 3 45353 46717 42254 
Impulse (iW-s) 12650 14.26 3 1248.2 12815 11702 
Action time (ms) 308.8 ais 3 299.2 3184 25*1 
Ignition delay (ms) 42 050 3 35 45 — 
Initiation pressure (psig) 587.2 1156 3 5735 60052 5125 

160 «F (71 «q 

Maximum thrust (lor) 56193 86.42 3 55111 57215 50635 
Impulse (Ibt-s) 13025 14.15 3 12859 1319.1 1211.4 
Action time (ms) 258.2 350 3 254.1 2625 23S7 
Ignition delay (ms) 4.5 058 3 35 u — 
initiation pressure (psig) 5075 11.96 3 493.4 5215 4305 

»<# 

•«ma 

77 

Combined Quality Evaluations 

-40 *F (-40 *q 

Maximum thrust Oof) 
Impulse (iw-s) 
Action time (ms) 
Ignttion delay (ms) 
Initiation pressure (psig) 

Maximum thrust (lor) 
Impulse (iw-s) 
Action time (ms) 
Ignition delay (ms) 
Initiation pressure (psig) 

48 
48 
48 
48 
39 

45835 
1256,1 

3115 
35 

6T252 

51075 
1285.1 
2717 

25 
5675 

87.21 
1256 
13.24 

1.44 
126.42 

273 
193 

343 

103 

163 

70 «F(2t «q 

74.72 
14.17 
353 
0.78 

82.22 

100 f (71 »q 

4561 £ 
12511 
3085 

3.1 
6370» 

50615 
12763 
2715 

2.4 
5165 

4604.4 
12511 
314.7 

35 
70752 

5154.1 
12935 
2755 

14 
61852 

43055 4050.1 
12165 12MJ 
2705 MK4 
_ •5 

240.1» n045* 

48015 »4145 
12275 13412 
2595 2055 
— 17 

23Q92 904 7» 

Maximum thrust (it*) 48 55575 134.22 283 55244 55905 51311 59025 
Impulse (iw-s) 48 1291.4 11.16 47 12817 1294.1 12575 132S5 
Action time (ms) 48 2575 257 47 2565 2573 2485 2041 
Ignition delay (ms) 48 17 1.19 113 14 43 — 7« 
Initiation pressure (psig) 37 5655 <-~5 36 5495 5825 37102 7535» 

3EAKSV« 

are given only in the original units i 
limit 

degree« of freedom used because of significant difference» Between quality evaluation«. 
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TABLE III. CONFIDENCE AND TOLERANCE LIMITS BASED ON AGING TRENDS1 

Paramter 
fcstimaiw —Mi 

from regression 
90% Confdenca Imits 

on population moan 

Toieranca limits 
on IHMJM values 
(Y-030, P-039) 

n if y •a Lower Upper Lower Upper 

Maximum thrust (lot) 
Impulse (Ibf-s) 
Action time (ms) 
Ignition delay (ms) 
Initiation pressure (psig) 

Maximum thrust (Ibf) 
impulse (ibf-s) 
Action time (ms) 
Ignition delay (ms) 
Initiation pressure (psig) 

Maximum thrust (tbf) 
Impulse (ibf-s) 
Action time (ms) 
Ignition delay (ms) 
initiation pressure (psig) 

Maximum thrust (Ibf) 
Impulse (Ibf-s) 
Action time (ms) 
Ignition delay (ms) 
Initiation pressure (psig) 

51 
51 
50 
51 
42 

AQ» -228 Months 

-40 f (-40 »Q 

51 6 
51 6 
50 6 
51 6 
42 5 

45375 8838 
12533 11.75 

3155 a77 
45 1.26 

78902 11238 

44763 
124&8 
3094 

37 
70&02 

70 f!(21 »Q 

4g» - 252 Months3 

-40 «F (-40 *C) 

4527.4 MM 
1253.2 11.75 

316.7 an 
43 136 

814.12 11236 

445S5 
12437 
3096 

38 
71832 

4598.2 
12616 
3215 

55 
87032 

9 1 50953 79.72 4957.4 5234.4 
9 1 12683 1331 1245.7 12913 
9 1 2693 336 2643 2753 
9 1 4.1 033 33 53 
9 1 692-92 6838 5743 811S2 

160 f f71 «Q 

51 6 55783 131.72 54883 5668.1 
51 6 12937 1134 1286.2 1301.2 
51 6 25S1 232 2532 2573 
51 6 53 135 43 57 
40 5 62432 56.16 5634 66S32 

42533 4621.2 
12163 12913 
2875 3435 
_ 64 
4203 1157.72 

46793 55123 
1199.2 1632.7 
252.2 287.4 
  63 
33S32 104932 

51563 59932 
12565 13283 
246.1 264.1 
— 31 
4393 809.42 

45993 42357 48iai 
1262.7 1214.7 1291.7 
3233 2873 3455 

53 — 37 
909.42 

4393 118832 

160 «F (71 *q 

Maximum thrust (ibf) 51 55813 131.72 5474.7 56873 5149.4 60133 
Impulse (bf-s) 51 12943 1134 12853 13031 12583 13334 
Action time (ms) 51 254.7 232 252.4 2573 2455 2633 
ignition delay (ms) 51 52 135 4.4 63 — 64 
Initiation pressure (psig) 40 637.12 5617 5883 68532 4463 82S32 

Ai m—iifmsnn am gwen only in th» original units used. 
2EicMdi •pacffleatlon limit 
'NO Mantes computed at 70 *f because rt was leaa than 1. 
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TABLE IV. ESTIMATED PERCENTAGE DEFECTIVE STATISTIC^ FOR INITIATION PRESSURE 

Temperature Specification 
limit OS EPO 

-40 (-40) 

-40 (-40) 
-40 (-40) 

70(21) 
70(21) 
160(71) 
160(71) 

-40 (-40) 
-40 (-40) 

160(71) 
160(71) 

T988 Quality Evaluation 

Upper | 1J6 | 

Combined Quality Evaluations 

15.7 51J6 

Total Age - 252 Months 

Upper 44* 71.2 84J0 

Lower 02 10 82 
Upper 163 384 590 
Lower 0.1 2J6 173 
Upper IM 200 39J6 

Lower 00 03 1.7 

Total Age - 228 Months 

Upper 0SB 940 993 
Lower 00 00 00 
Upper 360 080 882 
Lower 00 00 6.1 

-40 (-41) Upper 642 95.7 1000 
-40 (-41) Lower 00 ai 1i7 
160(71) Upper 370 72.7 938 
160(71) Lower 00 00 97 

Aging Trend«: 

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 initiation 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 fail. The upper tolerance limits on the aging trend equations 
for initiation pressure exceed the upper specification limit at all ages, indicating that some failures can be expected 
regardless 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. 
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RECOMMENDATION 

I 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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TABLE A-1. INDIVIDUAL BALLISTIC VALUES 

Lot No. Age Maximum thrust Impulse Action time Ignition delay Initiation pressure 
(mo) (W) «**) (ms) (ms) (psffl) 

-40 «F (-40 »Q 

1977 Quality Evaluation 

B-7 114 4452 1255 333 2 6761 

R-19 109 4677 1271 303 5 591 
Ml 107 4631 1259 310 2 568 
R-27 106 4737 1259 300 2 591 
Ma 94 4620 1260 308 2 6931 

MI 77 4569 1253 307 2 8571 

MI 67 4607 1251 304 2 562 
MO 57 4619 1255 305 2 534 
Mi 56 4543 1246 305 2 591 
UM 56 4534 1248 307 2 6021 

1979 Quality Evaluation 

Ml 129 4442 1236 341 4 w 

Ml 129 4544 1252 320 4 — 
Mi 129 4562 1250 316 6 — 
Mi 129 4447 1240 378 5 — 
Mi 129 4637 1257 306 4 — 
Ml 128 4672 1259 302 5 — 
Ml 128 4466 1251 325 5 — 
Ml 128 4533 1248 323 5 — 
Ml 113 4497 1256 315 4 — 

-   1 900 Quality Evaluation 

Ml 143 4796 1270 294 5 7651 

Ml 143 4676 1269 304 5 803' 
FW7 142 4602 1263 304 5 776' 
Ml 142 4669 1268 306 5 646' 
Ml 130 4647 1278 309 4 7931 

MO 116 4646 1268 306 6 7661 

Ml 92 4508 1261 311 5 6421 

R-TI8 52 4713 1261 297 5 565 

1 962 Quality Evaluation 

Ma 149 4496 1245 314 15 730' 
Ml 149 4511 1242 314 2J0 9721 

R-40 147 4552 1253 316 2.7 706' 
R-43 146 4535 1250 312 39 871' 
Ml 132 4470 1236 310 If 858' 
Ml 122 4498 1239 309 15 778' 
Ml 112 4523 1247 306 2J0 979' 
Ml 71 4514 1236 305 25 586 

1 964 Quality Evaluation 

Ml 187 4612 1258 310 3 6491 

Ml 137 4513 1250 312 3 666' 
ftwe 108 4554 1270 314 3 517 
R-108 108 4569 1272 316 3 512 

9M toowow « «nd <X \at»u. 

13 
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TABLE A-1. CONTD 

Lot NO. Ac* Maximum thrust Impulse Action time Ignition delay Initiation pressure 
(mo) <w> (W-s) (ms) (ms) (PtiO) 

1906 Quality Evaluation 

Ml 198 4563 1252 318 4 6461 

R-118 120 4588 1243 306 3 6361 

R-118 120 4543 1248 309 4 575 
MBA80K001-002 64 4724 1271 304 4 575 
MBA80K001-002 64 4754 1278 302 3 595 

7989 Quality Evaluation 

R-108 157 4556 1272 316 4 595 
R-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 «Q 

7984 Quality Evaluation 

R68 148 5029 1278 276 3 7071 

MO 138 5077 1285 274 2 530 
R-108 108 5068 1296 278 3 475 
R-108 108 5117 1296 276 3 488 

7968 Quality Evaluation 

Mi 211 5215 1282 266 4 6991 

R-118 120 5009 1267 276 3 549 
R-118 120 5081 1262 272 4 549 
MBA80K001-002 64 5164 1301 273 2 549 
MBA80K001-002 64 5210 1299 272 2 564 

160 «F (71 »q 

t 977 Quality Evaluation 

M 112 5362 1292 256 3 576 
R-21 108 5459 1286 254 3 6101 

R-24 108 5622 1294 254 3 565 
R-27 106 5536 126/ 253 3 6041 

R-36 103 5524 1292 256 3 6661 

Ml 85 5411 1280 254 3 578 
R«8 67 5617 1284 258 2 542 
Ml 57 5362 1280 258 3 519 
Ml 57 5506 1289 260 3 502 
R83 56 5265 1275 258 3 536 

1 979 Quality Evaluation 

R-15 131 5386 1289 258 5 _ 
Ml 129 5450 1291 258 4 — 
Ml 129 5455 1294 258 4 — 
R-23 129 5720 1294 254 5 — 
R-24 129 5526 1296 258 5 — 
R-24 129 5570 1295 255 4 — 
Ml 128 5503 1291 255 5 — 
R-31 127 5455 1277 254 4 — 
Ml 78 5399 1285 263 4 — 

SN tooinotM Al »nd dot*. 
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TABLE A-1. CONTD 

Lot NO. Age Maximum thrust 
ow) 

Impulse 
(W-S) 

Action time 
(ms) 

Ignition delay 
(ms) 

Initiation pressure 
(psig) 

R-2* 
R-2S 
H-27 
R-27 
R-28 
B-36 
ELAA 

a«3 

R-38 
FUO 
R-43 
R-48 
R-68 
R-80 
R-83 
R-108 

R-38 
R-80 
R-83 
R-108 

R-31 
R-118 
R-118 
MBABOK001-002 
MBABOK001-002 

144 
143 
142 
142 
142 
139 
103 
92 

149 
147 
146 
140 
122 
112 
111 
82 

175 
138 
137 
108 

210 
120 
120 
64 
64 

1900 Quality Evaluation 

5834 1308 254 6 6121 

5639 1300 254 4 9761-2 

5739 1295 254 5 6071 

5710 1302 254 6 6621 

5632 1302 255 5 6161 

5746 1305 253 6 6211 

5584 1291 261 5 8491* 
5575 1288 262 5 537 

1982 Quality Evaluation 

5546 1280 256 35 584 
5562 1297 258 15 6031 

5530 1288 256 25 6941 

5533 1287 257 2.2 570 
5449 1275 258 &2 591 
5472 1278 261 ai 530 
5392 1272 265 15 562 
5941 1292 258 02 561 

1984 Quality Evaluation 

5617 1304 256 3 523 
5474 1290 261 3 6621 

5546 1290 260 3 438 
5672 1309 261 4 469 

t 986 Quality Evaluation 

5546 1280 253 5 6801 

5547 1277 256 4 508 
5545 1273 256 4 529 
5725 1310 258 2 515 
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 

'EacMdi spadflcaUon «mit 
zSta*«ical outliw. 
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Appendix B 

THRUSTTIME PLOTS1 

'Ail measurements am given only In the units originally used. 
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7170 
MK   02  MOO  0  S/N   14362 -40F 

UAXIMUU   TMKJaT 
ACTIOH TIME 
IM  

4. a a-ui 
•>e»i. i  uf) 
(•«.a «H-aso 

las'», a ojr-aco 

a. a TO zs-a 
-ii TO aaaa.a 

zza.a TO 47». a 
uaa-a TO iaaa.a 

TIME in «an 

7171 
MK 02 MOO 0 S/N   14107  -40F 

TtON TIM ACTl 
1848.» 

 a. a TO JH 
«7aa.a TO aaaa.a 
aaa.a TO «EI 

iin.1 TO iaoa.a 

a   I       i        r       i        i        »        '        i        '        ••       '       ' '    ' 

TiMa m ma 

19 
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7172 
MK  82  MOO  0  S/N   14080   100F 

10MITI0H OBLAY 
MAXIMLH   TM«U«T 

4-2   04-MCJ a.« TO 25.» •act.« ojn sras.0 TO aoM.« 
ACTION TIMS 1*4. •   <H-*fO 22«.»   TO 47S.0 
IMPULS« 1HT.2   <LV-SEO UM.»  TO lie«.» 

r~ 

7173 
MK  02 MOO 0 S/N  14204   1C 

•um* nmutr 
ACTION   TIKI 

•ii?-* äjrj 
llS* TO 

I».» 
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7174 
MK  82  MOO  0  S/N   13378   1C 

HAXIMUM Twurr 
ACTION riK 

•-• TO TS-* 
-  • TO HU.! 

• TO 4TB. • 
• TO imi 

7175 
MK  82  MOO  0  S/N   13218   18BF 

IOHITIOH osutr 4.*   <M-«€D a» TO 
•MIUI   THRJST M74.I   un *7aa.a TO 
ACTION   TI« 201. •   CM-MO >•>«.• uf-no ata.« TO 
xwjjm. 11ML0  TO 

r— 

•  *f—• 'f     ' i-   'T— ' r T     • i'-    -T— f        i 1- 

21 
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717B 
MK  02  MOD  B S/N   13107  -40F 

lONITIai OB-AT 
HAKtMLM   TM«J»T 

4.4   «-ItO a. a TO es.» 
«aas, a aan «ras.« TO 

ACTION TIHI 110.4    (M-SCC) 120. a TO 479. S 
IWU.H 1272.» cur-tto ilia.» TO 1100.0 

TIME »-«ax» 

7177 
MK 32 MOO a S/N 13280 -4BF 

tONITtOM OBLAT 
umiu TxBuoT 
ACTION TIMt 

4.0   Ot-UO 
4000.1   (LW) »•.a S «D 
laoi.i 

a.« TO • a.a 
«Taa.il TO aaaa.a 
nawa TO 473. a 

iiu.a TO     laao. a 

• 1   • M. 
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Appendix C 

AGING TREND PLOTS 
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3 

ä 

5,500 r 
-40#F  C-40*C) 

51980 •• 

4,500 

4.1 

3,500 

Y(lbf) - 4632.6 - 0.42X 

Y(N) - 20,607.0 - 1.86X 

r • -0.200 

USL - 6,900  (30,693)- 

O   LHT 
a   Prior QE 
V   1988 0E 

 ! l Q_H       n     # a_ *    S5 a   „ 
1 B  a    D   *b*v° * 

LSL - 3,700  (16,459) 

24,000 

22,000 

•  20,000 

-   18,000 

-   16,000 

70*F  (21*C) 

Y(lbf) - 5120.9 - B.UX 

YCN) - 22,779.1 - 8.49X 

USL - 6,900 (30,693)- 

51500 r - -8.866 

e • 

5,000 - 
8    B      U  a - 

4,580 

A  ana 1                   1                   1 '                   l 

LSL - 3,708 (16,458) 

1                   1 

m 5548.8 • 0 13X 

16SPF  (71»C) 
a, JO« 

Y(lbf) USL - 6,988 (38,693V 

Y(N) - u ,682.2 + 8.57X 

6,000 - r - 8.842 a - 

o a 
nB    i a    %          ° 

0 

5,500 a   B 

a • a ^do Uoi tf> 
O"                              _ 

5,088 

A   CCM 1 1 1 '                  ' 
LSL - 3,788 (16,458) 

'                    1 

26,800 

-  24,000        5 

- 22,000 ^ 
e 
| 

- 20,000    I 

d 18,000 

28,500 

-  26,508 

24,500 

-   22,500 

20,500 

40 80 120 160 
Total   »go   (MO) 

200 240 280 

FIGURE C-1. MAXIMUM THRUST VERSUS TOTAL AGE 
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1.420 r 
-40T  (-40*C) 

1.35B 

1,288 

1,218 

Ydbf-«) - 1259.1 - 8.823X 
_Y(N-«) - 5688.9 - 8.1B4X 

r - -8.896 

USL - 1,398 (6,193) 

O   LHT 
a   Prior 0E 
V   1988 QC 

o 
3  
tf a D 

. o- - 

•a a 

LSL -  1,168  (5,168) 

1,148 I—l———L _L -L J_ 

6,388 

6,888 

5,708 

5,488 

1 

l,420r 

1,358 - 

1,298 - 

1,218 - 

1,148 

?0*F (2TC) 
•" 

Ydbf-«) - 1383.3 - 8.151X USL - 1,398  (6,163) 

Y(N-«) - 5797.3 - 8.673X 

-             r_- -8.477 - 

a 
P- 

B 
^j a                             - 

tm 

LSL -  1,168  (5,168) 

1                  1                  1 i III- 

,    Ala 160»F (7TC) 

USL - 
I, it« 

1,398 (6.193) 

1.358 

• 
 *—._,.-.„.*--- 

a 
_  

1,280 u iz^:jSLwi.y  

1,210 

Ydbf-«) 
uY(N-») 

- 1 
- 57 
r • 

299.7 + 8.818X 
36.8 • 8.879X 

8.069 
LSL - 1,160 (5,160) 

1     14C4 1                   1                   1                   1                   1                   1                   1 

J 5,100 

6,300 

- 6,000 

- 5,700 

- 5,400 

5,108 

- S»300 

- 6,000 

-   5,700 

-   5,408 

5,100 
48 68 128 168 

Totti   »go   (mo) 
288 240 298 

FIGURE C-2. IMPULSE VERSUS TOTAL AGE 
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418 r- 

368 

318 

-4B*F (-48*0 

268 

Y - 384.8 + 8.847X 
r - 8.229 

USL - 475 

O   LflT 
o   Prior QE 
V    1988  QE 

g°      ° n  ft 1 • ^u   %  jpFj8 
a» 

LSL - 228 

78*F (21#C) 
03O 

Y - 278.8 - 8.836X 
USL - 475 

r - -8.456 

388 - 

 i ' H n  n n • 

258 - 

LSL - 228 

208 i       i       i       l       l       1       1       1 

338 

288 

238 

160*F (71*C) 

Y - 259.2 - 8.819X 
r - -8.266 

USL - 475 

crrr^ffrSKlHili: 
LSL - 220 

48 88 128 168 
Total   ige  (an) 

288 248     288 

1 - Not uaad In ragraaalen «nalyala 

FIGURE C-a ACTION TIME VERSUS TOTAL AGE 
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2 

i 

9r 

6 - 

-4B*F  (-40*0 

Y - 2.44 + 0.00935X 
1 

r - 0.38? 

a 

-°                           n -—— 
~o —    ** 

o~"                             a a   o   o 

USL - 25 

^  •**  ** 

 _j-o-"*""" 

a     a      a   a    v   

a a D     i__g.——'—"*""o 

a   a     a                   a 
a 

1       .---1- **""        1 i                 I                 i                 I                 i 

3 - 

9i- 
70*F  C21»C) 

Y - 1.49 • 0.011G1X 

r - 0.663 

USL - 25 

O   LHT 
a   Prior QC 
v   19S8 QC 

I.- I J_ 

I6B*F (7ro 
USL - 25 

Y - 2.4? 4- 0.01100X 

r - 0.412* 

48 128 168 
Total   »go   (no) 

208 248 288 

1 - Significant at tha 8.89 probability lav«I 
2 - Significant at tha 8.81 probability lava I 

FIGURE C-4. IGNITION DELAY VERSUS TOTAL AGE 
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1.208 r 
-48» F  (-48*0 

-1   8.2 

308 

1,288r 
78T (21»C) 

988 

688 

388 

Y(p*lg)  - 420.5 •  1.16X 

YCMPa) - 2.95 + 8.88799X 

r - 8.638 

o   LOT 
a   Prior QE 
•   1388 QE 

8.2 

-    6.2 

 •— ^r^TZL — iB- ^-6BJ,(4^J^    4.2 

-r _L J_ 

    LSL • 488 (2.8) 

J 1 d   2.2 

1.288 r 

988 - 

168»F (71»C) 

688 

388 
48 128 168 

Total  «a« (ao) 
288 248 

-I   8.2 

-    6.2 

«    4.2 

d   2.2 
280 

1 - Significant at th« 8.81 probability loval 
2 - Nat u««d In ragroaaton analyafa 

RGURE C-5. INITIATION PRESSURE VERSUS TOTAL AGE 

m 
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1.5BB I—L 
48 88 128 160 

Tot»)   sga   (mo) 
200 240 280 

FIGURE C-1. MAXIMl'M THRUST VERSUS TOTAL AGE 

25 





MM* in riyim— wtlyat« 

FKIUREC-a ACTION TIM8 VERSUS TOBM. AQE 


