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. REL DIF
66 1190 995 196 9223 38478
67 1238 1014 224  84T5 38973
32 1288 1074 34 TS 40230
31 1308 1033 385 30 39713 ACCR
37 1329 1038 271 6870 -~ 39813
35 1330 1130 200 - 7093 41603
33 1352 1109 243 6603 41038
1 1357 1110 . 247 6683 40825
73 1360 1087 273 630 40533
‘53 1360 1120 24D &353 41550
36 1377 1066 3l1 6045 4273
'§T 1378 1074 300 6020 40368 -
1392 11285 267 370 41505
38 1303 1154 239  37s0 42275
21 1409 1084 323 5358 40363
: 13 M4L1 139 272 5385 41855
22 1413 1123 200 5323 41475
6 1414 1147 267 . 528D 41743
62 1429 1106 323 5043 41158
6 1433 1161 272 4903 42265
37 434 1047 387 4790 39974
75 1449 1133 36 4525 417RS
B O453 1143 31D 4475 41708
S5 1483 1164 3#D 4535 42160
17 1458 1130 328 4L8 41640
16 1458 1168 200 4333 42450
15 1458 1140 318 - 4350 41880
41 1470 193 317 23985 40910
64 1471 1177 W4 4078 42765
1 1472 1193 119 4145 42625
‘84 1473 1176 297  40L8 42735
18 1475 Q181 204 4000 42838
S A6 1184 302 3835 4910
"2 MBS 1188 00 3733 42840 .
63 1502 1204 . 301 3303 43245 AGH
‘88 1505 1161 344 3280 4268 ACHI
i35 1507 133 374 3260 . 41795 ACHI
10 1508 1145 324 | 3430 42653 ACHI
42 1513 1174 339 3130 42540 ACH
P4 1514 C1AR. 326 3198 42610 ACH
19 - ISt6 1113 403 3145 41310 ACHI
75 120 1203 307 . 2983 43270 ACHI
21 1524 I11B1 203 28635 43390 ACHI
: 25 1524 117 37 2003 42878 ACHI
28 1524 . 1180 344 2783 42620 ACHI
‘30 1526 1162 364 2620 42400 ACHI
‘81 1529 1214 315 2825 43495 ACHI
‘40 1531 1198 333 2850 43168 ACHI
‘61 1533 1235 296 2843 44095 ACHI
(26 1535 1246 289. 2733 44073  ACHI
20 1536 1192 344 2668 43035 ACHI
74 1538 1240 298 2863 44068 ACHI

TLNHTSA 011274



‘43 1M8 1214 324 2605 43488 ACHI
9 1560 1195 4S5 2685 42083 ACHI
35 §554 1232 322 2158 43798 ACHI
L 12 1554 121 333 2448 43313 ACH
4 4 1558 1177 381 283 42640 ACHI
| 48 1358 1211 347 230 43465 ACHI
‘-1-_ 30 1564 1199 365 230 43060 ACHI
;:\ - 58 1567 1269 298 2130 44798 ACHI
HE 65 1569 1212 357 1968 43565 ACCR
| 52 1569 1198 371 1968 43113 ACCR
g 4 15711 1180 291 1873 42793 ACCR
B 7 1573 1265 08 1830 44268 ACCR
14 1576 1236 MO 1743 43888 - ACCR
. 34 1376 1216 360 1753 4383 ACCR
" 24 1583 1260 - 323 1610 44480 ACCR
72 1584 1210 374 1550 43450 ACCR
3 1585 1215 370 1575 43160 ACCR
:; 5 1587 1173 412 1538 42565 ACCR
50 1804 1243 341 1308 44070 ACCR
46 1610 1211 399 1028 43MI0 ACCR
70 1618 1186 432 T3 43013 ACCR
& 1618 1275 M3 TI0 47LE  ACCR
71 1637 1237 400 413 4390 ACCR
45 16k3 (250 305 . 343 44275 ACCR
, AVQ 1437 1168 318 3551 42421
STD 04 61 50 1999 1368
4
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TBY ACT)
ACT REL DIF ACTCR RELCR COMMEN
80 1300 1094 206 3720  869.5
78 1393 1109 284 3613 41268
# 420 1196 24 - 5083 43020
5 1449 1152 207 4578 42243
45 1449 1226 23 4483  4363.0
T3 1456 112 124 4355 43698
10 1467 1221 246 4288 43510
25 1470 I2R6 184 40855 44673
23 1495 1307 188 3565 45260
61 1496 1270 225 30 44338
4 1496 1267 229 3533 44500
35 1498 1283 215 3408 44468
36 1498 1277 221 428 44768
4 1300 1291 205 - 3363 44080
42 1503 1251 252 3543 44193 ACHI
15 1505 1281 224 3280 44733 ACHI
3 1509 1241 268 3255 43955 ACHI
12 1517 1246 271 3053 44035 ACHI
41 1518 1299 219 3118 45063 ACH
7 1520 1337 213 2800 433838 ACHI
5 1520 1304 216 2900 45208 ACHI
62 1522 1308 213 2880 435190 ACHI
¥ 1523 1279 244 263 44948 ACHI
2 1526 1270 256 2945 44588 ACH
4 1527 1307 220 2790 43330 ACHI
C70 1530 198 232 2800 45200 - ACHI
6 1530 1271 289 IBlS 44618 ACHI
16 1533 1336 197 2830 45880 ACHI
29 1534 1344 190 2663 46125 ACHI
51 1535 1307 228 2560 45363 ACHI
18 1538 1326 212 2723 45658 ACHI
T 1540 1331 209 24035 43933 ACHI
71 1540 1273 265 2738 . 44713 ACHI
27T 1543 1277 266 2533 44410  ACHI
59 1543 1348 195 2398 46305 ACHI
17 1547 1321 226 2493 45603 ACHI
68 1347 1135 212 2370 45995 ACHI
4 1548 131 217 2933 45743 ACHI
60 1549 1334 215 2285 4595 ACHI
32 1349 1320 28 283 45278 ACHI
26 1550 1332 218 2250 45450 ACHI
30 1551 1327 224 2303 45803  ACHI
6 1551 I35 226 2273 4500 ACHI
37 1553 1333 210 2123 45858 ACH!
S22 1553 1312 241 2335 45338 ACH
19 1355 1200 265 2298 44915 ACHI
74 1559 1317 242 2223 45355 ACGHI
52 1563 1347 216 2113 46123 ACHI
67 1563 1337 226 2000 46033 ACHI
33 1563 1357 206 1988 46078 ACCR
§ 1564 1207 267 238 45015 ACHI
50 1564 1317 247 2008 4555.5 ACHI
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4

T BY REL, #26 AND #10 REMOVED FROM STATS)
_ ACT REL DIF ACTCR RELCR
25 1264 967 291 20 37755 ACCR
2 1244 999 245 8300 38398
1.6 1272 1000 272 8038 38773
19 1243 1001 242 8280 3§74.8
& 1255 1007 248 8345 38540
24 1332 1011 320 7070 38740
43 1321 1020 300 7098 38970
6 1276 1020 255 7872 38983
| 1216 1022 194 8813 W24
33 1281 1023 258 7850 39163
S21 1282 27 25 2333 35065
40 1287 1031 256 7738 39300
‘70 1307 1032 215 7450 39395
1 1301 1082 269 7648 39248
11 1300 1032 268 7613  3889.8
61 1291 1034 257 _77L3 39673
49 1263 1035 228 8100 39388
0 1266 1042 224 8078 39503
6 1252 1043 204 2150 39733
13 1259 1058 201 8160 40110
66 1252 1058 19.4 2123 39930
20 1234 1050 174 2573 39895
31 1278 1060 218 7858 3987.8
34 1252 1063 169 8270 3998.5
57 1257 1064 193 8080 40160
% 1318 1084 254 7120 40140
4 1312 1065 247 733 4012
2 1289 1066 223 1793 40083
5 1285 1069 216 7728 40343
67 1317 1011 246 . T095 403638
27 1300 1011 230 7628 40260
33 1247 1071 176 8323 402538
64 1282 1072 210° 7825 4038.8
42 1280 1073 207 7665 40338
4 1282 1077 205 71823 4044%
7 1304 1077 227 7403 40493
@ 1231 1078 153 8503 40438
72 1243 1082 166 8260 40655
16, 1259 1083 176 8240 40703
82 1250 1083 167 8205 40573
71 1254 10931 163  821.0 4089.)
%6 1374 1094 180 8030 40890
531 . 1310 1094 216 760 40805
i 1271 195 176 7568 40884
& 1296 1095 200 7663 4773
17 1300 1095 205 7405 41040
14 1313 1100 213 7300 41103
18 1314 1102 212 7178 41243
37 1362 110 252 6408 41123
W} 1335 1110 225 6710 41480
35 1404 fIL1 293 SST8 41283
6 1729 1115 214 973 41480
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134.0
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135.1

- 1311

134.0
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132.7
131.2

1359
134.5
134.0

136.6
130.3

1336
131.8
131.5
1364
140.2
137.8
167.4

130.3
4.3

111.8
1119
1120
1124
1124
1124

- 112.6

112.7
1127
113.1
113.3
1133
1137
114.3
114.6

115.1 .

115.1
1156
116.8
117.4
119.2
119.6
120.1
149.9

108.7
49

4143.0
4146.5
4150.5
4106.5

41338 -

4105.0
4154.8

4149.5.

41420
4173.5
4179.0
4181.3

-4187.3

4212.3
4194.3

42113

4253.8

117.1
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% Y ACT, REMOVE #10 FROM STATS)
2VICE'ACT  REL  DIF ACICR RELCR CUMHBN
163 1216 1022 154  $8L5 39228
§ 60 1231 1078 - 153 4303 40438
i 120 1234 1060 174 BSTS 39895
(719 1243 1000 242 8280 38748
T2 144 999 245 8500 383048
3L 1247 W71 176 8323 40258
] 72 1248 1082 166 . 8260 40655
. 52 1250 J083 167 8205 40573
1k 21 1252 1027 225  R333 39065
] 1734 1252 1043 189  R270 - 39985
i 66 1252 10SB 194 8123 39930
_ {765 1252 148 204 8150 W73
i 171 1254 101 163 E2N0 40893
| .47 1255 1007 248 gM.3 38540
57 1257 1064 193  S080 40160
|- 13 1259 1088 20.1. 8160 40110
- C16 - 1259 1083 176 8240 40703
49 1263 A5 28 8100 39388
26 . 1264 967 - 2.7 20 37755 ACCR.
30 1266 1042 224 @ 8078 39503
41 131 1093 176 7865  4088.8
;62 1272 1000 272 §038 38773
56 1274 1094 180 - 8030 . 4085.0
_ 36 1276 1021 255 7873 3983
; 31 1278 1060 218 7858 39878
42 1280 1973 307  TE6S 40338
. .33 1280 023 0 258 7850 99163
H . 64 1282 3072 210 7825 40%8.8
+ .45 1282  M0MT 205 TEL3 40448
- © 5 1285 1069 216  77RE 40343
40 1287 1031. M6 TTAS 39300
123 1289 066 223 7793 4D0R3
.61 1201 034 287 7713 39673
: 4 I1M96 1095 21 7663 4077A
17 1300 1085 203 7405 41040
; 11 130 1052 263 7613  3889.8
3 1 1301 269 7648 39248
- 27 1301 m: 220 7824
L7 1304 . T TM03 40498
70 1307 mz 215 7450 39305
S35 1308  LIS1 157 7519 . 41943
. ; 51 1319 1094 ° 216 7260  40R0.5
D12 I 11824 187 7443 41068
16 13L2 1119 193 7il3 41468
4 1312 1085 47 7333 4Di20
3 1312 1127 185 7390 41420
14 133 180 213 7300 . 41103
: 1 1314 1102 212 7178 41243
] P87 13L7 1011 246 . M9S 40368
.. 59 13L8 1064 254 7120 40140
il 43 1321 1000 30 7098 38970
1 | P73 1322 1151 171 6RSS 42113
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112.7

“11L35

101.1

110

1156
1124
1137
1118
112

1111
113,32

126 -

112.0
113.3
111.8

1143

1192
114.6
117.4
120.1
1168
119.6
111.1

145.9

108.5
51

214

732.1
112.7

4149.5
4148.0
38740

41430

4228.8
4131.8
4187.3
4143.0
4105.0
4173.5
41813
4154.3

4150.5

4179.0

41123

4314.5
4212.5
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4.3

4060.3
121.0
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4148. 0
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134.9 112.7
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1251?' 1“14 :
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131.9 104 &
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1291 103 %
127.2 108.0
121.% 102. 2
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18,2 T 108.8
131.7 107-1
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1Z3.1 107.8
130.7 109.2
125.4 109. 1
124.8 109.2
132.2 11%.1
tAS. P 113.9
13715 117.%&
131.2 111.9

20,3
g, a
9.3
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21.90
5. 4
17.7
97
T2
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- 21.0

206. 4
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“CA LA
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GROUPr PFULL ROURD RAFTON
ICE ACY  REL DIF ACTCH RELCR
1 152.5 137.8 21.7 13%.2 &4440.8
2 152.& 127.0 25,6  X94.5 4458.8
3 1580.9 125.1 25.8 CBAs.5 #395.5
4 152.7 130.7 22.0 27%9.0 4333.0
L 152.0 120.4 21.6 290.0 4352%9.5
& 1535.1 132.5% 22.6 227.3° A570.0
7 152.0 130.7 £1.3 20%.0 4338.8
a8 156.4 129.7 26.7 213.8 - 450].5
2 . 158.1 131.0 27.1 172.5 4ABR32.8
10 l4&.7 122.1 24 .4 428.8 4387.0
11 Lal.? 139.7 22.0 25.3 4599.3
‘13 131.7 1i%.8 27.1 305.3 403.5
13 181.1 '1358.4 24,7 100.0 - 44640.3 -
14 153.3 133.46 19.7 283.0 4588, 0
17 1547 132.1 22.8 24%.3  4560.3
18 1533, 8 132.4 21,2 272.3 A555.8
19 155.8 129.0 256.5 229.8 4431 .5
B0 157.0 134.4 22,6  191.0° 48398.Q
21 157.2 130.7 2& .33 182.3 4528.5%
22 155.3 131.2 24,1 233.5% 4533.8
23 142.5 130.7 18.8 b1 4525.0
24 181.5 140.5 21,0 F1.5 0.3
25 147 .0 128.4 18.4 40%5.% 457 .2
26 135.0 133.2 21.8 225.0  4548.0
27 154,32 | 127.7 26.6 233.8  AA4l.0
28 139.2 13%.3 19.% 135.8  4700.3
29 153.4 13%. 4 19.40 264.3 45612.5
30 155.1 32,7 22.4  230,3  4%89.2
; 157.1 = 133.0 24.1 188,85 4595.5
154.9 132.1 22.8 238.8 4527.8
154.3 1558.7 20.56 '198.8 4507.8
157.8 135.7 22.1 1556.0 2609.5
149.8 127.7 '22 1 I52.8 G Te. 8
7 I155.3  133.3 22.0 212.3 4583.8
q 159.2 125.0 - 24.% 135.8 4612.5
v 154.8 133.1 2.7 253.3 4576.3
: é 151.8 129.%9 21.9 A11.8 H505.3
130.3 125.1 23.2 A543 44]1%,3
3 152.3 141.9 20.4 83,3 4305.0
& 150.0 129.1 20.9 335.3 4458.0
144.9 122.6 - 22.3 448.3 #353.0
& 1681.1 134 .9 25.2 oe.0 4509.8
47 159.6 123,88 25.8 125.3  48584,3
187.7 © 135.0 2L.7 169.3 635.0
4 1%2.0 lL19.4 22.4 508.3 4802.0
1356.4% 131.7 25.7 2006.8 4559.3
153.5 120.7 22.8 25&.0 45345.8
15&6.3 134,.7 23.4 211.3 4512.3
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109.4
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5.2
24.3
28. 4
20.56
29.7
19,5
21.5
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21.3
12.46
26.9
23.8

. 2242

22.6
5.9
2l.d
23.2
25,5

20.8

22,4
24 .2

20.8
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18.9
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20,5
20,4
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135 .8
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7w
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145%.3
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DIAPHRAGM REDESIGN TEATING

Lrss  Maplrn (ophincae ] 4% plmd  shapt
Fesults from initial testing of high-vacuuw sxposure combined with
diaphragm life cycling have shown two candidatas for improving the
design of the diaphragwm: the rubber diaphragm (plus 3 pe. atandard
squars Kapton) and tha full-round Kapton diaphragm (3 pc}. Thia
tast compares various performance paramaters of thaaa two deaigns
plus a cantxal group.

Bngineering tests ilnclude: thermal cyaling, characterization at
tenp extremes, drift over lifa, and aging. Monufacturing tests
ipolude: atatistioal determination of act/ral average and atandard
deviation,

For anginearing evaluations, build 1/2 at low praload extrese (4
mils) and the other 1/2 at high praeload extreme (9 mils). To
choose pih on each of thesa devices, neasure Isnaor and _bass
individually, but assume no variability in pin, and no crimp ahift.
ror ostatistical evaluation, build all deavices using normal
production tooling and techniques, with thae atandard gquiet pass-.
car prelosd value of 6.5 = 7.0 mils.

Perform a2 quick check on the eng. parts using the auto. pressuré
tester, te ansure functionality. Rebulld bad devices as neacasary.
All davicas for eng. tests will nltimately ke charactarized uwsing
the normal mannal lab technique. All devices for mfg. statistica
should bé checked on the auto pressure teater, collecting data for
each device, T

EXPERIMENT SPRCIFICS:

Thermal Cycle

3 low pin/3 high pin per lot = 3 lots (=18) )
Preferred, Cycler B (auto temp ctrl); or COCPS cycler
Pre-chax act/rel

Fun cycler at approx. 0.1 Hz contlnucus :
Ramp from =40 C to +175 C, with scsk=z of 20-60 min (T-
B-D, flexible) at each extrane

Tast completion paint is T-B-D {based on fallures ?)
Final char act/rel, compare data for prea-post ahifte,
discrepancies related to preload, failures if any

* Disassembla, analyze (compr sat, diaphragm conditicn)

= F K X ¥

* ¥

S8BO/920928/file DIAPER.001
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Calibration S8hift at Temperature Ixtrenes

*

*
]
~

3 low pin/3 high pin per lot z 3 lota (=18}

Neasure aot/rel § RT, —4D0 C, +175 C

Rfon in any convenisnt oven - Delta (7)

Compare data for shift magnitude relative to control lot,
and discrepanciea related to preaload

Drift ovar lifa

¥ % ¥ B

*

Hoafelet
Statiatica

»

3 low pin/3 high pin per lot x 3 lote (=1B)
Characterize act/ral

Run in productlon cycler

Bun 1.5 lots (9} ta 350X cycles, remowve and char.
Complete 500K cyclea, char.

Repeat on resaining 1.5 lots

Dzaw graphs of act/rel va. # cvoles

-;}‘fnigh Tenperature Aging

2 low pin/2 high pin per lot x 3 lots (wl12)

Fon in Despatch oven

Charactarize act/rel

Prefill davices, install on manifold and fill (opticnal,
use fluid researvoir T-B-D, purpossly entrap air, which
will axpand to pressurize davices slightly whon heated)
Scak at 150 C for as long as feasible

Foat=char, lcok for shifts

Digassemble, axamina diaphraqe condition

Iryyy

Build romainder (approx. 75) from aach lot, on 77 line,
using xll normal technigques

Run sach lot separataely thru automatic prossura toster

Collact data for each device indiwvidually

Bad devices should ba analyzed for fallure mede; if not
raprosantative of productidn, toss daty

Calc. avg & atd, histogram for each lot

dospare lots for avg lpilnting concerns) and std {davict
vlriabilityi R

SBO/920928/file DIAPHR.001 .
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Potentisl oost calouiations Rov: A

Scenmo # Z; 1.0 100% S2/S7/7TT/87Ra conwarsion. ",
20 mmmmmm
3.0 )

Poteniial lsbor changa calculstions:
None anticipatect

Potential function test yisid loas change caiculations:
5% over and above current levels | L“’J._,”J;g-ar.'e.uil.'n

10% over and above current levels : 'r"w

- Mnﬁﬁuhm#h

AL A

Taisl tooling : |
MJS Rubberaxds 1092

+80.00

2.00
15.00

17.00

TENHTSA 011319



- el e——— . e

e L T

ESLIL R oo et S

Scenarm A 1:

Rubbar Diaphragm 100802
mmm Rav: A
YWhat-H scenmios

1.0 a Ford Alistrailis requirement,
20 siimination posalbis but not defirate.

‘3.0 Actustion sigme performance may be degraded.

4.0 Manual sefmscr beit usad

5.0 mdwwpﬂmm-ﬁm. 1.

Potertial material change calculations: WK
From stendard gaskst to rubber diaphragm : + 10.7

Mlmmwﬂm
From AMI to mamsl belt : +87.13

Potential furiction test yisid Ioss change caiculations:
5% over and ebave cument levels : +30.00
10% over and sbove cument levels : + 80,00

Foesible tooling for sosnario # 1: K$

Total tooling

200
200

400
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Fotential function test yield loss change calculetions:

Scenero #1: 1.0 Only a Ford Austraiils requiremant.
. Z.0 Kagion stimination passible but not definate.
3.0 Actuation sigma performance may be degraded.
4.0 Manual sensor-belt used. '
50 mwm-wm”"w

From standard gusicet to rubber disphragm : + 10.7 ..’W& : |
| 1% o

Potential libor change calculations:
From AMI to manuai bett : R LA ﬂ’ﬂ

5% over and above ourent lpvels : +30.00
10% over snd. above curmint levels ; +80.00°

Possibie tooting for acenarto ¥ 1: s
Rubbar dlaphregm: o
Meanusi ek 290

TolWtoolng: 400 .
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— FRELL
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1Icll'llﬂ LR H 1.0 -T0D% S2/57/77/87 pe convarsion, _ . ..

Potential meterisl chengs calcuteions: 1K

ma—éqmua-mmdmnmua
Nonw anticipated ]

" 5% over and above current ievels : +30.00
10% over and above current iwve!s : +00.00
Popaibls tosfing for scansirio # 3: Ky

" AM#Z feadichack upgrades | ﬁ_ :
Total tooling : | . 2500
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WOULD LIER IT %0 BE.

1 QUESA CMR OF THE WAYS I WOUTP CONGIDER IN PARSENTING QUR PEILOSCRHY CHAMGE O
FORD I8 .70 DRANW TFOM SPECIFIC EXPERIENCES. BAMED ‘OF THREE EXPERIENCES, WE
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TEERE IS STILL SOME COMPUSION OF OUR PART A TO THR FEXT TIME WX NEED TO SUPPLY

SANPLES FOLL THER CAPRIY
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. FORD TOLD.ME mmmzwdh RIC) ADCER OF UP

.00 AUSTRALIAN DOLLARS, (WOR=0.7

1-3: Vs BaLLAws l e lng mulw WM A

I mmm:mmrzsmmnmmmrmu
COULD YOU PLEASE EXVIATN T2k 47808 77

CALL ME 1IF YOU EAVE lm.

' RGDE, DAMNY
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-MES Mé "O=MJBEZ - SENT=10/1%/92 12140 AM
> " Rp100 s'r-r.: H{V=00 | COw00Z7C BY=DDD ATm10/13/52 12100 AM
Tter © HF.’LIE DOUGLAS CHP 1
- ZARN
I:upw - EPHEN B. I:H'FII..ER - 8801 : -
Fromi pop

DEITION AT THIS STAGE I2 THAT THEY REJECT OPTIONS .t &% Z AS PREDICTED.
EFER THE KAPTON WEH THE -HLIBBER HEEﬁUE WE HAVE EXPERIEMCE WITH THE

“JOR PROBLEM FOR THE l:ﬂFEl TEAM IE THAT THE TODLING MAB HEEN SIANED OFF
AND FOR|THEM TO NOW B0 BACK TO THE BEANE AND AEK FOR ANY m TOOLING WILL.

- #8 ABOUT THE LIMIT. ME ALEQ INDICATED THAT IT I8 FAR EABIER FOR THen
TG SION [dFF ON A FIECE PRICE J.'I\I:M (S IT DOESNT INVOLVE TDP LEVEL
 HANAGEMEINT BEAND).

.T wOHN HWIIED THAT TI'E Lll"! F THE CAPRL I'E ONLY ABOUT 30K UNITS.
ABON FOR THIS !8 THAT FORD CAN ND LONDER BHIP THE EHFHI TQ THE UA
¥Y DUE TO THE EMIGBION REGULATIONSE.

# ASKED UG FOR A BETATLET muﬁm TN THE“TOOCINGAND- DRVRLEPHENT | -

FOR EXAMPLE KAPTON . RUBBER
*BK
$10K
K *5K
2K *3K
' $12K 10K
D COST/UNIT  $0.20 $0.30

Hﬂl TIJTﬂL DEUELIJFI'IENT Eﬂ‘!‘l‘ WTDH = B2ZOK .
= B30K

BAY BASET ON 40K UNITS THE PIECE PRICE
ADDER 18 1 .
KAPTON =  $20K/40K w$0.5
RUBBER" = $30K/40K =h0. 7S

THL\\I =--> PIECE FRIEE ADDER IE 1

KORTON = $0.2 + $0.5 =$0.7 . :
RUBBER = #0.3 + #0.75481.03 - o

THIS 15 BusH H:':IJLIHTIHE BUT I HOPE IT ILLLIETHﬁTEB H"I" POINT. MY APOLOOIEE
IF I.AM TELLING YOU HL'.FH TO SUCK EGOS™ . 1

TUNHTEA 011331
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| r

1 D0 NOYF THINK THAT I UNDERSTAND WHAT 18 IWVOLVED IN THE DEVELOPMENT PROCESS
COULD YhU FLEASE EXPLAIN THE STEFS 77

CALL ME| IF YDU HAVE A PROBLEM.. .
RODS, DANNY

| THATSA 011322
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P LT I 1

b A R

REmO77 STel DIVeD(S0 TE=00101 HY=YPC1 ATeiO/L&/92 02#39‘ PH

= .
3MB0 M= QOODPASI FReYPCY TOEBO1  SENT=10/16/92 02139 M
“toh  DANWY D°DRISCOLL DOD

‘GCI  DAVE CIARN 2ARN
. 8TEVE OFFILER- ’E'.Eﬂ_l
'FR: GHARLIE DOUGLAS . oW1

EHEI CCFS VACUUM
'DANNY, BEING THAT IT IS NOW FFIIDFi‘t’ AFTERNDON, MY WIEDOM METER. HAS RUN DUT!

: ;HIEWEIEHT BEING 20/20, 1 DON“T THINK ANY (¥ US FORESAW THE LEVEL OF

. DEVELOPFENT / TEBT IMIQ THAT WOULD ACTUALLY BE REGUIRED TO FEET THE
; VACUUM RERUIREMENTS OF FORD., 1IN ADDITION, UNTVIL FEYER VISITED THE U.B., 1
DON‘T THINK AMY OF THE FOLKS OVER HERE REALLY APPRESTATED JUBT HOW
CRITICAL IT WAR FOR THE FIRET PARTE THAT WE BHIP TD MEET ALL FORD
RESAITREMENTS (1 AM NOT SUBOESTING THAT OUR EFFORT WAS ANYTHING LESE THAN
100%, HOWEVER, 1 KNDW IN MY DOWN MIND I FELT THAT - BINCE WE WERE BEIND ASXED
i ON m NUI'J.EE TO MEET A NEW/STRICT CUETOMER REQIREMENY, THERE WOULD BE SOME
+ LEVEL OF FOREDIVEMEBE IF WE HAD A FAILED HEUTGE RATHER THAN THE. DEATH

| PENALTY . . <D
' FROM A CONMERCIAL STANDFDINT, 1 DON'T THINK THELBIS :a-hurrt' AR BLEAK AS
' YOU.DO. THE TDTAL TOOLING AND DEVELDPMENT 18 RATHER THAN $B0K. WE WOULD

IBEALLY LIKE T8 RECEIVE THE #17K UP FRONT, AMD WE ARE WILLINDG TO AMORTIZE
THIE 40K OVER THE FIRST SO0K UMITS EHIFFED {ABKIN, IDEALLY THIS WILL EE '
THE FIRST COMRINEDN 50X SBHIPPED TO THE FALCON AND THE CAPRI). OUTSBIDE .

- OF 'EODLIKG AND DEVELDFMENT, ‘I UON-T BELIEVE THE SIECE COST MIIE.FI WILL COME
1APHRADY -

CLOSE TO' #. 50, MDHWTHEMWT IF THE RUBDER b

PROVES .OUT, THE 'PIECE CD8T ADDER WILL PM?BELEQEW#.IE. IN FACT,
IT 18 NOT INCONCEIVABLE (THOUGH LNLIKELY) THAT THE ADLER COULD ACTUALLY
BE 0.

. APONG THE TESTE WE ARE. F'l.ﬁlﬂllﬁ 18 ‘I'I:I.BUILH PHH'I'E .HITH RUBEER DIAPHRAGME

AND ELIMINATE 1 PIECE OF XKAPTON AT A TIME. THE HOPE I8 (AMD I EMPHADIZE
HOPE) THAT WE WILL BAIN BACK SOME OF THE ACTUATION TOLERANCE THAT WE LDET

IN ADDING THE RUBEER DIAPHRAGM TO THE BTANDARD DEVICE (AT THIS:POINT, 1 THINK
THE GENERAL. . FEELING. 18 THAT WE WILL HE ABLE TO ELIMINATE AT LEABT 1 AND
PROBABLY 2 FIECEE DF KAPTON - ADAIN, INPACT ON PERFORMANCE TBD!.

FROM A WIBDOM STANDPOINT, I HE.IEVE THE BEST HAY T‘l:l DEAL, WITH FORD IS JUST
T LEVEL WITH THEM. “THERE ARE CULTURAL PHILGEFNIGAL DIFFERENCEE BETWEEN
FORD U.5. AND FODRD AUSTRALIA. WE MADE A MAJOR ERROR IN NUT UWOERBTANDING
THEGE DIFFERENCES. 1T HAS BEEN MY EXPERLIENCE THAT WHEN YOU HAKE A MIBTAKE
YOU ADMIT AND TRY TO MOVE FORWARD (ADMITTEDLY, THIE 18 EASY FOR ME TD BAY

" ARSI DON‘T HAVE TO TAYE IT TO FDRO). FORD 16 MOET LIKELY BOING TQ BE UFRET

ND MATTER-WHAT YOU TELL THEM. AT LEABT IF YOU BTART FROM THE TACK THAT MWE
ARE AT SOME LEVEL OF FAULT, YOU WILL NOT RUN THE RISK DF HAVIND THEM TWIBT
YOLR WORDS AND UBE THEM FIE’RIHET YORL.

I KNDW TWE ABOVE PROBABLY 18 NOT THE WIBDOM YOU WERE LOOKING FOR. HOWEVER,
WE CAN DISCUBS THIS FURTHER ON TURSDAY..

HE'BHHDE EHARLIE

 TI-NHTSA 041335
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*Hé M . 2003509 FH'-H’DIJ Tnuma‘ EEHTII'JJI&.’?E 02141 AN
Rﬂ-lﬁa STal HIUHW?I. E':=‘."¢2?¢ ET*-HEH ﬁT‘l‘}fléKﬁ o2r h‘: AM

._Tém_p'. ::Hm,_:E BOUGLAS © oPL
-cﬂwl STEPHEN B. 'DFFILEH .. BEOL
i -'DIWID ¥ " ZARN

. MAT K ez,
Fridwt nﬂﬂu'r u"nmat:ui.r. DOD

PATET vﬁr;].nm :

_ SWMERE -TD YR -GU B4 : -
: ﬂus LIFE = TOTAL LIFE - 2.3YR& ‘THAT 18 FORD PLAN 'ru CEASE PRODUCTION
T THE “END- DF 1995,
> 1 BAMPLE 'BUILES ARE ON HOLD., wasss AT THIE STHGE I E:GTIMTE THAT WE WILL
[ MoW BE RERUIRED TO BHIP SAMPLES MID JAN. 1993 ssas I AM HAVING A IO
ITH FORP. AN Bt:m HE!T Fann'r IN rﬂ.mm AND [ WILL FIRD-OUT MORE
N- . '
> FIE DAVE'S . Tmmm Fnﬁn tcunu ABDUT IT BUT uE WILL nlscuﬁ 1T NEXT FRI.. I
MEED & :IETAILEI! PLAN FROM. YO EKMIHIHE THE TESTVING FLAN DVER AND ABODVE
THE EB. TESTING: THAT WILL TAKE YOU FROM EH LEVEL CONFIDENCE TO A LEVEL OF
mam THM HILL ENABLE' U8 YD 8HIP Paﬂni.n:ﬂnﬂ Pﬁn'fa. S

mpr:: Fl:iﬂn DP"FED FOR THE . KEFTON. BOLASTION Bennuas sn‘-.:uaa REPERT H1D0HL IGHTED

: . THE ABICOWN FIELD EXPERI¥NCE AND HATERIAL MARIABILITY :ABSOCIATED WITH
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Pﬁﬁg H‘P“I'Iﬂhl - FRﬂH A TﬂTﬂL EU!T H'ﬂ HETH ‘TI £ Y F‘;HD} l-‘ﬂl'.'l EELIAHILITT
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PARTNUMBER: FRVC-3PI24-AB
ACTUATION SPEC: 90 - 100 P8I

RELEABE SFEC: 20 PSI MIN.
ACTUATION MELEARE
120.0 a0
1432 748
1480 9 848
1440 - M8
1584 T MB
137.0 S ' ¥ |
137D 82.8
. ] : 191.4 .7
18 &7
i 1509 8.3 :
1424 858 - -
! 1504 80.8 :
136.% 80.8
120.3 . A2 _
. 1809 M9 . . .
i 1384 482
i 144.8 . "y
154.4 472 v
! ML 14 418
: MAX . 1808 - 740
ATD DEV: 47808 50160
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'”T+ M= 2213072 FR=DGD TO=MJEZ SENTAL1/08/92 12121 AM
| Réu140 ST=C DIV=0071 CC=00270 BYDOD AT=11/04/92 11:49 PM

dn STEVE QFFILER ' 2801
Coly! CMARLIE DOUOLAS - EMP1
. DAVID CIARN - TARN.
. PETER BURNER gAOT
| MATT SELLERS. MIEZ
Frqeit DANNY O°DRISCOLL pop
|_ .

- .Subji FORB AUST VACUUM ISSUE

'_ DISCUSSING YR REBPONSE WITH JOHN PECK AT FORD HE HAS COMMUNICATED

" FORD WILL ACCEPY THE CURRENT LEVEL CCFS, FROVIDING TI IS ABLE TD SUFPFLY
P53 THAT CAN LABT 500K ES IMMKSE CYLOES (BABED ON ¥0%X REL &% #0% CONF)
[ER THE VACCOM HAS EEEN. APPLIED FOR ONE CYCLE ONLY -- BUT =-- ONLY SUBJECT-
TI‘I"E I:EF'E Tﬂ' ?50 FEI IMPULBE NDT 14%0 PSRI. :

- U DO YOU NEED TO RUN ANOTHER GERIES OF TESTS TO FEEL CONFIDENT THAT THE

CPB CAN WITHSTAND S00K CYCLES at 750 psi AFTER THE CCPS HAER BEEN A
KEUUHUFOE—G.SMFWMNEECCTM? -
_ DO YOU THINK THAT WE HAVE ENDUCH TEST DATA TO FEEL CONFIDENT THAT THE
| GCPS CAN COMPLY WITH THE MORD. AUBTRALIA REGUTREMENT IIITH A SUITABLE
: FRI:TEH oF BAFETY?

BEC AND LAST SOOK .IMPULER CYCLES AT 750 PAI THEN DD YOL) FEEL CONFIDENT
! PCD CAN COMPLETE THE E3 VALIDATIGN (NEMEMBER THE 330 OTS LEVEL SAMPLER
NT BEIA A FEW MONTHE ABO7) BY THE 2WK IN MARCH 77

LEABE DUTLINE THE AREAR WHICH YOU WILL CLAIM SIMILARITY ON FOR THE
ALIDATION PACKADE 7 NOTE 1 FORD AUSTRALIA ARE WILLING TD ACCEFT
BIMILARITY CLAIMS ONLY IF IT I8 BABED ON NADD PRODUCTE.

ME IF YOU ARE CONFUSED. NOTE THAT THE TIME DIFFERENCE I8, +14.5HRB. I
| IT WOULD BE BETTER IF YOU CALLED ME THE BAWE TIMG THAT I CALLED vOU
"Eﬂ DAY .

' .. [ Kl §F YOU ARE COMFIDENT THAT GUR CCPB CAN WITHETAND 'D 3-0.5 mmHg VACULM FOR -

TINHTSA 011373
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10z D nny D’Driscoll Don
CCs  Pgter Burnm- B8AGT Charlie Douglam CMP1

Dave Czarn ZARN _ Matt Sellwg MUS2

K f¥ DiDomerico - DIDD alis
FRt Sppve OFfiles 8501
Bir Fppd Aust, Vasuum - Ye MSG 2218073
Dmnny,] thank you for your quick attention to this matter. [ think we re
getitin somewherse™ 1‘m veary plwassd that you‘va bwen able to get Fora
Australia to recognize the extreme naturs of the Impulse cycling paraneters,
And make the logical decision to reduce on® (pressure) to & mare realistic
1m1- ! :
I an -r to vowr gquastionsal
= N | I need to run ancther seriss of tests to feel confident that the COPE

Although I have nevar run any testing at 750 pei, I fesl pressure
reduction will have a large positive impact on diaphragnm life, I don‘t sms

a need far additional development/confirmation testing at 750 pmi based an
the redent good resulés at 1450 pei.  I°d like to run one Impulse test (at
740 pii after one cycle of vacuum ko 0.3 - C.5 omHg), and I°d like to use it
ol pa ﬂ of the official validakion teskt. . :

(r Be) ﬁ,-du 1 think we have snough tast data to feel confident thak the CCPS
can c ¢p1y with the requiresent with a suitable factor of safety?

% Far as wmy canfidence, it‘s pretty high. I praviously explained to
at in the pamt we’ve ssen quite a bit of variability in the diaphragm
lifu ¢f different lots, and I muspact this situation hasn’t changedy honever,

. with the pressuwrs reduction, I feal this will put us Far sndugh sahesad that

kthw v #leilitv shouldn’t be a problem.

.Th- £ ttur af safety is actually bullt ilnto the statistics. The high wvacuum

kast ot (& devices) with & Welbull-calculsted S01.3K cycle Life at 0% rel
% FO%|conf. didn 't start failing until B4&K cycles. The official validaticn
tast uees 24 devices which provides much better statistics. The following
equat ion indicates the sample size reguired to pass & test {"sUCCers
Eestipg”? with a given confidence (C) and reliability {R)1

i in (1-C) 1n{1=.9}
A W =eoooam--- - Y R T——— - 22
; 1n (R} R LI 2

I“m quite wure the ES~dictated sample size of Z4 is based on this. ALl I
hava {to do is get 24 devices to run S00K cycles with no failures and I have
demonstrated the required reliability and confidence. Thare’s no newd to
carry the test through to failure for applicatisn of Weibull.

Q> ﬂm I confident that we can cosplete the EB validation by 2nd wk March?

ANE> [ten. And a question for you, Dannyl since we already submitted 330
partx, do we nesd to send any wore {as part of the validation) 7

QUS> |Rleass autline tha ardas which I will claim similarity cn for the

TI-NHTSA 011374
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'Y an T4 products which use assentially indenticel materials, design, and

is bassd an my MBSO 110501 dt 14 Aug %2. The only diFF.P-n:-l

the Capri part (L&-1) and the gquist NAAD part (L3-1) are the color
F" (sams matarial, UE "NoryI" modified FPD) and the o-ring vs. tha
|nlt41-t=--tn1 ‘naal. )

'FF-FIHCII Rave no lFFl:t on sxternal tests or tarminal fcontact tests?
Fluid resistance, Humidity, 8alt Spray, Terainal Strength, and Vibration.
We ll clais similarity on these.

Tasta o :h ares affected are those relating ta the fiuwild saal? Bursk,
Vacuum, | Thermal Cycle, and Impulsse. Wa will run thess, using the praduction
O-ring f couras. I will combine thi Vacuum and Ispulss an I mentioned
abdwve, uping the naw pAFIREESrE. .

Ragards, !Stave 0.

FE Dadny, 1is the time diff 14.3 hours? We just went .off daylight svs and
I belisve you went on at about the sasw time, if s0 13.9 becomses 17.35. UWhen
vau called the ptheir day it was about 31135 pm here, and l thaought you sald
it was 145 am there.

TINHTSA 011378
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. 70: Danny O'Drisooll DOD

CC: PBeter Burns: BAGT
Dave CEarn IAEN
Jaff DiDecewaniso DIDO
Chazlis Douglas Gkl
Chzls Wagnar Com3

WR: Stave Offilgr - BR01

BY: TTRAL6-1 yr MABGe 2232434 & 2233019

“__—_

PREGIURA CEANGE FRoM 1430 TO 730 TO 1000:

I ogmmnicated thet the reduction to 750 psl would belp t
] in diaphragn life test results, and as you ndoht expect I think

5

cyoling pres . l‘:ltu:n -pul lhuh]. I Ih ba
gat the print to Mustralia within s oouple of waaks affter wa agres
Cest pazamsters and the cootant of the note. .

on tha
O-RING:
W8 are to dafine the styls of mazking tha O-zing and working with
to define & suppliar. 'Tha ssaa EPDN O-zing will be used for
3723L3-6, which we sell to Dans-Weathazhead bhere in tha US. Thersafors, we
ars trying to limit our suppliar salaction to one who iy oo Daoe’'s prefezzed
suppliar List. Chris Wagnar (dasign resp 8 4] is haading this
effort. He's disooversad the : o be a pigomntad Teflon
coating. It is superier in terms of visual indentificstion ralative to paint
maxzks or dots becanse it ig : .

choose. It also facilitates sutomatic feeding and installation, which for
uncosted O-xings requires talac powdar to kXesp things mowing smoothly. We
hive recaived quotes from several suppliers, and we thiok we’va identifisd
:h-l.owg;;.ui Ihmgimmuuuﬂ—t-n!q-lmﬂuhum,!m

. i a titiy of thasa pazta, I’ va  for my

L6-1 330 pa OTS: |
Yes, wo made thase parts to the NAMG silent spec’s. TI-NHTSA 011376

As for timing, whethar theee wars made aftexr MAAD validation i3 a good
question. We shipped tha 0P8 in mid-July. Wa started tha L3-1/L5-2
validation testing oo 15 April, but did not oocmpleta the writeup until 17
Augquat. Tha resscn the writeup was oot completed soonsr ls bacausa we
actually began shipping L3-1‘s to mest an esezgency nesd in the March




T have nct-yet bean abla to cbeck if we bave any data on the
| | for the OFS. I71l hxwe to gat back to you on this in a day or two.

. ' done
negotigtisony for tha vacuma and Inpulas, so oy original timing (which
providas tha IR to BCIA by 12 March) allows time te gat l_.'l.l. thiz workad out

i INTT A BE TTCT SN
{Regurds, §tawe O.

THNHTSA 011377
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. To: SYRVEEN B. OFFILER mo1

' Copy: DAVID CTZARM o ZARN

: CHARLIE DOUGLAS Pl
}m:nhinu'mm, " poD

Fm: COPE - CRARRI

;m nnmunmmu:nmﬂmm I WILL GRT BACK
|70 TOU IN DETALL TOMMCRON.

:-mnammmmmmmmmmrmmnw
mt, mmmmmmm:!u.
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‘%0: Daoey O'Driscoll e

6c: Dava Ciarm | SAMt . Charlis Dowglas :un
T  Stave OfEilap ol ' '
57: Caprl Impulss Bpecificaticas (ref yr msg # 2354173

" Danny,, I'llﬂnh“wwluth:.unm:ul—nn

Sreamura: I hawe no nhllthul.-l i. Tha

1)
straias/ewtiessan on tha m‘- from it tvaral
pnnm . With = devioe asund 123 pei,
aoat of tha tnﬂl-ﬂlln s funt Rundzed
nmi.l -I.m a8 the seanex iptstnal somponants. AR
by cuposuzs to aleveted pressases tisphzagm
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