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GM GAGRE BTYLOY FOR REFEATABILITY AND REFRODUCISTLITY (LONG
BT, WY 12 TR :
SOuMD FULGE SILENT EWLTCHES

MELMAER OF OFERATORS a2 MiM EFEL
MUMBER OF PARTS 10 HAN GFER
MUmBER OF TRIALS pr TOLERANGE

DATA SUMMARY

HPERATOR AVERAGE RANDE - \
JEEF 23,95 1.5 (1M '“V'E)
HGWARD a4, % Z7.8
3 NA NA
4 N NAL
5 NA NA
. oA Ml
7 NA N
& NA NA
¥ A NA
10 NA NA
AVERAGE 41,925 22,18
MIM XBAR 8.5
MAK ABOR 44,5
ABARDIFF 2, 95
MEABUREMENT
UNIT
ANALYBIE Y TOL ERANCE
REPEATABTLITY: 101. 1281 14, 45
REPRODUCIBILITY! 0 0. O0%,
RPT % REFR (RER)D 101, 1281 14, 45%

NOTE! AL CARLCILATIOMNS BASED OM 5,15 SIigMA (#»9%)

ME THCD

=200
SG0
oL
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EpMTER Bt TITLES IN CELLE As.AF.ALe, MINSMAY SPREC N B1E. BlX
SNUND PULBE SILENT SWITLCHES

MiN SFel

MBX SPER

TOLERANGE 3

DATA FOIR OPERATOR JEEF ‘

mV  TRIBL P
FART 1 z 3 4 = AVG RENGE

1 a7 52 -7y 2.4 44,5 15
2 -12 -7 - . R -9,5 5
= 33 G ey o 16.5 e
4 -z2 -13 — 1. - ~17.3 .
5 29 10 iy o ¥ 24,5 -
& la.z o ¥ Z14 15
7 -1 -4 - .c - -85 o
= o 30 B .5 15 30
2 L1 55 2.95 2.L8 =L, 4
0 45 AOD 2 4 3,88 4.5 i1
i 175 Yo #-515' [~ R NR "
12 - Xu ]s N& 0
1= - = 2.7 =232 g, T N ]
14 g'_"" £3§ 0a-1 a Tp et T 3 -t (] o)
15 Mk [n]
1& MNA 1
17 NA 0
15 MA (|
17 NA Q
20 NA ¥
1 NA 0
e NA o
=3 NA O
24 NA o
z5 NA 0

CRND AVEI  30.95 AVG RMNOE: 1h. %

uCl FOR TNMDIVIDUAL RANGES . 72.2&800

Cok = {uu-?]

UC‘L,T = X +82R v
Ly
fltzre aorizet J sL = ¥ 1 ISk
= #5:?? _ = ¥i-T 4 3(‘-1]{'_33.]
cox = 17 AR T 3Tz
= Jyw 2 (3o} (22.15) Lse = ~23IM
= qja “f
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naTaA FOR OFERATOR HIWARD

T Bl
AT 1 £ it

1 (4] &l

z LYy 2

b =0 Ea

4 2 b

5 17 ]

& 191 1553

7 -8 P2
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) i) 1%

4] 21 &=

i

12
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18

17

15

1%
=0
21
22
=
2
25

GRMD avGs: 0. ¥ aYE RNGEE

UL FOR IMDIVIDUAL RANGES 72.3£403

27.8

AL

RANGE

1373
24,5
o

13
1685

15,5
445
7.3

MNA

Mo
MA
1=
NA
-]
A
P
L2
MA
M&
MG
NA
[P

28
i4
23
2
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e
=0
23

|
B

—
CoCooO Q0O oGO0l



ot GAGE STulY FOR REFEATARILITY ANG REFPRODUGCIRBILITY (LONG mMETHOD
Tl Ay F /PR
MOTET BWITOH FulSE LEVEL

MUMBER OF OFERATORE 2 ) il GPEC "=1500
MUMEER DF PARTS 1B MAKX RPELC 200
MUMBER OF TRIALE z TOL_ERANCE ASO0

DaTA SUMMARY

OFERATOR AVERAGE RANGE _ 5
JEFF Hig.% 454, 8 (_.w my S)
HUWARLD i110.55 o7.7
3 NA A
g NA NA
5 NA (=)
& NA Na
7 NA MA
a NA A
¥ Nt NA
1G NA NA
AVERAGE DEZ. VRS 291,25
MIN XBAR 214.9
ANY ¥BaR  1114.55
ABARDIFF 295, &5
MEARSUREMENT
UNIT
ANALYRIE % TOL.ERANCE
AREPEATABILITY: 1329, 731 37.9%%
REFRODUCIBILITYS® 1033.113 29, LL%

RET & AEFPR (RER)I1D 1486, P4% Ak, 20%

MOTE! ALL CALCULATICNS BASED ON 5.15 STiMA (S

Cri: vsl=R

2 o
usL= K+ 30 Sk
= vz 33
= jeas



GRTE FOR DPRRATUR HGHERD

TRIAL
PART i Z 3 a = EG RONGE
1 SR 1085 1011.5 147
» 11360 #94 1062 136
2 SAL 1 oG e 4l
il 13210 1290 1330 a0
5 1280 1230 1285 10
& S0 i G40 1000 S0
7 e’ 1322 574 255
= 1220 1280 1250 50
¥ 1150 1340 1145 10
0 104D 1094 1048 S,
1L o 1013 % = {ire¥ NA Q
2 fes.] ﬂi g
iz 3 Err!r rn. =} = -
14 i NA )
18 NA 0
L . NA 0
17 Ha Q
ig NA a]
i9 | NA o
20 NA o
21 NA o
ey MNA ¥
=3 NA A
24 NEY 0o
s NA 0
GRAD BVGE 1110.5% AVE RNGE! 87.7

ulhk FOR THNLDIVIDUAL RANGES %S51i.5137
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EMTER STl TIYTLES In CELLE &= @% Atd, MIMNAMAY SFEC T 817, EBILI
NGISY SWIYOH PUALESE LEVEL

Mmin BPEC
MAY SPED
TOLERANLE 0
DATH FOR OPERATDR JEFF
TR,
FART 1 z c A 5 AYG RANGE
1 671 1000 B35, 5 329
2 L9 4 1091 892,59 397
| -7 1005 (2ic ) | 24K
4 177 132t 749 1184
5 77 F103 230, 5 A7
5 173 1090 &321.5 917
7 723 1117 F2G 54
= 707 1254 PB1. 5 349
2 Bl IR 524 262
10 715 7 : £45.5 241
it NA o
12 NA O
13 Nt 0
14 NA 0
15 NA 0
is NA 0
17 T L+
13 MA 0
i M 4
20 NA o
21 NA 0
Zz ‘ NA )
23 NA o
24 NA a
25 NA 0
ORND AVI*  &14.9 MG RNGE?  494.8

vl FOR THDIVIDUAL. RAMGEE 9351.5137
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Texas insirumanis
Proposed Sitent Switch Specificalion -REV B
77P8L3-1

Tha following modifications are suggested 1o the Ford ES spac to cover silent swilches.
Nl TEST PROCEDURES AND REQUHREMENTS

N. SOUND LEVEL
1. Tast RAsquirements

The test shall only be conductad it specified on the switch drawing.

a.  Check switch sound lavel &t room temparatura (16°C- 35°C)
using DOT 2 braks fluid.

b. Mount the ewlich in the test porl of a pulea testaer. A high
Frequency {>10 Khz) reference transducer must be located
within 3¢m of the sensor. The relarance Transducer must be
able fo resolve 1o 0.01 psi. The passage batwean the switch
& transcucer must be a stralght Ine. The passage must have
a minlmum diamster of 300" -

o Blesd tha gstam to remova alr from the lines by
pressurizing the flukd or pulling a vacuum.

d. Apply a single pulse from 0 to 3,448 KPa +/-345 KPa (500
i +-50 psi) at a ramp rate of 700 KPa to 2,500 KPa/sec

101 psl - 362 psiisec).

8. Monltar the electrical swilch point during pressure ramp up
uging a 1kohm load resistor and 5-12vdd supply.

2.  Acgeplance Requirérnents
8.  During the pressure ramp tha prassure al tha naf transducer

l;ms:t'ﬂmlhawanagaﬂvasplhau!mmlhm-m.mkpa{-

’ A negative splke Is defined by the distance from the firet
Inflection point in the préssure ramg to tha bottem af the first
following valley. The Splke (If any) can be found within
approximetely 200ms of the elaciiical swilch signal.

DRS92-33/7-24-92
Rev-B, Lower sound Imi added.




Proposed Validation Requirements.

N. Scund level
Production Validation, 12 paris, all must pass

1P-1, 6/mo, all must pass
IP-2, 12/6mo, all must pass

The flow chart weuld be madified fa show that 12 parts would be sound lested prior
to being used for vibrafion {1}, vacuum( K}, temp cycle (L} and Impulsa (E}. Thres each
would ba tested prior 10 the tesis. it would then go through the test with tha ramaining
units. After | KL, & E am complele the same pleces woukl ba checked for sound

again.

DASe2-33/7-24-92
Rev-B, Lowor sound Timit addad.

TI-NHTSA 005482




HOW TO MEASURE A TEXAS INSTRUMENTS, INC. PRESSURE SWITCH SOUND PLILSE,
77831 CRUISE CONTROL SWITCH

1) View the tracae at full scale on the oscilloscopa (no axpansian).

2) You will sea two linas.
A sloped line which is the pressure at the switch (solld line ).
This lina may be stralght and smooth or It may have a ripple. The rpple
Is the sound pulse

A herizontal and vertical ne, {dashed). .
Thia line maasures the valtage across the awitch, When the switoh opane
the line jumps vertically from the boftom of the page 1o the top of the
page.

3) With the trace stll on the scope zoom Into the ripple In the curve.

4) Move the curser fo the visual peak prlor 1o the first valiey, For swilches with no
rppla astimate the polnt of major elope change to a nearly level ing.

5) Reset the voltage to zaro at that level.

6) Move the curser to the bottam of the first valley and read the voltage.

K the swilch is quite use &A instead.
8A) Move the curser o the next r siopa change, usuaity at the end of
a short fist section. This is a visual estimate and as such in sublect to
Intempretation.

7) Multlply the livalt (ref transd le factor) to obtaln the
n;agnmgy of maw 9 Inh!'r;:rd&.-’{}l:m 0 oot sea :

DRS92.38, 7-27-82 1

THNHTSA 005183




HOW TO MEASURE A TEXAS INSTRUMENTS, INC. PRESSURE SWITCH SOUND PULSE.
FOR 77PSL3-1 CRUISE CONTROL SWITCH

The same technigqus warks on a plotted curve.
A) zoom Imna the ripple.
B) Plct the curve. Figure 1.

The scales for these lnes are Indicated In the boxes on the kft. The right gide of the
box | drawn with the same line type as the actual curve {golid, dashed,eic)

V/D = Volis per dlvision
Vy = voltage et tick mark naxt to Vy on left side of page

There are 2cm per dhiviglon an the y axis

T/D = Tima par division
TL = time at left adge of page

There are 2.5 cm per cdivision on the x exs -
C) Using a ruler measure the distance from poak to valley in centimeters.
D) Muttiply that figure by the vid valus to obtsin the height in volts,
E) Multiply by 50psiivolt 1o get the pressure reeding.

DRSS2-38, 7-27-92 2
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S81S00 VRLHN-L)

swirclh g 33 |

V/D 2, 500e0
Vy 4.560000e0

T/D 5. 00e-2
TL -8, 892002

V/D 100080
Yy 2.178000060

T/D S. 00e-2
TL -8, 520s-2
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MG 050 134 PCME MDEE-Z MFPC CPEPC ZARN

T3: BILL SWERT PLME
DAVE CEARAN EARN
STEVE OFFILER 5801
DALE AOGGE bpigt)c)
CLAIRE: BALTHABAR FCha

FR;1 MATT SELLEFRA wIg2

8J: 7TTPSL3~-1 CALIBRATION SHIFT STUDX

ATTACHED ARE TEGT RESULTA FROM A STUDY TO DETERMINE THE CAUSE OF
CALIBRATION SHINTING THE LINE HADS BEEN EXPERIENCING ON THE NEW
TTPELI=1 QUIBT SWITCH.

IN ALL, 15 TEST LOTH WMERE BET UF; ERCH WERE MADE EFRIOM THE HAME
COMEONENMT LOTS. MANUFACTIURING YVARIARLEE ARE OUTLIMED ON THE
ATTACHED SHEETA.

WE HAD BIPECTED THAT AN INCREASE IN DIAC PRE-DEFLECTION WCOUDLD
POTEMNTIALLY JHCREASRE ACTUATION AND RELEASE VALURS. ACTURLLY WHE OAW
THE OFPFOSITE. LOTZ 'Bf AND 'G' REPRESENT TWO ATTEMETE T{ INCREASE
DISC PRE-DEFLECTION. ‘B’ HAD 2 SPACERE WHILE 'Glf, G227, AND /G337
HAD THE STEFFED DOWHM WASHERY AT INCREASING LEVELS. IN ALL CASIES
ACTUATION AND RELEABE VALUES DROPPED FOR LOTP 'B" AND 'G". DOES THE
PROELEM LIE IN FPLACING EXCEISIVE PRE-DEFLECTION ON THE DIESC? I¥F 50
THERE SEEMS TO BE A VERY NAFROW WIMDOW EBETNEEM LOOSE (RATTLING
DIZC) AND EXCESHIVE FRE-DEFLECTION. THE DESICH LAB CRIMPED PARTS
AH EXFHOTED WHRE SUBSTAMNTIALLY HIGHER IH ACTUATION AND RELEASE
VALUES.

PLEME REVIEW AND ADD YOUR COMMENTA.

REGAODS . . . MATDT
X1.245

TI-NHTSA 005130
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EL2-L

IEISN JF EXFERIMEMTE

ey

5T LOT

al
A2

LRMP
|

i ETER
a2 fs?

. 2Sid
L AFTS
LY MR LS
0. 2212
Ga 2785
& 2798
i 2R03
. 2798
w27 ¥0
Gig 2790
278N
(2w Bd Bl
i ZEGS

O 2795

AmIT

AMmI

Twin SpAcers

Q,—.L{l Ptk gkrt(‘f

MAT Lo%2

SENSOR MEASUREMERTS

CRMP  RANGE DIAM

H1GH LOW
0.282% 0.0047 1.1585
0.2847 0.,0038 11610
D.234% QL0059 L. 1592
D.ZE18  O.0U3F 1. 1énz
G.2e51  9.003%  1.1590
3.2857  0.004S 1, 1572
0.2860  .005% 1,159
0.2862 0.0067 1,587
. 2558 L L e da lal
0.2843  0.004%  1.161%
0.2845  0.0055  1.1610
0.2875 0.0045  1.1407
0,2797  0.G047  1.1412
0.2215  0.005%  1.1617
$.2891  O.w02&  1.1998
0.2642  0.0047  1.1%9%9

wa [pre-crinmp

Mo [Pre-erimp

PIAM
HIGH

l.152%
1. 1644

1.i514
l.1a51
1416255
FLLELS
1. 1628
PR b
1.4300
1.1482
1.1645
1,172
1L IAFS
1.4723
2 P

1.1959

RAMGE

0. 03
0. w34

0,022
0. Q04T
R ]
ﬂ.£Q43

0.0083
G.o028

Q0. D20
(1, 0030
0. 0033

c.011%
DL D0ES
0.0105
£.003%

2.0043

SENSOR

0. 0467
0,471

VS )
0, 0&7q
(FP S P
G. 0475
0, 0473
DQ.0474
0.0474
0, 472
0. 0475
&, 0472
0.0473
0, 0477
0. 0472

0.0472

FIKRISHED LOEYICE

ACT REL LIF=
124.4 5.8 28.4
127.7 7.5 277
121.9 72.48 s
150. 9 1.3 2F
133.9 Lo7.2 24, .
132,49 Lo0. & 3l.0
134.3 ?F.7 4.
135.3 104.8 0.7
133.2 19%.5 7.7
128.4 100.5 28,1
i2d.8 P& 3.4
112.3 8e.2 30,2
114.7 B%.8 ¥
112.9 62.0 an. G
148.% 127.0 21.%

TI-NHTSA 005192



T 3= MAY 1992

ZSIGN OF EXFERIMENTS

oEY w CRMF CRMP  RANGE DImM OIAH RANGE SENEOR aCT
Ly HIGH LOwW HIGH

o
F
=}
=]
L
-

Al C.I7BS  ,2020 O0.0035 1.1S80  1.1800 O,0080 U.04548 121.5  ¥A5 27.9
2 0.2765 0,2605 0.0040 1.1500 1.1620 0Du.002G D.0467 132.1 100.]1 31.9
3 0.290% 0.2850 O.0045 1.i565 1.1450 Q.008F 0.9470 124.T 94,1 2.3
4 0,2730 0.2805 0.0055 1.1%60 1.1%45 C.Q0D5 {.Q467 DUMHY
5 0.2805 0.2865 O.0060 1.i540 1.1685 0.0045 Q.0471 121.9 94.4 27,5
& 120.5 3.4 27.0
Z { o e 1395 537 3@
n |-"| h ; - [ =
? Lot iy = o 130.5 5.0 45.5 DFHI
4, 10 e P,f\? DFHI
V! = Lo 128.4 107.1 21.9
12 i £ 119.2 72.4 26,8
12 Y 117.2 54,4 25.8
13 128.&4 102.0 Z&.4
s 119.5 &k, 9 2l
14 1z9.9  2E.0  43.8
i7 122.3 tdL.2  21.1
18 127.5 #2334
19 i24.4 LuL,83 2.
e 1.35.4 LE7.7 5T
21 124.2 9B.2 26.0
12 119.9 9.2 21.8
23 126.2 92,1 33.1
4 115.% 4.4 23.5 -
- BAR 2782 0.292% O,0047 1,1565 i.1424 0.008% 0.0469 124.4 95,9 26.4
MA 0.0022 0.0024 0.0009 0,003 0,0041 {.0027 O.000f 4.3332 £.1437 4.3570
AZS 0.27%0 0.2840 O0.0090 1.14615 I L4670 Q.0053 ¢.0874 127,32 100,00 27.3
26 U.Z600 0,290 0.0050 1.142% 1.14%0 O0.002% 0.Q472 12%.1 (00,3 29,8
27 0.2810 0Q.2835 O0.0025 1.1620 1.1445 (,002%5 O.0471 126.2 99.2 27,0
22 0.2765 0.20%0 0.0065 1.1590 1.1800 0.00L0 0Q.0470 133.3 37.9 43,5 DRI
27 0.Z600 0,2860 0.0050 1.1400 [.1435 40,0055 O0.086F 137.& 111.4 25,2
30 12%.2 2.6 F.&
21 i29.2 o031 =1
32 130.1 93,4 346
33 Ad A 126.6 104.4 22,1
34 Lot o~ 130.1 100.2 29.6
33 et 17  9%.7 3l.0
P = oyl 124.4 L0&.1 1B.3
37 am _erd ) 123.5% 100.1 28.8
38 - ore o 131.7 106.0 23.7
39 AT Pm'P 124.& 129.7 DFLOES. 1)
40 Low 127.5  99.7 27.8
43 pb 119.2 95,7 23.%
42 i%2,2 &0 52.5 IFHI-CA
43 131.9 4.7 3.2
44 129.4 104.3 25,1
45 119.1  $3.7 25.3
&b 123.5 953  30.2
47 124.2 54,3 306
43 122.4 %2, Fe g
-BAR 0,270 0.2047 C.0058 1.1610 1.1444 0.0034 O0.047% 127.7  99.%5  29.7
IGMA G002 0.000% 0.0021 0.0013 0.0024 0.0019 C.O002 42045 8.9%44 7.3570
TI-NHTS#WH‘IHE




o i CRMF LRMP  RANGE DTAM DJAM RAMGE SEMEOR AT REL  DIFF

LON  HIGH LDW  HICH
Bl 0.2780 0.2820 0.0040 L.S950 1.1620 0.0025 0.0474 114.1 92,4 215
2 0,608 0.2850 0.004% 1.1595 1.1600 ©0.0005 0.0871 124.2 86,3 375
* 0.28706 0.2845 0.0025 1.1565 1.1500 0.0015 0,0473 113.0 88.4 28,6
4 ©.2820 9,237 0.00%5 1,1985 1.1603 0.0020 0.0471 115.0 2.9 2Z.%
5 0.2825 0,2655 0.0000 11600 1.15685 C,0045 0.046F 127.9 102.3  25.5
5 5 126.9  $7.4 20.5
7 g 127.5 861 419
2 ' \. @ bPF ti4.4 B7.5 3.9
3 . “x 122.4 94,2 28,2
10 L"‘)/u-‘ oo , 116.5 9.2  17.2
1 « Bt 129.6 103.1 285
iz . L* et 119.0 93.2 258
13 h,-r'-i' 118.6 O#.9 227
14 - 122.5 98,7 27.4
15 128.7  ¥m.3  29.4
3/ 16 124,80 101.4 22,4
07 120.3  98.4 29.7
19 125.4 78.8  46.6 DFHI-LR
19 11z.0 8§9.4 22.5 .
20 124.0 24,5 29t
21 116.7 85.4 3.4
72 126.2  94.8 %4
23 127.6 81.0 46,5 DFHI
24 115.1 &%.5 25.2
-BAR 0,232 0,2374 0,0035 1,036 0,9678 0.0022 0.0472 121.% 2.4 29.3
GHA  0.1047 0.1062 0.0011 0.4810 0,4328 0.0013 0.0002 5.17%6 6.2%59 7.4%07
TI-NHTSA 005194




DEY # CRMP CRMF  RANGE 4IAM DIAM  RANGE SENEOR ALY REL. DIFF

LOW  HIGH LOW  HIGH
€l 2775 0.279¢ 06,0015 (.1620 1.1675 0.0055 0.047L 14i.6 94.6 47,0 DFHI
2 G.i785 0,252 0.0040 1.1605 1.1660 0.0053 0,0476 [35.8 102.3 31,95
3 Q.2773 0.2900 €.0025 I.1a00 {.1450 0.0050 0.0478 (33.1 1954 25.7
3 03775 Q.2835 0.0080 i.1%90 111855 G.0048 0.0471 132.5 10319 284
§ 0.2745 0,2020 0.0055 1.1595 1.1415 ©.0020 0.0477 115.1 9%.0 24,1
& 132.7 100.8 31.9
7 1272 1008 2a.4
g 138.2  ¥.7  36.%
3 c 125:0 973 7.7
10 o7 ,qr 128,85 2.2 283
i - s gt o
3 T T T 1297 102.7 260
AT V- - T die 181,4 110.4 33.0
A 15 - Tulie Y ). 130:1 ibd.4 287
L& 218 25 126.7 100.7 26,0
17 LA 3 1303 106.9 234
15 el 126.9 2.7 34,2
1% 126,0 Ph,1 29,9
z 124.& 106.3 177
z 132.9 96,4 573
32 23,6 104.8 19.0
23 128.1 104.3 33.6
24 132,5 100.1 32.4
-BAR  0.2777 (.2Bl4 0,009 1.1602 1,1451 0.004% 0.0474 130.4 100.5 29,9
IGHA  0,0006 0.0017 0,0017 0.000 0.0020 0.00L5 0.0003 5.5714 &.0475 &.6147

TI-NHTSA 005195
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2, 26807
0. 2340

D.ZE0%  O.282F
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0.0013  0.0025
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Da 40
0. 0043
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DIAM
L0k
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TO:  Mati Sellers ér39z
Dava Czam
Steve Offilar
Dick Gariapy

FR: Dale Sagge
gi:  Quiet switch prelad

| have completad the preliminary cepacitanca ve praloead study. As you may recall we
proposad that capacitance could be used to check each device from possitée mis-

ning prior to shipping. It was felt that il would be a more ugeful test than Hypot.
ﬂypot only checks for long pinnad davices whaera as capacitance checks for both tang
and short pins.

Thera is an excellent correfation betwesen ﬁoacltanuﬂ and prelcad as shown in the
attachad figure {r=.85). Tha carrelation Includes twe seits of readings taken one day
apart, so repeatability seems to have littke effect.

Twenily devices from production were meesured to get a feal for our production
capahilty. Thass are shown on the attachad qrraph. Unfortunetely we are not capable
to the imits of 3.5 and 9.5. Cpk is 0.67. The daia also shows thal we are not
centered at the 6.5 mil tanget.

In ﬂtﬂ of this lack of capabillly | stmngly recommend thal we add a capacitance test
to the final tester. If we don't it in place then wa cant figure out what we have

to do to improve. Matt has agreed to coordinate machanization to get this built.

| also strongly suggest that we add this on & sample basis Immadiately to set if some
bad parts are gefting out the door. No one currently has this as an action tem.

We temperarily installad the cap tester Inskia the final tester and found that we got
identical readlngs toYhoase taken In the lab. This maans that we dont have lo worry
about electrical noise i cabled properiy.

rds,
Da

TI-RHTSA 005204
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JEVICES FOR CAPACITANCE TEST HY DES.ENG. L e
' f | Capaticance [pF) :
JEVICE & FIN ‘SEHNG0R  BASE PRELOAD 1lat readiZnd read{3d camdl avezaga FEREDICTED
) ’ ' : ¥y=1,65755639+) . 014273174 x
3-1 0.1400;, D.0443! 0.0926; 3,1000; 1.69007 1.7080 1.6990°1.7018
3-2 0.1396; 0.0441, 0.0320: 3.5000] 1.7700] 1.719Q 1.7185:1.7075
3-3 0.1337: 0.0450] 9.0%14) 3.300Q0) '31.710Q0' 1.7130 1.T7115,
3-4 0.1400, 0.0443] 0.0926) 3.1000; 1.7100] 1.7140 1 1.7120;
3-5 0.1400] 0.0447] 0.0%17] 3.6000] 1.7200] 1.7214 1.7205]
3-1 D.1401) 0.0441] 0.0817) 4.3000] 1.7206! 1,7240 1.7220
§-2 0.1401] ©6.0442] 0.0814] 4.5000] 1.72000 1.7220 1.7210
4-3 D.13%8! 0,0443] 0.0915| 4.0000] 1.7100] 1.7120 1.7110
-4 0.1398] o©.0442] 0.0916] 4.1000] 1.7100f 1.7110 1.7105
-5 0.1400| 0.0442] D0.0%16] 4.2000] 17200 1.7230 1,7215
-1 0.1402] 0.0445| 0,0902] 5.5000] 1.7350[ 1.7370 1.7360
3-2 0.1399; 0.0444] 0.0900] S.5a0p] 1.73s50] 11,7360 1.7355
§-3 G.1401} 0.0448 ©.0896] 5.9000] 1.7400 1,7420 1.7410
54 0.1400) 0.0443] D0.0803] 5.a000] 1.74000 11,7420 1.7410
i-5 0.3403) 0.0443] 0.0801] 5.9000[ 1.7400] 1.7380 1,7390
5-1 0.1412] 0.0444] 0.0908]| 5.9800( 1.7400] 1.7420 1.7410
5=2 0.1417] 0.0440] 0.0912] &.5000] 1.7400] 1.7480 1.7440
E-3 0.141i5 0.0443; 0.0967] &.%000] 1.7300 1.7300 1,7300
E-4 0.1417 0.0448 0.0902) 6.7000] 1.7500] 1.7520 1,7510
£-8 0.1410] D.0443: 0.0902) €.5000] 1.7500] 1.7540 1.7520
-1 0.1418] 0.0447] 0.0302] 6.9000] 1.7500( 1.7490 1.7405
7-2 0.1415) 0.0448) 0.0900] 7.080Q0] 1.760c] 1,7820 1.7610
7-3 0.1413] 0.0445] 0.0898] 7.6800| 31.7600; 1,7600 1. 7600
-3 0.1420] 0.0244] 0.0900] 7.&000] 1_7700] 1.7640 1.7670
1-5 0.1417 0.0442| ©.0837] 7.8000] 1.7600] 1.7630 1,7615
3-1 0.1418| 0.Q445] 0.o0#85] 8.s000] 1.7650] 1.7640 1,7650
i-2 0.1420] 0.0447] 0.0892] B8.1000] 1.7800] I.7&30 1.7615
1-3 0.1418( 0.0446f 0.08%2] B.0000[ 1.7700] 1.7650 1.7675
d-4 0.1420( 0.0443| 0.0095| B8.2000] 1.760G| 1.7550 1.7575
3-8 0.141%/ 0.0443] 0,0895] B.1000] 1.7800] 1.7660 1.7730
3-1 0.141%7 0.0445] 0.0E82]| o.00po| 71.7%060] 1.7810 1.7855
3-2 0.1422] 0,0445] 06.0878] 9.9000] 1.8300] 1.A380 1.8340
9-3 o 0.1420] 0.0445] 'G5.0e77] 9.8000| 1,7900] 1.7800 1,7850
3-4 & 0.141&] 0.0445] 0.08032] 9,%000] 1.8100, 2.797D 1.58035
-5 X 0.1420] 0.0447] 0.0878] o.5apg| :.7d60| 31,7770 1.7785
10-1 =4 ©0.1418] 0.0446] 0.0866] 10.6000} 1_8000| 1.8100 i.0050
192 EE 0.1420) 0.0444] 0.0870| 10.6000( 1.805¢] 1,8060 1.8055
103 0.1415) 0.0446] 0.0865[ 10.4000( 1.8100| . 1.B070 1,8085
-4 & 0.1e26 0.0444| 0.0B72| 10.4000f 3.B100] 1.8160 1.5130
i0=5 f3 0.0421] 0.0445] ©0.0858] 10.8000] L.8100] 1 5040 1.8070
11-1 R 0.1422]" 0.0444] 0.0865] 11,3000 1.8200 1,6420 1.8310
Li-2 0.1421] 0.0445] 0.DEES] 11.1000] 71,8308 1.5360 1,6330
11-3 | 0.1423] 0.0434] 0.0868| 11.1000] 1.8000] 1.7950 1.7975
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JEVICES FOR CAFACITANCE TEST BY DES.ZNG. , :
- capaticanca {(pF} I
JEVICE ¥ [PIN SENSOR _|BASE PRELOAD |lat read{2nd readi3 readindaveraqe PREDICTED -
; i ! ly=1,65755563940.014273174*x
11-4 0,1421| 0.0443] D.0A66] 11.2000] 1.B608| 1.8550 p1.8575
11-8 0,1416] a.0445, 0.0660, 21,1000 1.pG00[ 1.RODD 1.8000,1.81560
12-1 0.1431] 0.0445] DR.0R1] 32.1D00] 1.5900] 2.0010 1.9855
12-2 0.1432] 0.0442| D.0B64] 12.6000( 2.0200f 1.9910 2.GB55
17-3 0.1420; 0.9444] 0.0856] 12.0000] 1.9100( 1.9340 1.5220
12-4 0.1430| 0.0446( D.0855] 12.6000] #M/3 2,1120 A
12-5 £.1420] 0.0445] 0.0855] 12.0000) 11,8600 1.5490; i.B545
y=1, B5755639+40. 0142731 T4x
x=0.9%1
n=45
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1ESLA=-1 MRY 29,1052

‘BOVIDE DES. ENG, WITH FIMISEED LEVICES ENILY FROM EXNEOR: WHICH RATTLE
(FENGCE EEATINGK OVER .0500

EVICES #1-4 FROM LOT 5~20
TEVITRS #5-12 TR LoT 2-22 "
WITIAL BHRAF CALIRDATILN FoR BOTW LOTE DBTR

JEVICE # FIR BRER i 1) basa EENDOR EYEECR sasnar
bafera afber delte batore aftar dalta
0.1420 O.DHEX O.JEAT -A.0005 O0.0510 D.04GR Q.0042
0.14¥1 o.0884 00979 O.0DOE D.DELD O 0dEY 80047
d.1d2¢ D.bERD QO87F O.000M O.O58R  O.04TY 0,003
D.i418 O.0RBR  D.DBEE D.O00D D.D5L?  O,DASE  D.004E
4.1418 0.007h b.oakE =-8.000 0. 0508 - r a.0opa
0.1430 o0.DEA) $.0C4% -5.0005 D.O311  S.048Y Q. G0aE
D.lélé O.0dEH1 D.DAYE P.O003 D057 O.0dFT  O.D04D
D.1A20 0.000& D.0m74 0.cgl2 0.0EIE O.HE o.bo41
O.1418 p.DABL " O.0CAL  A.dood  0,0507  O.D4ST7 O.0o040
D.1dla  O.0d@S  D.eRT -0.0002 O.0%IE O,0458 0,004
O.142% 0.0082 O.0ARS -D.0R03  D.DS11  O.0460 40047
0.1420 C.MMAY b0k -0f.cofl  0.D917 0.0907  £.0000
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MATTLE.XLA, &/Ll/92, DRE

PFRELOAD PRELGAD  ACT

befars
0. 0026
n, 0027
b, A2
o.0018
2.0035%
o.0025
0. Dodn
a.0028
0,000
0. 00L2s
0. M2
0.0020

aftex afora aftar Fal

8. 80ES
0. 0080
£.007s
o, &DE4
8. Do
B 0072
o.ao7l
8. OBz
o.2070
D. 0872
0. 0BT
0. D029

131.0
1x1.D
124.0
1.1
130.1
1.8
123.1
126.1
123.1
127.4
128.2
1.2

ACT

130.0
141.0
141 .%
138.8
137.40
135.0
136.8
1360
158.5
ld6.0
114.40
134.0

Dhabanihnnmmm

ERFREESEEEES

i

$52EE3Esss
-R-N-N-R-F-E-R-N-¥-§_N-

pruload
nory Fakbrorwd Fradicted hy
bafore oapacltavss ipf) capacitence
T -] 1.758D T
LW | 1. 190 5. 4@
264 1.768 10,17
1.7 1.T49 6. 72
.7 1.1T60 B.0%
Fy 1.79% 7.48
1.5 1.7E4E T.90
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mag 50 191 satn mja? rwg? abdl res? stb

O Dave Czarn
MALE Sellars
Dick Gariepy
Stava Offl]lier
Ruaty Strubhle
Tad Ballapd

FR; Cals Sougga
aj:  HRigh diff V7pal3-1

This memo sarves as potice that the differential speo <an be inoreassd from 45pai to
50pai imtediately. Tasxting has shown that thasa parts ars as quist ax lowar
diffsrentlal davices,

Alao please natm thak due to & aix up in drafting the guiet truck dilacs will not be
oalled -37. -37 has baen remarved For stan howel. Tha truck disc will bw glven a
nunber when wa can actually put a spec togathar ip aboot twe weska. In the meantime
we should call the diso -sp.
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fas MATT SELLERS MJS2
Copy? S000E FFUN
Fraomd BEORGE HOLMAN - Bm12
Bubj 27713
MATT,

THIE IE THE KIOTE WE TALKED ABOUT FROM WALENTINME.

FLEHHE REVIEW AND LET ME KNOW WHAT ACTIONS YOU WOULD LIKE ME TO TAKE.
THANKS

GEOROE -

—xnEdiAE DRIGINAL MIG % O00242%% RECEIVED ON 046703 AT 10021 FOLLOWS *4F#Ee—
Datma Oy = O =2

Tal Oeoi-ge H.

Fromi Chuck Valantine
Bub j1 27713 Cup
Oaorge

* the rague=t of Matt Salliere and Dalm Baggs, w»e have come up With the
costs sswociated with running a limited quantity of the 27713 Cup with
modifications to tha .Q90-,0¢v2 dimanslion. They hava requestesd that
thin dimansion be adjusted to bae rus at 025 to .080.

The cost to make thass changes to the toaling, including setup tima,
changeaver time fram the 27268, and tool sdjusteents, will be & 2,900.00,

Plwaun rensrher that this part is run from the tapl for part nueber

27280-1, and that a conziderabls amaount of time iz neaded to change

fraa one part ta tha ather. When requesting & sample run, consideration

hags to be matde for the status of tha 27208 order, and that the time to

adjust the tool and run a small gty could take am much as & weak onca the tonl
in in the presn.

If the samples ars found to bOw acceptabla, we would ngEd ta quots pemanent
tooling changes, a8 aothsr componenta in the tooling would nead to be updated.

Regards,
Chuck Yalentine

T 3. deorga, I wasm not sure of the spelling of your lsst name.
Fisaas Adviss. Thanks

T1NHTSA 005228



TO: Dave Czam drsti2-47
Matt Sallare
FR: Dale Sogoe

SJ:  Target Prolond

Aﬂmmnj'&. is & raport deecribing how the target preload was determined for quist car
and t

in reviewing "H information [ found that | had made a mistake and used +/-2.0mlls for
tha manufaciuring pinning capabllity rather than +~2.6mile. Corrected analysis is shown
on the attached Curves.

QUIET CAR: Calculated Terget prelcad = 7.0
Preload tolorance = jass than zarp

Digoussion: Plnnl at?uuvﬂllpmthmedeﬂmt fall alghtly below 90psl
gt 1650C. This does not account for the pmadl n the high temp
basa shiit efther. It assumes all bases s h exactly thrae mils.

Sinca the attual oparating temp is 125C, and pressure shilt va pin
length at temp w.udlas?uuwnm ramuradmpmﬁ fess than 2
miis pretoad at 125C. Therelore, pinnlnn at 7.0 should be ok.

QUIET TRUCK: . Calculated Tamet preload = 10.8.
Preload tolerance = leas than zero

Discuasion: F'inn at 10.8 wi ;:mdlua devices thaf fall slightly balow 80pal
300psi at -40C. This does not account for
tha aproad in the base temp shift.

Prossure ehlft vi pin length at varicus temps showa that the
presaurg gtarts to drop st n lengths somewhara beiween 4 and
6 mis. 8ix mils 18 less then the low spec limit of 8.1 sa no
prassure shift should oocur.

To be on the safe elde we need to 999 if the fimits can be
Increased to 180-310psl. O¢ at least sge H ocustomer can
talevate this nange.

TI-NHTSA 005229



For rework pumoses we can use tha following tolerances:

CAR 70 0.0 0.5
Truck 106 0.0 +0.56

This }s based on the enginearing judgemant thal very few parts will fallout at 300pel
and these few can ba tolerated.

The ine needs to be Informed of these new limits, assuming Czem concurs.
Note: This analysie assuymes that the static measurments indicate whera the pricad
raally i, Crimping can Increass or decraasa the prekoad depanding on how fight # is.

The LVDT work ahauid ba cantinued to find re the profoad is really at on an
aseamblod device.

matls



ESTABLISHMENT OF QUIET SWITCH
AND QUIET TRUCK PARAMETERS
BASED ON NOMINAL DIMENSIONS

The quiet passenger car parameters for mantdacturing were astablished as folkows:
1.  Measure digc diff in test flxdure using 2° disc geat. (Dala's epecial varsion.)
2.

a mnge of dises into senaor assambles,

Test gound pylse to find & maximum disc difforential that will have a pulse of less
than -1.5 psl.

assamblieg with discs irom lots meeting requirement #2.

8. Plot sensar curve using an LVDT tracking the top of the disc. Plot all alx curvas
on top of each other to get a visual Indication of disperslon.

6.  Draw g line horizonially across the page at 80 pal and 200 psi.
30 pal I8 the lowast the act can go and still be accepiable to tha customer.
200 pel Is the highest the act can go and &l ba acceptable 1o the customer.
Prior to development the Ford spec was:
Act 1254 35 paig
Red 20 psig min

The customar felt it was okay 10 increase the upper #mi on act. it was opened at
200 psi based on aur combined expariences. ,

7. Draw @ vartical lne at the point 80 psi intersacts the lowest act velue curva.

8. Megoure from this poirnt over 5.5 miles and mark the spat
{3.0 miis for 25°-150°C terminal movement)
{2.5 miis for manufacturing capability consisting of
4 0.5 on pin and sensor, + 2.0 on bass calbration

8. From whare the higheet act valie ourve crosses 200 psl measura laft 4.5 mils, 2
miis for cold temp shift and 2.5 mile for pinbase mamdacturing capabllty. Mark

10, Draw a lina halfway between step & B. This is the target preload with Etap@j&
(8ydefining the tolerance on the t .
Q-.-

TI-NHYSA 00523




11.  If the tolerance range ie nagative {overlap) pick the mid point and then caiculats
the actual worst case act prassuras.

12, Decide If the toleranoe Is okay or If the tergst valve should be shifted one way or
another to avold fallures. For exampls, shift the praload 0.5 mils higher {to the
right} to reduce the risk of high temperature open ¢incults.

Shifting to slightly highar preloada + 0.6/+1.0 saems deelrable at this time because
A device that opens at high temperature iz immediataly recognizahle by the
customer &5 a failue,

For quiet truck the same eteps exnept this davice Is know to operake at 182°C.
The customer has melted connectors.
Uss 200 psl min act
300 pel max ¢t
490 psl min releese

5 mil high temp movement 26°-182°C
plus 2.6 mH mamatacturing cap (tast 302-15)

NOTES: 1. Easen ara calibmted, resulting in a truncated spread of + 4 mils,
nomally distributed. The lot is spiit In half at the mean. The low
haH of tha Lot ks used with a pin 1 mli less than calkculated based an
the mean of the antira base population. Tha upper hel! of tha lot Is
pinned with & pin 1.0 mil langer than nominal. Fin and sensor

capablity is + 0.5 mils.
* .
l.ﬁ--"—'---
| £z etz z A
{rh
L;: ‘p.{H
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NOTES: 2.  The tamperatura shitt Is taken at 150°C avan though the max temp

required 1a 125"C. Thia givas an exira cushion. Temp shift taken
from tast 302-16-24,

Lﬁé g -it-f2

TI-NHTSA 008233
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TO: Dave Czamn drs92-42, 7-31-92
Mait Selers
Stove Offller
Clair Bafthazar

FR: Dale Sogge
gj: 77ps preloed

I have found soms interesting results during my Investigetion of the migsing preload
associated with rattiing quiet device.

Measured 20 disaa for haight at the bump dlameter (.470 for car and .570 for truck}
and got the following:

Loud car avg = o.0210 sigma - 0.00044"
Quist car ayg = 00198 gigma = . 0.00024"
Loud truck ay =  0.0185 sigma = 0.0033"

Cnsat truek avg = 0.0185" sigma = 0.00017"

All except the quiet truck wera from 5 or mare lots. Quist tnuck was ona kot only.
Using the eppropriate cup the calculated preloads are (sae attached shaats):

Loud car -.0070"
Qulet car - Q085"
Loud truck -.0073
Quiet truck - Q08"

Since there Is minimal variation In the missing preloed it mq’a?ast wa should change
the cup for all of theea producis and maybe the raet of the 77ps's 88 well.

My target of 4.5 mills was based on cross sections and prassura deflection curves.
after testing | think we shoukd go 1o 5.0 mile. Thie will leave appeox 2mils for washer
bending.

QUESTION? Why haven't othar products shown up as attars?

What do we need to do for evaluatlon if we want o change all of _tham?

Biarda.

TI-NHTSA 005236
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TO: Dave Czamn draf2-48
Mait Sallars :
Steve Offiliar
Bill Sweot

CC: Tom Charconaau
FR: Dale Sogge
8|: 77pa3-1 preload capability: VA,

In the process of comacting tha preload for the qulet disc | wanted to understand the
tolerance ranga we coukd hold on preload. The results show thet the design was not

even capable aa toleranced on the pimts. ,
| MADE THE ASSUMPTION THAT WE ARE TARGETING PRELOAD TO ZERO +-

PRINT CAPABILITY

Diec praload is defined by the print dimension shown In mra 1, agauming no cnmp
ghifts. H the print tolerancea reprasent three sligma Imits, which they must by comtract,
than the stack capabiity can be calkculated by root sum squara methoad (assuming all
pars havé a nermal dietibution). Since them is no tolerance on the diec helght,
actual measuraments arg used,

Dlsc : 0198 +40007
Kapton 0020 + 008
Convartor to convertor dlaphragm surface VTOP) 1860 +-.003
Convertor daphregm surface to washer surface (CONVMID) 040 +-.003
Cup washer surface to bump (CUPBUMP) 0810 +/-.001

SOAT (.000742+.000342+,00342+.0032+.00142} = +/-.0044

THIS iB A RANGE OF 8.8 MILS, FAR IN EXCESS OF THE TARGET!! CLEARLY
NOT A CAPABLE DESIGN.

In addition thera ig a crimp shift effect. maasurng 7 cross sactiona | found the
shift [ an average of .0026 +/-0.0023". ing this to the abova tolerances gives:

8QRT {0007*2 + .0003"2 + .003*2 & 0032 + 00142 + 0023%2) = +/-.0050

These two caleulations show that bused on prints the design doas not work since the
prefoad spreed lsaves no room for our production pinning tolerance.
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ABILITY

As a check on the real capabilty; ectual data from the suppfiers on the critical
dimenslones was used in a Varafionsl Simulation Analysls (VSA). VBA was chasen
beciuee root sum square 18 an ineccuraia esfimete; becauge It essumes that ail
Wlsrances are normaly distributed and that thay are all perfactly contered abot the
maan. V5A a more accurate pictuns by accounding for the low probedility of all
wlerances being at the worsl case simultenecusly and acoounting for non-<normal
distributions ‘S?;y i non-normal). If you have more than two essemblies it ia highly
gﬂkﬂlythat will all be at worst case at the samae time, so V3A provides a greater
lerance zone.

Variational Simutation analysis (VBA) of the n without the ordmp ehift effect shows
thet the mean praload 1s -.0085" with a threa slgma epread of 0.014" (figure2). The
disc contributes 97% of the varation (figure 3).

VSA of the n with the crimp shift effect gives a mean= -.0068 and three sigma
range = .0054" (figure 4). The crimp lg now the key contributor (figure 5 & 6).

VBA with shear bumps addad to the convertor to -Im_grahad by 4.5 mits glves
a mean of -.0014" and 3-sigma range of .0054", (figures 7-9).

VSA with the cup bumped up higher givea the same mean and spresd 8 changing
the convertor.  You would expect the range to donrease because the cup has a
smaller sigma, but the cup skewness causes the resulia to be the sama.

The analysie aleo reveals that we can be 95% confident that somewhara between 22.1
and 28.6 % of tha product will be out of spec and our CPK will bs only 0.2263.

This high perce out of apoc raises the quesion; "ls pue/minus .002 really
reck” | bekeva the answer Is yas, hecause our prod pinning tolarance plus temp
puts tha prelosd et 160C a1 1.6 mils or Yaas. Therefors we can't give up mom
than two mils of the disc throw.
Ihmmmﬂymmmmmmmlbﬂmmn crimp shift effect can
ba larger y imhed sample revealed and | bellave thet wé can wierata soma that
&re two mils loose (The Kapton will probably take up the two mil Efleranca).

%

Wo ara missing 5.8milg of preload. Thera is a large spread in abifty o hit the
;Hllmd. Booause of the epread and oth rmmunwwuﬂ:gmldba-'l.
can by modifying the cup, convertor, washer or howaver ales MEG

We are.not capable and have & long way 1o go fo be pha minue six sigma capabifity,
A5 Our new corporate philosaphy directa.

VBA Ilt::dm at an carler stage In the pmject would have focused us on the
magnitude of the problem much soonar and possible redirected our solution.
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Juna 18, 1982

Mr. Matt Sellars, M& 12-37 4?
Texas Instruments, Inc. P‘ é@‘i"?‘ o
34 Forset Strest ~ f“L
Attlebors MA 02703 jae Yok

PN
Matt:

Last Thureday we received your resquest from Gmorge Lavoie to
praovide you with data on part 27383-2 for some daesign enginearing
studies. :

Encloaad are a 26 piace capability study with average and aigma
calculated for .101 - .107 and .162 - 188, and a process
capability atudy cansiating of & plece aub—-groups over an extanded
pariod of time on tha same dimensiona.

If you have any guastians or need any additional information,
pleage fes]l free to call.

Cordially.

A PP D pre

- John P. Masee
tuatity Control Manager

Enclosuras Tw oML = .60z H=ZT

- m YT oI = L OL0ET

PMAEfR-
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