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OMNIC Search
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OMNIC Search

Spectrum: tsl 145025, green grease cn terminal
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Spectrum: tsl 148025, red base
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GMNIC Search

Spectrum: tsl 149025, green contamin on tlp of terminal 3
Wed Jun 24 16:28:44 18998
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SE-33{: TSL ¥ 149025: CONTAMINATION OH 7705 TERMINALS AT FORD/BOSCH

DBJECTIVE:
Determina cavase of high resistence at terminals

EiMREY =

The defact iz due to the formation of a thick lLayer of a corroslion
ptoduct contalning copper, zinc, carbon, and oxygen. Thiam layer i=
always thickest at the outalde tip and it diminishes greatly as one
approaches the plastic basw. We don"t see any evidence of 1t inadide the
elactronics cavity.

COAERVATICES

All samplee, with the sxception of sampias $#4 and 5 (Found in Gallatin
by visual inzpectisn) showed the zamm failure meachanism of edge-
ipitiated corroelon. Coe of the contrast mechanismas in the JEM is
Backicattered Flectron contrast. This mede ix sehxitlys to average
atomiec number sod, in this material pyetsan, contamination will appear
dark. The imags belcw shows pins from three returna {6, 8 & 11}. Ona
can see that there iz a great difference in extent of correaion but
that it atarts at the tayminal end on all samples.

PHOTD 6%

The phots balow shows & pin from ancsther zample (f 1 | that emphazizes
the 1iguid-mediated nature of the corrosion mechanism. The patterns
that we see aren’t copalstent with a vapor phase mechanism. In cther
words, this attack isn‘t sipply dus to humidityftemperatureftime
erpogure.

FHOTO 1

The phote helow shows an area whete the coarrocalon deposit hax partially
flaked off toc raveaal & clean braas surface which haz been pittred by the
corrasion procezs. The full width of the area shown ln the phote 1=
about 0,.002". Tha area with the “dried mud flets” texture is the
corresicn layar that haan't yet dalaminated. The pitted sppearing
gurface i the mderlying copper. Plaase note that this surface texture
1=z much diEferent than that af tha khrass in uncorroded sreas. These un-
attacked arcag are on the terminal ‘in tha cavity on all devicea which
we have cxamined aend in the areas near the plastic on devices with a
gmall total amount of corrosicn. The bright areas are fragments of the
corroslon deposlt that hava bearn scattered about {(probakly by
marhanical action durlng mating and/or damacing of the

terninal feonnector pair.)

PHOTO 7

Below ls a apactra of the corrosicn deposit. We get essantially the
same speckrum ragardless of wvhether the zspectrum la taken from

= The top surface of tha depoait by nomal analyszis




# The bottem surface aof the deposit by removing Lf by pressing
Indium foil inte the surfage and abatragting the deposit
* Material present gn the mating commector in the ceptact zoneg

SEFCTRR

Dezing) fication of the brass isn’t ascourring te any major extent
because we get essentially the same copper/zine ratio whether we are
eramining:
* The depogit itaelf
*» The braans surface revealed by flaking off of the corroajon
depaalt
# The underlying bulk braass

Copper oxide is reddish or blackiah in coloar depanding upon wheather it
1s a cuprous or cuprlc z2pecles, The bulk of thia depoxit is nelther of
these coalors althaugh the materlal at the vwarcy end 1le often bklacklsh in
colar. Away from the very end, the depoait iz basically whitish with a
greanizbh tint. Thix ia best cbearved by glancing incidence illumineation
on a ralsed araa of the deposit (from connector marks aor by a
delibarate zcratch).

Tha varlation in color is likely dus to the amount of copper oxide
present in the overall oxidation produckt with larger amsuntx of copper
oxide ar the dark tip. In other words, coppar oxlde is probably acting
ax & colorapt in tha ocverall product.

It ien‘t ceztain how the catban ia present ip the corrosion depasit.
One could visualize the followiong three acenatica:
Chemically combined such as in & copper carbohate
Hachapically combined with a carbon speciaa that is invelwved in
the corroxion prooesa. An sxamples would be a graphitic powdar
which vould cauze galyanlc corrgaion
= PFresent in a non-functichal role.

We tried solvent axtractionz te address thls lssue wlith locencluslve
results, The Chem Lab also perforpbed FI/IR analyals. They didn’t find
eyidence of hydrocarbon type contaminatien and thix ix a vsually
raliable rasult. The spectta Was clearly inorganlc in nature but the
quality of tha matchas waan"t goeod soough to come to a mere spacific
cancluxton. The #12 sarmple haa basn given ©o De. Almed Amin for X-ray
diffraction analyals Eo ser if we can get 3 defipitive resclution of
thia l1san=.

MATOR TNANIWEEED TTOM
It i= my cpinion that onm needs two things for corrasion like thia to
ocour with 260 brasa. Che 12 an elactrelyts (aquecus solution ie moat

1 NHTO5
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likely) and the cthar ix z dviving force. Soms cramples of a driving
Eorce would be

1. Carrozion accelerators such as acide, sulfur or chlorine.

2, Galvanlc doyple.

3, Craliee—type cortoflon cell

4. Applied vcliage

We curtently doan't khow what the delving force ia.

THORFRGHTS ON STNULATION TEETIHG

I would like the teating to be divided into twoc sectionx. One would b=
a scrasning test toc svaluakte the cerrczion causing potential of
candidate substances discovered by the audits at TI and Posch. I would
think that rhi= would invalve sxpoaing parta to the sandidats
aubstances and thew testing them under elevated temperature—humidity
condtdone .

The othetr test wolld be more ilnvolved ard be mote of a mechanisties
twat. Tha goal would ke ta tast cur hypothesas az to the pozsible
mechanisms of fallura. Thies testing would invelws resting the parte
with the terminala in cohtact with a wlick loseraed only in those
aoluticua that would be expected to cause corrosfion. The primary
purpoae of this testing would e to aes 1f we can dupliecate the fallure
rather then simply restricting curaslwves to thoas spacies which have
baan curreantly dizcoversd by an awdit. Some of thasza spaciea woiuld he
graphita or sont (tg ack ap a cathode) and acidic species (pehaps a
bicarbonate). T am working with Gardner Haynes of tha Corroxion Lab and
Steve Chura of the Envircnmenral Lab to finalize a prepoaal.

ORIGINAL THREE JAMPLEA:

All zamples were analyzed by means of SEM-EDAX {3canning Electron
Microscope wlith Eneargy Dicpearslive Analysis of X-raye] apalysis. This
showed a2 thick layer of heavily omidized brasa on the terminal: more
than enough te explain tha in-opa failuras. Thisz layer contains oxyqen,
carkon, copper aad zinc. We tried deagreasing coe of the tarminala on
the #1 sample with ultrasonic agitation in cyolohexane, acetons, and
laopropancl. Thisa showed same indlcation cf lesssping in the amount of
carbon in scme acsas, hut 1t wasn't conalatent; other arega showed oo
lesszaning at all.

Wa didp 't aaw snuch wvidenom of corroalon accaleratara inp the bulk of
the corkosion deposit. 8o fer, we have only sEeen two small araas with
chlorine.

The depoailt 12 very heavy at the =nda of the ferminals and gets lighter
a8 you travel in to the bage., Thia same phenomena 1o seen visually
with the tips being darker than tha tarminat by the base but tha SEM
shows that the szame phenomena 1s still happening in thoze areas. The
distribution pattern etrongly implies a2 Iiquid [(water) mediated
corrosicn mechanism. Theare 1s no corrosicn on the brass in the
eleckyenics cavity,

Illumipation under 368nm light didn’t ahow any evidence of £luorescent
contamination on apy of the thres devicas.

TINHTOS 11853




Thay both had the same visuval appearance. SEM-EDAX (Scanning Elsctron
Microacope with Energy Dispersive pinalysis of X-raya) analysiz aof
sample # 5 ahowed a aprey of partlculate cver the terminals and the
base. Theaa particles wers actually agglomerates of much smaller
Farticles that seemed to ha held together by an organic matriz. Some of
the species we paw were aliminum, eiliccn, magneaium, carbon and
CEygan.

I feel very strongly that this problem has nc cslationahlp with the
original problen; furthermers, it won't develop inte the original
problem.

AAMPLES FROM JUHTER
All bhad sama opilical appearance.

Analyais of aaxmples fi& and 8 ahowed the méme problem as origiomally but
to a much lasser axtent. In particular, sapple ¥ had the corrasion
deposit only axtending a very shoxt distance, about J.030%. This
distancea isa xzo short that 1t dosan’t indicate the liklibood of the
mating eonomctor baing involwed.

SANFLE !11
This sample had the same problam a8 the criginal thras samples.

BAMPLE $12

The terminal had the same prehlem a=x the eriginal thrae samples bet to
an aven woras axtent. We alsc found the saine deposit (copper, fine,
oXygen, and carbon] on the mating areas of the mating cotinector. Work
continuea on this zampla.

The data will be sent through the internal neil by Joe Pawvao (2035).

AL HOPKINE M5G ID: AROE PHONE: 508/2316-3040

TINHTOS 11854




Bosch - Cruise Comntrol PS

Q TEXAS - I
INSTRUMENTS Bosch P/N: 2234057, TIP/N 77PSL3-3
| . Dther Ther 1
: mﬁ_:‘_i'i‘: g =
Hil
Terminal Backed
Supplier poationa wright
%&E{ Hnder Sub-as
Switch / Master
oy |G o
-9 RE EH ﬂr:l pallet
Pall=t sretch wrapped
1 wk Stornge
~ 100*F
~ 0% RH

Ford
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Bosch - Cruise Control PS
INSI‘RLMIMENTS Bosch P/N: 2234057, TI P/N TTPSL3-3

L ]

Contact List:

Bosch - Gallatin, TN

Mark Nichols 615-230-5314 P
615-452-7194 F

Mike Rass

Bosch - Sumter, 5.C.

John McCoy 803-481-6505 Phone
E03.416-8531 Page
Stave Crgwiord 803-481-6580 Phone
80341686031 F
Sharon Lumb B03.481-5055 Phone
Kec Amet 8034368652 Page
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INSTRIIMENTS

Diate

5418 @
4. 00PM

8/19

6/19

6720

Who
Bosch — Gallatin, TN

Fard - Lonissvilla

TI / Boach

Bosch - Cruise Control PS
Bosch P/N: 2234057, T1 P/N 77PSL3-3

Actions
Action

Mike Ross — (Gallatin, TN} called informing TT that the Ford Louisville

was sxperiencing failures (@ vehicle roll test. Parts mported to have
greenfwhite powsder .

20 vehicles failed - Cruise Control would ot set

Parts being sorted @ Ford plant by putside sorting company.

40 of 1,620 pe shipment found to have no continuity

Hosch / Ford mitiated ingpection / rework loop prior in Vehiole Roll test.
Mating slectrical connectors removed, terminals acreped, mating
connector applied.

Following this step no failures were found,

Operation continued umtil 5:00 PM until going to continuity check.
Serape operation mainteined 7?

Initiated 100% contimity test on EGs Inventory followed by Green Dot
on gide of erimp ring.
Tested 9500 as of 6/20, 7:00 AM - No failuras

Conf. Call w/ Sumter, Gallatin & T1

Natural control group of how parts react under narmal shipping/storage
conditions

1 of 800 parts inspected @ Sumter found w/na continuity

0 of 777 parts inspected @ Gallatin found

9:00 AM conf Call Monday, 6/22




Bosch - Croise Control PS
@ TEXAS

INSTRUMENTS Bosch P/N: 2234057 , TI P/N 77PSL3-3
ey
Actions (Continued)

Date Who Action
620 TI * Rick Demers (TI Quality) arrives at Bosch Sumter, § C. plant to asaist in inventory
sart/certification.

Recv'd (2) devices from Mike Ross (Gallatin, TN) w/ green/white powder
Recv'd (1) device from Ford — Lonisville, Terminals exhibiting olive/brown color

Complete inspection of FG's Inventory vie contimuity test/grean dot on crimp ring.
Date codes 8140 — 8149,

Production as of 8170 - Initigted 10pc contitmity test ingpection every box
following 100% function test,

* Boxes pagsing inepection will have a “Green” dot an box label,

Rick Demers finishes Monday requirements without ary findings
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@ Bosch - Cruise Control PS
lnsmulmsusms Bosch P/N: 2234057 , T P/N 77PSL3-3
m
Date Who Action
622 TI/ Bosch * Discussed sort findings: Gallatin—0 /5,100, Sumter— 1/ 6,440, TI— 0/
20160

* 12,900 sub-zs8y remuining to sort at Sumter. Rick Demery and Boach
personnel to sort remaining inventary,
Discussed fict that initial 3 samples retumed were from Ford — Louisville
* TItoship Friday, 6/19 shipment on 6/22 via next day delivery by 12:00
Boon.

Recv'd (5) switchag from Sumter, 8.C.

Reev'd (2) switches from Gallatin, TN

Both groups have been recv'd in and sent to corrosion lab (Al Hopking)
Conf call 5724, 9:00 AM




Bosch - Cruise Control PS
Bosci P/N: MT,TIP!N'?‘?PSLH

el AT el

INSTRUMENTS

Degeription #1 #1 H3
Fad X # 28011 8189 5661 8071 8139 5661 8012 1766 1055
Date Code 3127 227 B127
Fourd @ Ford - Louisville Foyd - Louisville Ford - Louisville
Visual Inspection s Party whese izalled L . *
* RBaze cavity clean » " . "
- sm mks Bhiny - 117 - 1]
+ Contymination looks green / s © e  Comamination looks
" wemay regidue on both tarm. dark/olive brown
« Comtam. Appes 1o only go » (omtam, Appesrs 1o eod
half way down terminal half'way down terminals.
Contizity Check Pass Fail / Intermittent Paas
Function Test Pass Fail - ZPLF Pass
Cut Open Parts Yez * Yen * Yes
Clean jnside device & atemry ¢ ¢ . M
of terminal.
Corrosion Lab *  ‘Was not analyzed +  'Wes not analyzed «  Cut hage away from
terminals
s Took pictures of
contamingte / terminala
+ Comaminate shown tc be
half way dowu terminals
s Blement analyais shows
presence of Carbon &
Oxygen 6
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Bosch - Cruise Conirgl PS

ﬂ TEXAS .
INSTRLIMENTS Bosach P/N: 2234057 , TI PN 7TPSL3-3
Description find #3 #6
Fed X # 7901 0147 6171 7901 0147 6171 5002663900
Date Code 8140 2140 B135
Found @ Gallztin, TN Galirtin, TN Sumnter, 8.C.
Parts pulled because terminals “ “
tookad differcnt.
Visual Inspection Parta ware installed *  Parts were installed &  Paris ingtalled
*  Green flakes (particulate) on * Green flakes (partionlate}on ¢ Green tint toterminals
terminals, stake & hase cavity terminaly, stake & base cavity ¢ Shiny Stake
*  Clean buse cavity
Continnity Check Pase Pass Pags
Function Test Did pot fest — wanted to avoid Did ot test — wanted to avoid
disrupting contaminates. disyupting contaminates,
Cut Open Pasta *« No * No * No
* Same reasan as sbove s “ . "
Carrosipn Lab & Analysis pending *  Analysis pending s Anajysic pending



Visual Inspection

Contisnity Check
Function Test

Cut Open Pans

Cormosion Lab

298L1 SOLHNILL

Bosch - Cruise Control S
Bosch P/N: 2234057 , TLP/N 77PSL3-3

¥7
3002668500

8133

Swrer, 5.C.
Partz pulled becavse terminals
looked different.

¢ Party installad

*  Grecn tint to terminals
«  Shiny Stake

¢  Clean base cavity

Pasa

Did not test — wamed to avoid
Jdismpting contaminates.

* No
*  Same reason as abave

¢  Analysie pending

#
5002668900

8131
Summer, 8.C.

Parts ingtalled

Green tint to terminals
Shiny Stake

Clesn base cavity

a & & &

Pass

Did not test — wanted to avaid
dismupting contaminates,

*+ Np

. (13

*  Analysis pending

i
5002668900

8131
Sumter, 3.C.

Party installed

(Green tint to terminals
Bhiny Stalre

Clean base cavity

Paaz

¢ Analysis pending




Bosch - Cruise Control PS
IHSTRIJMImsEHI‘S Bosch P/N: 2234057 , TI P/N 77PSL3-3

e

Description #10

Fed X8 5002663500

Date Code 8135

Found @ Sumter, 5.C, :
Partg pulled because termin .
looked different.

Visual Inspestion s  Parts installed
&  Green tint to terminals
» Shiny Stake
* (Clean base cavity

Contimity Check Pass

Function Test Did not test — wanted to avoid
disrupting comtaminates.
Cut Open Parts * No

& Samp readon as ahove

Corrosion Leb ®  Analysiz pending

=
:
&
&
W




IN-PROCESS IP-2 TEST SUMMARY (P5 85-53)

140 GENERAL

1.1 Customer: Ford Motor Company
1.2 Tl Pant Numbar: T7PSL3-3
1.3  Customer Pad Number: F3TA-SF924-CA

1.4  Specifications: Ford Engineering Specification number
{delta) ESF2VCOFE24-AA

"1.6  Date Of Completion: 95/06/26
16  Quentity Of Units Tested: 54
17 Disposition Of Tested Unlts :
Devices tested were retained by Texag Instrumsnts.

1.8 Tl taat serias number: #t through #6 {Vibyation completed 03/07/95)
#13 through #18 {Vacuum complated 03/07/85}
#7 thwough #12 {Temp €ycling completed 04/03/95)
#19 through #54 (Fluld Raslstance completed 0B/26/95)

20 TEST PROCEDURES AND RESULTS

Al switches were tasted to Ford Engineering Spadificetion (delta) ES-F2VC-0F924-AA. Tests wera
- completed with production pars, selected oh a random basls to represant the entire production
population as much as poassible.

Pre-test and post-test actual switch test results are attached st the end of this test summary.
2 Calibration

.. Procedure: Calioration was chacked at room temperatura {16 degrees C to 35 dagreas C) using
" - ..ambient air as the pressure medurn. Calibration settings, as specified on the part drawing, are
actuation {slectrical contacte cpening) at 200 - 308 p&ig, , and ralease {contacte reclosing) at 40 psig
minimum. All {ests were accomplishad aftar the third eyclo with the switch conducting 700 - BOO
milllamps at 12.0 - 14.0 volts DC. The rate of pressure change (ramp-up, ramg dows) was
accomplished at 50 psigfsec,

Pra-test and Post-test results are in the Vibration/Vacuumy/ Tamp Cycling/Fluid Resistance test
portians respectivaly.

CUSTOMER: Tolkico (USA) Inc. | TEST: IN-PROCESS IP-2 TEST SUMMARY page 1 oF 8
TESTED BY: Elaine Rose , QRA TEXAS INSTRUMENTS INCORPORATED | DEwicE:  77PSL3-3
APPROVED BY: .Jim Watt, QORA ~ NATERSALS & CONTROLS GROUF poc.: PS 9553
DATE: Juno 26, 1885 ATTLEBORGD, MASSACHUSETTS 02703 FILE MAME: P5 245100




22  Voltage Drop
The voltage drop across the contact area is automatically checked by the test equipmernt.

Pre-tast and Post-test results are in the Vibration/acuumy Temp Cycling/ Fluid Resistance test
poriions respectively.

23  Current Leakage

Current leakage waa measured with 500 volts , 60 hartz altemating current. Tha cumrsent keakage
checked weara:

Batwaan the swilch leads with cantacts open.
Between the terminals and casa {switch housing) with contacts closed.
Betwepn althar terminal and case (switch housing) with contacts open.

Pra-tast and Post-tast reaults are in the Vibration/Vacuuny Temp Cyoling' Fluid Resisiance test
portions respectivaly.

24  Proof

Calhration reagkngs were recorded only aftar proof testing . Test pressure was 4000 psig per the
part drawing. Equipment Is Enetpak model P-382 hydraulic kand piemp using Enemak hydraulic fluid
as the pressure medium. Flukd |s removed from the devices using a combination of vacuum and
residue-free solvent Sprayen (TM) Hi-Tech 02002 TF Electric Gontact Claanar. US Gauge #33714
reading to S000psig with 100 pslg Incramants, resolvable to 50 psig, cafibrated quarnterdy. Custom T
designed and built safety enclosure.

Pre-test and Post-test rasults are in the Vibration/Vacuum/ Temp Cycling test portions respectively.
256 Vibratlon

Devices tested: T #1 through #6.

Equipment used: Vibration tabk, Ling, modsl A385 with Hawlatt-Packard modaf 5427 controls. Air
tank with 350 paig minimum pressuized Nitrogan wrsad to actuate devicas with at least 1.1 imes
maximum actuation spacification on part drawing; 300 psig x 1.1 = 330 psi manimum.

Switches wens mounted in the test port using the currently released slecirical connactor batora tha
start of the test. Switches were vibrated in all 3 planses with slectrical confinuity monitored during the
eritire best, &1 ambient alr. Intemal pressure was maintained at zero Kpa G when the switch was in
the closed position, and 1.1 imes max actuation pressure shown on the print whan the swiich was in

CUSTOMER: Tokico (USA) inc. | TEST: IPROCESS B2 TEST SULBAARY pAar 2 oF B
TESTED BY: Elaine Roge , OAA TEXAS INSTRUMENTS INCORPORATED | oewcs: 77PSL3-3
APPROYED BY: Jim Wait, ORA MATEFFALD & CONTROLS GROUP poc.: PS 95-53
DATE JUMe 26, 1985 ATTLEBORE), MASSACHUBETTS 02703 ALE NAME: P3 95-51.doc
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the cpen posttion. The switchas ware vibrated at 1.5mm displacement {paak to pealk) while varying
the frequancy uniformly from 5 to 50 to 5 Hz over a 5 minute perod, in altemate one-hour perods in
ithe opan and closed postions for a total of & hours in sach plana, for a total test time of 24 hours.

Cabbmation Pro-test Results: The average actualion was 238 psig, and the stendard deviation was
5.5. All valpeg wars well within the specification. The average relsase was 185 psly. and the
etandard deviation was 6.5, All valuas wera wal within the 4G psig minimum apecification.

Calibration Post-test Results: The averaga actuation was 243 psly, and tha standard deviation was
8.9. All values wera well within the specification. Tha averaga relaase was 188, and the standard
deviation was 9.5. All values were well within tha 40 psig minimum specification.

Voliage Crop Pre-test Aesults: The average voltage drop was 30 millivolts, and the standard
doviation was 1.4 Al vaiues ware well whhin the speciication of 200 millivolts maximum.

Voltage Drop Post-test Results: The average vollage drop was 42 millvolts, and the standard
denviation was 3.29

Cumrent Leakage Pra-test Aesults. Statistics not calculated. All valuas wera well below the
spacification of 100 microamps.

Current Leakage Post-test Rasults. Statistica not calculated, All values were well below the
specification of 100 microamps.

Proof Pre-tast Resulls: Ne evidance of fluid lsaksge and no drop in tast pressure cbaarved on any
devica.

" Proof Post-iest Resulta: No evidence of fiuld lealage and no drop in test pressura cbaarved on any
device.

All six switches met the acceptance criteria In the Ford E5 specification.
284 Vacuum
Devicas testad: T1 #13 through #18.

Equipment used: Kinney vacuum pump. Sensobsc prassure transducer, serial no. 198033 Modal Tile
72702, range 0-25 psia cailbratad quartarly, with:Fluke modsl 80208 Digital Multimater raadout,
calibrated quartarly.

Swhches wave mounted in the tast at room tamperahura, ambiont air as the pressure medium.
Switchsa wers subjectad to b cycles of vacuum fram atmosphSwiches were subjected to S cycles of
vacuum from atmosphlc prasswe (760mm Hg) ta an absolute pressure of 3-8 mm Hg , malintsining

vaouum for 63 ssconds.

CUATOMER: Tokico (LUSA) Inc. | TEST: N-FAOCESSHE-2 TEET SUMMARY pacE 3 oF 8
TEETED BY: Elnine Rose , CHA TEXAS INSTEDMENTS INCORPORATED } oevice: 77PSL3-3
APPROVED BY: . Jim Walt, QRA MATERIALS & CONTROLS QROUT DO - PS 953
DATE: June 26, 1955 ATTI EBOR)_ MASSACHUSETTS 02703 FLE NANME: PB B5-5ldoc
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Mote: 3mm Hg = 0.058 psi = 0.400KPa
mm Hg = 0.116 psi = 0.800kpa

Calbwratlon Pre-tast Aesutts: The averags actuaton was 251 psig, and the standard dewiation was
11.3. All valuas wera wall within tha spacification. Tha averaga releasa was 173 psig, and the
standard deviation was 6.8 AR values wera well within the 40 pslg minimum spacification.

Calibration Post-test Resuits: The average actuatlon was 242 pely, and the standard deviation was
6.8. All valuas wors wall within the epecification. The avarags releace was 158, and the standard
doviation was 6.2, All values ware weall within the 40 psig minimum spacification.

Volage Drop Pro-teat Results:  The averags vollage drop was 272 millivolts, and the standard
davigtion was (.37 All values wera well within the specificetion of 200 millivolts maximum.

Voltage Drop Poat-test Results: The average vaMage drop waa 55 millivoits, and the standard
deviafion was 2.77, All values wera well within the specification of 200 millivolts maximum.

Currant Laakage Pre-test Results. Statiztica not ealculated. Al values were wall below the

spacificaton of 100 mleroamps.

Current Leakage Post-test Resulis. Statistics nol caiculated. All values were well below the

spacification of 100 microamps.

Procf Pre-tast Reauits: Na evidence of fluid leakeage and no drop In test pressure obsarved on any

devica.

Procf Post-test Results: No evidence of Huid lealage and no drop in test pressure cbaerved on any

device.

All slx awltches met the acceptance criterin in tha Ford ES spectication.

27 Temperature Cycle

Devicas testad: Tl #7 through #12

Equipment used: Thetmotren model S-4 Mink-Max environmantal chamber capable of - 55 degrees
C 1o + 200 degrees C, humldity confralled. Custom Tl desighed and built cycler, uiilizing Enerpak
Integrated hydiaulic prassure soutce, Ti315 Progmmmahle Legic Controller, Moaog servovalve and
contraller, Simpson signal generator, and opposing-piston fluld Isafators, to praduca a hydraullc-fiuid
flow-typa primary with a brake-fluid dead-end -typs secondary terminated with & 24-station manifold
equipped with intarnal heaters. Capabllity 1o § hz at 0-1500 psig cycle. Custom Tl deslgned and built
24 statlon Switch Monhor Clreult which automatically staps the cycler in tha avent of abnarmal awitch

CUSTOMER:
TRETEDBY: Elgine Ross . QRA

AFPROVED BY: Jim Wait, GJAA

DATE: June 28, 1955

TEST: IN-FROCESS (0.2 TEST SUMMARY PAGE & of B
TEXAS INSTRUMENTS INCORPORATED | oewvice:;  77PSL3-3
MATERIALE & CONTROLS GROLUP poc. : PSS 95-53
ATTLEBORG, MASSACHUSETTS 0270 FILE MAME- PS B5-53 100
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action, defined ae continulty change which doos not track the signal from the signal generator.
Thermocoupls readouta calibrated quartedy.

Calibration Pre-test Results: The average actuation was 248 psig, and the standard deviation was
A.0. All valuas were well within the specification. The average release was 174 psig, and the
standard deviatian was 8.0 All values wera well within the 40 pslg minimum speciication.

Callbration Post-test Regults: Tha averags achiation was 225 palg, and the standard deviation was
42 All values were wall within the specification. The average release was 163, and the standard
daviation was 5.1. Al valires weare wall within tha 40 paig minimum specification.

Voitaga Drap Pre-test Results: The avarage voltage drop was 46.7 millivolts, and tha standard
deviation was 14.2 All values wera well within the specification of 200 millivelts maximum,

Voltage Drop Post-taset Results: The avarage voltage drop was 59 millivoits, and the standard
deviation was 10.6. All values were wall within e spaclfication of 200 millivolts maximum.

Cutrent Lﬂﬂkﬁﬁﬂ. Fra-téﬂt Results. Statistics not galculatad. All values ware wall below tha
specification of 100 microamps.

Current Leakage Foat-tast Results. Statlstics not calculated. All values were well below the
specification of 100 microamps.

Proof Pre-test Results: No evidance of fiiid loakage and no drop In test pressure observed on any
devica.

Proof Post-tnat Assults: Mo evidance of Auid keakage and no drop in test pressure cbhsarved on ahy
device,

All six switches met the aceeptancs criteria in tha Ford ES spocification,

28  Fluid Resistance -
Devicas tasted: TI #19 through #54.

Equipmant : Flulds as callad out in ES tabie {frame 12 of 18}, appropdiate beakers anwd storage
apparatus; vanted haod.

Results: The 36 devices ware divided into groupe as follows for subsaquant tasting. Results of thase
tasts are reported holow.

Impulse: #19 through 30
Torminal Strength:  #31 through 42
Humidity: #43 thwough 48

—

e Wil D e O
TERTEDBY: Elaine Aose , DRA TEXAS INSTRUMENTS INCORPFORATED | EvicE: 77PSE3-3

APPROVED BY: Jm Wad ORA MATERIALE & CONTROLS GROUP poc.: PS5 485-5]

DATE: June 26, 1995 ATTLEBORO, MASSACHUSETTS oo/ FILE NAME- PS 9553 doc
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Salt Spray: #49 through 54
2.8.1 impulse {#19 through 30)

Calibration Pretest Results: The average actuafion was 251 psig, and the standard deviation waa
5.4. All values ware well within the specification. The average releaze was 171 psig, and the
standard deviation was 9.5 AR values were well within the 40 psig minimum epecificetion.

Calibration Post-test Resulis: The average actuetion was 248 psig, and the standard deviation was
4.4, All values were well within the specification. The average release was 164, and the stamdard
daviation waa 5.3. All values were weall within the 40 psig ménlmum specification.

Voltage Drop Pre-tast Results: The average voltags drop was 274 milivols, and the standard
deviation was .5 All valuas waera wall within the spacification of 200 millivoits maxdmum.

Veltage Drop Post-test Resuits: Tha gavarage voitage drop was 65.8 millivolts, and the standard
deviation wae 9.7. All values wera well within the specification of 200 millivolts masxdnam.

Currant Leakage Pre-test Rasults. Statistice not calculated. All values were well balow the
specification of 100 microamps.

Curent Leakage Poat-test Hasulta. Statistics naot caiculated. Al values were well below the
apacification of 100 microamps.

Praof Pre-test Aesults: No evidence of fluid leakage and no drop in test pressure cbserved on any
devica.

Proof Post-test Rasulis: Mo evidence of fuid leakage and no drap in tast prassure obsarved on any
devics,

All twelve switches met the acceptancs criteria in the Ford ES specification.
2.8.2 Temninal Strength (#31 through 42)
Calibration Pre-test Results: The average sctuatton was 240 psig, and the standard deviatlon was

7.2. All valuas were well within the speclilcalion. The average releasse was 172 paig, and the
standard devlation was 5.4 All valuea wera well within the 40 psig minimum speclfication.

Calibration Post-lest Aasults: The average actustion was 248 psig, and the standard deviation was
4.4. Al valuas wara wall within the specification. The avarage release was 164, and the standand
deviation wag 5.3. All values wero wall within tha 40 peig minlmum specification.

Voltage Orop Pro-tost Aasults: Tha avorage voltage drop was 27.6 millilvolts, and the etandard
deviation waa .5 All values wore well within the apecification of 200 millivolts maximuen.

custoner: [N T e=r: rwerocess wamest sumarhy race 8 _or @
TESTED BY: Elaine Roea , DRA TEXAS INSTRIPMENTS INCORPORATED | oeEvice: 77PSL3-3

APPROVED AY: Jim Walt, GRA MATERIALS & CONTRCLS GAOUP poc.: PS 0553

DATE: June 25, 1895 ATTLEBOAC, MASEACHUSETTS 2703 FALE NAME- PS5 35-53.doc
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Voltage Drop Post-tost Resulte: The average valtage drop wae 65.8 millivolts, and the standard
deviation was 9.7, All valuea wore well within the speciflcation of 200 millivolts maximum.

Currant Leakage Pre-tast Results. Statistics nofkcalculated. All values wore well balow the
specification of 100 microamps.

Current Leakage Post-test Resuits. Statistics not calcudated. All values ware well below the
apeciication of 100 microamps.

Proof Pre-test Results: No avidenca of fluid [eakage and no drop in 1est pressure ohsarved on any
devica.

Proof Pogi-tast Ragultz: Mo avidance of fiuid leakage and no drop In test pressure obearved on any
devica,

All twalve switches mat the accaptance criteria in the Ford ES specification.

2.8.3 Humidly (#43 through 48)

Calibration Pro-test Results: The average actualion was 248.8 palg, and the standard deviation was
5.2. Al values wers well within tha specificatirr. The average release was 168 psig, and the
atandard daviation was 8.2 Al values ware well within tha 49 psig minimum specification.

Catibration Post-test Results: The average achation was 241 psig, and the standard deviation was
B.7. All valecs wars well within the gpacitication. The average rélesse was 158, and the standard
daviation was 8.3. Al valuses wene well within the 40 psig minimum specification.

Valtage Drop Pre-test Rasults: The averags vollage drop was 27.6 millivolts, and the standard
daviation wag 1.5 All values wera well wilhin the spsadification of 200 millivolta maximum.

Vo!tagﬂ'[}m;: Fost-test Resulta: The average vulage drop was 77.5 millivolts, and tha atandard
deviation was 4.0. All values wore well within the specification of 200 millivolts maximum.

Current Leakags Pro-test Resutts. Statlstles not calculaied. All values were well below the

spacificaton of 100 microamps.
Current Laakags Porf-tast Results. Statistics not calculated. Al valuoe were well below tha
gpacification of 100 micrnamps.
Proof Pre-test Resulte: Mo evidenoe of fluld leakage and no drop In tast preesure obzarvad on any
davice,

| cimToMER: TEST: BNPROCESS IP-2 TEST SUMMARY PAGE 7 OF 8

- TESTED BY: Flains Rasa , QAA TEXAS INSTRIBMENTS INCORPORATED | vEnce 77P5L3-3

APPROVED &v:  Jim Watt, ORA UATERALALS & CONTROLS GROUP Doc.: PSgs-53
DATE: June 26, 1995 IR ATTLEBORE MASSACHUSETTS (2703 FLE NAME: PH BS-53.d0c
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Proof Post-test Aesuits: No evidence of fluld leakags and no drop In test pressure observed on any
device,

All six switches met the acceptance criteria in the Ford ES epecification.

284 Salt Spray {#45 through 54)
Calibratign Pre-test Results: Thea average actuation was 250.0 pslg, and the standand daviation was

6.5. All values weare well within the specification. The average relpase was 172 psig, and the
standard deviation was 6.5 All values wera well within the 40 psig minimum specification.

Calloration Post-test Resulis: The averape aechiation was 242.7 psig, and the standard daviation
wag 5.0. All valraz wars wall within the spedification. Tha average relsaze was 156, and the
standard deviation wes 4.68. AN values ware wall within the 410 psig minimum specification.

Voltage Dmp-Frs-t'aat Resulte: The average vollegs drop was 27.0 millivolta, and the standard
dawiatlors was 0.6 All valuee wars wall within tha specification of 200 milllvoits maximum.

Voitage Drop Post-taat Asstits: The average voliage drop was 774 millivolts, and the atandard
deviatioh was 5.9. All valiiaa wars well within tha apecification of 200 miliivaita maximum.

Current Leakage Pre-test Results, Stafistics not calculated. All values ware wall below the
spechication of 100 microamgps.

Currant Leakage Post-test Results. Statistics not calculated. AR values were well helow the
specification of 100 microamps.

Praof Pre-tost Results: Mo ovidenca of fluld leakaga and no drap In test pressure obeserved on any
device. ]

Proof Past-test Results: No evidence of fluid leakage and no drop in test pressure chservad on any
devica.

All slx awitches met the acceptanca criteria in the Ford ES spaciflcation.

Pre-test and post-test actual switch test reautts am attached at tha end of this tast summary.

[custoncs: Y [vesr: nwerocess W vesT Sumany Pace 8 or &
TEeTED 8Y: Elsine Hose , QRA | TEXAS INSTRUMENTS INCORPORATED | DEVICE: 77PS5L3-3
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A% a quick chack on Dale“s previous work, we meacured the assambklad height
of a dozen @ach, gQuiet and sSnap, discs. The disc meEasurement mas takan with
a dial indigator, as-assembled, using an actual 27713 cup end copverter,
measuring to the converter hump. Each test ot of 12 represents 3 discs
taken from 4 differant lots. Each disc mmagsurenent was repeataed 2 times and

averaged to obtaln the numbers ussed in the statistics.

The results track Dale’s axtremely well. The difference observed was Q,0011"
grester for the shap disc, verszus 0.0012" in Dal="=m study. Standard

Deviations =zlso compared well with Daie’a, at 0.00030"/0.00032"
varsus D.00044/0.00024 in Dale“s study.

Regards, Steve 0.
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