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Just m short nate o remind everyone what neads to get done this weelc

“Instrumented ¢urrentieumn test

Qid BF wdwater runm‘rlc) 5%

. dance
« 5% salt watar and FR bases (probably 2 or 4 attempts wil beneeded % S4hr Sisb 3123
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forgot to send them.

<<Fard 3_17_99.ppt>>

1 TI-NHTSA 012044




- — Nl B ——

$¥8Zi0 VBLHN-IL

Wer amil o coMMlmt
“__."ﬂ_.m‘lﬂ




or8Z10 VEBIHN1L

Bruke Fiskd




o Ve ——— ..

LyeZL0 VELHNLL

..... —_

Jom Brake Prossure Switch

MMWEMMPMhm




Ti Progrivtacy Information: Auerwy-Cliaat Privilege Involoed

PSAS/IZ REVA _
312299 |
77PS Ionic Rich Fluid Ingress
Experiment -
Abstract

This experiment has demonstrated that ionic ich fuid ingross into the electrical
connector cavity of 7TPS2-1 switches, while the switches are powered, can degrade
rwitch components sufficiently % cause an undesired thermal event, Specifically, results

* ghow that an jonic rich Suid such ax saft water is naceasary to cssa the level of corrosion
TeCtesary 10 cause a0 ignition,

mmmﬂuﬁmbjwhﬁmmmdmlm

 for-up to 24Yhoura with the switches powered it 14.5 Voliz DC.  Results bave shown

that brake fluld, (regardiess of whather it is pew or used, mixed with. $% wmer or withow
water), is not jonic enough to cause mossurable corrosive offocts on T7ESL2-1 switche

© ower & (24) howr period. Top waler and rali weter have bogin shons fo be betwesn (2)
. coud (4) times a3 jonic ax brake finid  Thny heeve been shows o cavse considerabls

corrosion in {4) hours or fess. Tt has also beeo shown that tap water with 3% NaCl i»
approximately (3) orders of magnitude more inpic than brake fluid and has ceused
mnuhnﬁnmuludlummmunmluﬂunmhﬂuu

Purpose

mmwmwwmmmwmmmmmﬂ
TTPSL2-1 rwitchos st an socolorated rate. The intent was to quantify the corosive

- offects of 4 matrix of flulds on the shectrical components of 77PSL2-1 switches and

coralste the results with specintens from the field. Onoe a cocrelation is svtablished, a

- suspest fuld can by ideniified and the mode of ingress detormined.

The test setup In this experiment was designed to emulsts switch opersting
conditions as used in Ford applications. Fach switch war mounted st 3 45° anglé,
electricetly wired to & Ford power steering cluich sssembly and powsred i 14.3 DC
Volts.

Based on the operating sevironment of 7TP52-1 switches, (7) fluids ware
identified ax possible ingrees vuspects: Each of thete fluids wis tested independently
under the same opersting conditions, using the:same instrumantation.

Thufuﬂuwln;iummuﬂmwuudhmduuﬁ:m

DC Power supply.
VCR Camcorder .
HP14901 A (20) chisnnel mulupdm .
Data Acquisition System
%} Shunts calibrated at 100 Amp = 100 mVolts.
mer

TI-NHTSA 012048




1 Progrietry kiformation: Attoeney-Cllt Privilege Ivoked
mam REV A
k|

l'rnuthlu
mmwmmmhmmmwmwmmu
shown in Table 1, below. Enhﬂmdmhﬂdmdopmduﬂynﬂmlrmhﬂw
conducted ot o time. A new switch was use for each flnid.

Tabls 1.

[ P Tesid TTe Dursdien (approximaic)

Wmmﬁrwt) Z4 hours

Nawﬁnﬁmwmr " Wl.tu'

A)  Sawmpie preparation. '

A small hote was drilled through the base of s 77PSL2-1 swiick, next 10 the terminal
londs ax shown in Figume 1, below. mupnnmmmmurmmm
contact cavity of the switch).

(2) holes were drilled into the side of the wwitch bese, which did not ponetrate through the

base wall. A K-type thermocouple was placed in each hole a2 sthowa In Figure 1. The

Figure 1.

THNHTSA 042049




Tt Proprisiary Infowmation: mmm
PS/I9YI1E REV A
lpel

B)  Swistch Mount Seiup
The switch was acrewed © a metal teat block, that was clamped in a vice a1 4 45° angle.

{45* is the position of the switch in Ferd applicetions). The switch was orientated such
that the moveable terminal oonnector iead wat Iocated st the bottom of tha ewitch.

Figure 3 below, shova the switch mount setup in this sxperiment.

C)  Wiriag Betup
Figure 2 below, shows a wiring schemutic of the test satup.

Shunt 1 was connected between the power supply positive tarminal and the pressure
switch movable terminal through the Ford connector.

Shunt 2 wes connected between the positive terrninel of the Ford chitch sesembly and the
pressune switch stationary teeminil vie the Ford cornecior.

Shumt 3 was wired from the switch test block 10 the negative terminal of the powver supply
{also referred %0 a3 the Ground Voltage). _

A Ford chuich assembly was connected in serios with the pressure switch, represented s
an inductive load in Figure 2, above,

.hﬁmphﬁnphudlnﬂndrppofﬂwl’ud clutch assembly; betwean the coil

and housing
(SuFIpn!beluw hlphohufﬂutmmupmdmﬂmmpmm}

THNHTSA 012980




D)  Test Precedure

A data acquisition system was used % record the following mossurements:
Time (= clock time).
Seconds (= elapsed time in ssconds).
Ingut cutrent (= total current from power supply (M1 of Figure 23).
Clutch current (= current through Ford Chatch Asaembly (M3 of Figure Z)).
i : Hexport current (= cumeat through fluid %o grounded haxpart (M2 of Figure 2)).
i . T1 voltage (= voltage &t node T1). '
T2 voltage = {voliage at node T2).
Ground voltage (= voliage st negative terminal of power supply)
Switch top tecaperatune
» Switch bottom temparziure
Cluteh tempeature.
The test results were logged on an spreadshest.

TINHTSA 0129%1




T Information: Il'ukul

Proprieuy Inuees m&nm |
m:mmdhmmmwﬁmﬂrmmdﬁu
. particuler towt ({24) hour tests were set at 8 sampling interval of {10) minutes while (1)
hexar teyts were 3ot at  semple imterval of (5) seconds).
lds\fnhtnl:puwurwutpplndmﬁumtdtndﬂuﬂnumum
{3}huwuimvidlnhpadﬂmthﬁmufﬂnm{24}mmmnﬂudn

taped
Mmmbmhmmummlppﬁdm the circuit,
Aﬂu[lﬂ)md‘mﬂqﬂumﬂdﬂ,ﬂnmw&rﬁﬁ!Mwlmmﬁd
with the seet fluid.

The switch contact cavity was reiilied several times during (3) hiour bewts but was not
refilled during {24) bour tests. mmaqmmmhm)mmm
mrwudhﬁciﬂi?ﬁmmd'mhm _

E)  Sample Disassombly

g:mmﬂmaudugmmwpw (umnum}md
sssembled
Th:hnnﬂmpmmntﬂumltﬂhmwmdmmm

F)  Sample Ansiysls

- Bach sample was submiitted for analysis 10 detsrmilng chamical octitent sind degree of
corrosion, (Nots; At the time of publishing, ssmple analyses were oot avalisble).

gmmmmmmmwmwiﬂuwmﬂ
repoIt .

Results

Thshuq:uﬂmnmﬂ:hﬂniht(ﬂ]humd:llﬁmﬁumm!mimﬂ! :
below. Figures 4 and 5 differ only in their scaling: Figure 5 is |5 Amps full scale while
Figure 4 i1 15 milli-Ampis full scale. The large spikes that sppear in these figures may be
attriburted to times whes ks connector was momertarily disconnected from the swikh
uduwmdhﬁdlm#ﬂlingufﬂ:uwmﬁmﬂ&ﬂmi

h(lm)mmmmmwwhmmw-um of Figare 4,
to flter out datx scater md spikes that were recorded. The wreadline of Figure 4 shows
that the hexport currant remained relatively stesdy st sppeoximataly ¥ Amps (average)
for the first 100 miiutes of the mat. Over the following 60 minutes of the test, the'
hexport curreut steadily inoressed untl it reached sppreximately 2 ¥ Araps (average) st
which paint ignition cocurred and the test was stopped, The hexport cument dats for the
rmniningﬂuiﬁhﬁ}uﬂnd‘mmmmmwwﬁmnddnum
lppu-nn:huuluﬂ’iwru

TI-NHTSA 012062
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Figure 5 below, sthows

the hexport curronts of sil (4) brake fluid tests just shove the noise

floor at batween O and 3 milli- . Rain watée and tap water haxport currentx
:4}ﬂm-mwmmm%mmmm:mwﬁmm

Fhurefl.
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the hexport curret for all brake fluids, remins betwewn 0 agd 2 mAmps. It also shows
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TI Bropriciary Infonmition:  Attorney=Clicst Privilepe hwoked

PSS REV A

w2
. Figure 7 below, contains photos of switches from I:lmke fluid experiments The awitch
? . base of each sampile is located on the leR and the sensor assembly on the right, in each
| phato. Vigual analysis of these switches indicaies no corrosion of swvitch componens.

' The black soct visible an the photos are deposita from ingredients and contaminamts in

the brake fluid. These deposits wipe off the switch with no effort.

Figare 7

. ——r———

Sualy duposity wipt away iy, |

-+ HOUR TEET
ARE FLUID BY% WATER. =+

= rlf..“._JFi CLEAN BRAKE FLUID TES

Figure B betow, shows photos of switches from the tap water and rain water experiments.
Thess photos show retatively high levels of corrosion

An additiona]l experiment was conducted in which a 77PSL2-1 awilch was fitled with rain
waler and allowed to sit without power for {24) hours. Thia switch is shown in Figure 9,
below, alonguide the rain water switch that was powered for (3} hours. The switch
without power showed no sign of corrosion, indicating that ionization is the mo
Comparison of these swirchex shows ihat switch corrosion (s cansed by ionic

degredation.

e b T—T——

TI-NHTSA (M2087
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T Proprigiamy Infarmsdion. . Atiormey-Clics Privilege Inveked
PEANf12 REV A
f22mn

Figure 10, below, shows the intemnal cavities of the switch that was injected with 580 salt
witer. Anextremely high level of cormesion is.obviows. Based on these photes and the
hexport current data for this switch {see Figure 3), it is obvious that as comesion builds in
the swilch, an eleciric path from hot terminal leads o ground, is completed. Eventually
sufficient current is drlwﬂ to the hexport body which results in an ignition.

Figure 10,

Conelusion

Based on the findings of this experiment, it haa been concluded that ionic rich Auid
ingress into the contact cavity of 77PS1.2-1 switches can degrade switches sufficiently to
cause a thermal event. 5% NaCl dissolved in:tap water has caused ionic cormosion which
resubted in a switch ignition,

The jonization level of brake fluid has been mmadltuppmnmlyu] ocders of
magnitude balow 5% NaCl in water. Analysin of switch compopents tested with brake
fluid has shown zero corrosion present. Based om thesa findings, brake fluid has bean
elimingted a8 a suspect fluid contributing to switch ignition.

Switches tested with tap water and rain water have shown levels of ionization (2) to {4)

_ times hlglnrthm brake fluid and {2) orders of magnitude lower salt water, While

corrosion is present, the levels are very low lﬂd further investigation is necessary before
3 conclusion can be made.

TI-NHTSA 012958
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77PS Innic er.h Fluid Ingrm
' E:perlment Report

Sectien I: .  Abstract

B)  Switch Mount Setup

Sectton V:  [sed Braka Fluld With 5% Water Ingress Expeciment
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Data

Results

Discussion

Conclusion

Saction YII: New Brake Fluid With 5% Water Ingress Experiment
"~ Data
Results
Discussion
Cooclusion

Section IIX: E&Wﬂﬂr Ingreax Expariment
Results -

Dlscuaxion
Concluzion
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Tap water x83 raip water sirey ¢ g

 that of braks folds tesed. Mhmmﬁumﬁummhﬁﬁrﬂnmﬂ
tap water wwhichss bot wvidenoes % suggast & possible buildup over time. Forther
{mrvestigation on min wmhmﬁﬂhmmm

b @V ’I'hhq-imut hshulmﬁﬂﬂhwhbhmnmhyd k
R A acoslecated rate. ‘Thel insent wes to quantify the.
TN ofa  of fluids ou the eloctrioal components of 77PSL2-1w
- oorrelate the with specimens obtained from the field. Ounimidnnh
- uuum-mﬁﬂdmhwwmnmudmsmﬂ!
The test wa Jesigned to earilate switch ?"'\Tw}

_—————— e ————
e -
. '

¥ Ghed in Ford applications. Bachiswitoh wes mounted st & 45° sugh, r\ ut

Munmmmmmmwmum ﬁ‘f‘"’f
- Muhmmdmlmmﬂﬁﬁm . q_ff\" :
‘identified ns possible ingress mepecis, m&mm“wm s

@pf mmmmmmmmm
["’ N Tnstrumentativn. '
4 i mmmmm“mnmmnm

Pﬁ& DC Power supply.
VCR Comicorder. - '
“HP3A901 A, (20) channel roultiplener.
- £3) Shosty callbrated at 100 Amp = 100 mVoly.
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TI Proydlotry Information: Alisrsey-Cliant Prtvilage Evvokood
P3/95012 Ditaft Copy: ot for relense

Frooedure

The following proosdure was followed for the (7) fluids tested in this excperitneat, m
shown in Takle 1, below. Ench flok) was testad independently and only ooe test was
conducted at a ime. A new tvitch wies uxe for each fluid.

P T
oot {Approximate)
b s S T Ve Ty g, | ot
Uned with ot '
"New Bicake FRld . ahm
[ New Brake Fluid with 7% Tap Water (0 weaght) D
e - 3 houn
Xy ¥ houn
Top Witer ' henmry

A-)Sl-rl-m-ﬂnl-

A emall ola was drilied through the base of a 77PSL2-1 wwitch, nex to th teeminal
Joack 21 shown in Figuce 1, below. (This port fusllitated injection of fhuids into fhe
oomtact civity of the swisch). .

ﬂ)hhmdﬂﬂdmﬂndﬂuoﬁhnﬁb-qwh&ﬁdmtmw&ﬂ
base wall. Amw“MhﬂMIMmﬁml

Mmmﬂwﬂhm
Figare L.
Finkl dnjenticn
Thermmsmpls i
Malte
ool
m)
nilery
Touminn|
m
Thrmsnpls
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T1 Proguietery Information: mmrmm
PASY11 Drall Copy: ot for relemse
s

B) mmm
This rwvitch wa screwred 10  metal test block, that was clamped in & vice sta 45" angle.
(43" is the position of the switch in Ford applications). The switch was crientated such

that the meoveshle terminal connecsor Jead was located at the botsoun of the switch.
Figure 3 below, shorws the switch saount setup in this expariment. -

C)  Wiring Selnp
Figure 2 halow, shows o wiring achematio of the test setup.

- Shunt 1 wag cozwscted botwoen the power supply positive teaninal and the pressre
switch movable terminal through the Ford connector,
Shuet 2 was conpacted betwean the positive terminal of the Ford clutch sssembly and the
Shum 3 mmmmmﬂ“mm supply
Wi ot o terminal of the povwsr
wtﬂuhl?md‘ifﬂm]

chotch mperab “mmdhmmmmmmn
wn inductive load In Figore 2, sbave.
Aﬂthummm was placed Ln the s gap of the Ford chuich sssenbly; hetween the coil
(See Figore 3 below, for & photo of the toet sefup used i this sxperimont).

T-NHTSA 012068




T1 Proprictary laformation: Atorey-Cléut Priviiags bevokl
rm Drat Copy: st forrulomse.

mlmﬂiﬂﬂﬁhﬁuﬂdhmﬂldﬂnﬁhﬂuhmdh . Y‘.’J
particalar tewt ((24) hour tests werv set a1 » sampling iwbarval of (10) minutes while (3) '

howr tasts were sot st & semple interval of (5) secouds). IL"‘)( _
14.5 Violts DC power was appliod 1o the swiich mnd the tiner reset 10 ze. ﬁ:

{3) hoor teew were video tapexd from the start of the test. (24) bour tests ware oot video '

-gmﬁmmmmmmmmuﬂm
#&mdmhmw ﬁ!wwnfﬁumtﬂww
mmmhwmummmmmmwwum : k
refilled doring (24) hour teets. MMH#MW&MM“M

: mrwﬁdhhhﬂﬂﬂ“dﬂlﬂpﬂt .

T Samplo Disasseably
wwa-mmmm-mwmm}-ﬂ

Tho intarnal cxamponcita of the switch were photgraghed rd observations wire nosed.
¥ Semyple Anaiyshs | |

Ench sacgple was pubmitied for sualysis & deetuiine chemical cootent and dagres of
COTORiOR, MMHW&MWWM&W}.

Duta

Emhlﬁﬂhﬁlﬂhﬁimmmmmmﬂm&
report .

mmmhmﬁumhmnmmnmmm4ms
below. . Haxport cucrest is the corrent that trevels from switch hot sarminals ty hexpart
body via the Tid medium. Figuros 4 md 5 differ ooly in their sgallng, Figure 5 s 15
amps full scale whils Figure 4 is 13 milli-smps £l scale. The large splkes thet appeer in
thess figurws tasy bo stirituted 10 tmes whan the ocsmector vas momentarly
mﬁmﬁhMﬁMEmm&mmm

A (100) point mmmmmnmmmwududmg
* to flitor cut duss sascer and apikes. This trendiine:shows that hexport current renained
relstively stondy at approximsstely % Amps (svoruge) for the firet 100 minutes of the test,
thWMﬂhmﬂnMermmu
mmmm{mummmmmhu

wes riopped, ‘The bexport curtwot duta for the rmaloing fuide is (3) ordery of magaitude
mmMWmhﬁhmmm&mhﬂﬁm4
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P/99/12 Daft Copy: not for sekease

. FigaureS below, ahows thio hexpert currents of el (4) brake fiuid texts just sbove the noise
floor at betwean 0 and 3 milli-sinps. Rain water and tap water hexport currents are (2) to
-(4) times higher than brake fluld hexport urmeais at 4 and 8 milli-smps rospectively.

Bigure 4,
:’;::ﬂlmnﬂn
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TI Propristary Tefderoation: Ationey-Cilent Privilege Invokmt
PASY12 Drxit Copy: not for melcase

Pigure &
Muaport Cusment W, Thms
Fluld Ingrees Expesinsnt
_— Y T | ) e, SR AV, [P Bl Wikime]
o
L L O T
o J : 1- L I :
: R e vaiag L (e et ' Rtsen] va -t Oult Wkt Taet
(X1 LN : |
N izl B
0 %00 2080 30 400 =00 L am ] - 16004
]

Figure & below, shown the bexport cument for all (24) hour tests. This figure shows that
the hexport cusrenit for wll brake fluids, romains betwoen 0 and 3 milli-amps. Italzo
ghown that brake fiuid hexport cyrrents ramained flat, indlosting no elsctrolysis or
bullduy of coitosion (ss also indicated by taspection of internal components).
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T1 Propetetary Extmation: Aftornay-Cient Priviloge Lrvoked
PR50/12 Dsah Copy: ot o relonse

Y2209
Figwre .
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Pﬂﬁlﬁ Ewnntﬁrnlam feked

halore, ghov mmmﬂmmwwwmmm
chagirennely high level of cocrusion aod NeCl buditp i obvious. A chemical
andlysls-on the TRTSEHOon was not svailable st the time of publishing. Based oo thess
phnmﬂhwuﬂmﬂdﬂ{uﬁwu!],ﬂumﬂﬁdqmﬂhimm
ek NaiCl build in the switch, creato kn eléctrie path from hot tarminal leads to grounded
hexport body. uwmwmmmmmm
up. &u-:&m!pounumuwmdlpﬂﬁmnm

- .mﬁn 10.

Mmﬂ&dhmofﬁsomﬁmﬂﬁhubmmnﬂudedwimﬁcmh&id
ingtoss into the contact oavity of 77PSL2-1 switches can degrade switches sufficlently to
cause a thermal svesrt mmammmupmmmmmmm
buildirp in 77PSL2-1 switches which has cutminated in an |

Leap icnic fivids have not shown a bulldup of corroalon to. suggest an eminert ignition.
Stray corrent lovels in brake fuid tests, bave been measured &t spproximately {3} orders
of magnitude below 5% NaCl in tap water. Analyses of the brale fhuid switches have -
shown no indications of comosion. Based on thiese Aindings, braks fhid hes beea

- eliminnted as 3 suspect fluld contributing to switch ignition.

_ mewmwmmmmwmlmmm
(4) times higher than brake fluld but (2) orders of magnitude lower than salt water.,

Whﬂnmﬁmhﬂﬂble.ﬁaluwhmmbw Further investigrtion is required.
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D)  Test Precedurs

A dufa acquisition systern wan usad ta record the following measurem ents:
Time (= clock time).

Seconds (= elapsed Lime in seconds). ]

Input current (= total current from power supply (M1 of Figure 2)).

Chatch current (= current through Ford Clutch Assembly (M3 of Figure 2)).
Hexport current (= current through fluid to groundad heeport (M2 of Figura 2))
T1 voltage (= voltage at node T1).

T2 voltage = (voltage at nods T2).

CGround voltage (= voltage at negmtive terminal of power supply).
Switch iop temperature

Switch bottom tempersturs

Clutch ternperature.

The test results were logged cn an spreadsheet.
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Figure 7 balow, shows photos of the switches from braks fhuid expeciments. In each

- photo, the switch base is located on the left and the ssnsor ussembly on the right. Visual
analysis of theao ywitches indicates no corresion of switch components. The black soot
vizibls on the photos sfe-deposits fiom ingredients snd comtanymants In the brake fhuid.

Theso deposits wipe off the switch with 10 effore, -

541 HOUR CLEAN BRAKE PURDTES

Figure 8 below, shows photon of switches from the tap weber and rain water expechmants,
Theas photos show rlatively high levels of surfices corrosion,

Az additional experiment way conducted in which a 77PSL2-1 switch was flled with rein
mmdannwudmntmﬂnnpuwh(:ﬂhnum Thiy switch is shown in Figure 9,
below, alongside the rain wator switch that wag powersd for (3) bours. The switch,

w:tlmutpnwu showed no sign of corrosion, indicating slectrolysis xs the mode of

ﬂ(fﬂw £V ﬁ']q
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ﬂwm M-Wm
mmmmu— o

Fnrd Clrnult Robustness h 77PS Ion Rleh Flwid Ingress
_ - Exptrlmtnt

Abstrast

A 200 mAmp curreat linziting cirouit design hes besn proposed for use with 77PS
switches in Ford sppEcatiocs. (3) separate experinents were conduoted to test the
MM'MHMMMMMMWMWH'W
hML:MMthﬂMmuﬂlﬂum
uader worps case somaric opaditions for (48) bours,
nmz.mmwmmmmwmﬂlu
switch reached s stats of impecding igwition. (Empendingigeition I definelass
oondition whiere switch igaition would Save cocurmd within (10). mimds had testing
continued), The lﬂum“ﬁnwhhmw
lisaiting ciroutt for (18) bours.

. hwmnmhﬂriumw- Mhhmuhm 'nu
- mciomm wwisch power, puul:llhﬂnm.d was appiied 10the henter.
Resuity from these experineants olearly ahow that 7708 rwitches will not rench » state of
potetial ignition in the proposed olrouilt dewign. Resulie alno show that wwen I s siate of
Mmmmhhmwmhhmmuip

. W nuchent m ignition,

Eackground

Inﬂhnthhundﬂd:m%ﬁn]nhd?dmﬁ.nhmm
lsading o switch ignitions mwl wxperiments, 77P8
m-—-wu(:mmm suljected to Jou theh fgld
- ingress. Electrolytie tomrosion of coombuents sud tie bdldup-of ¢ tﬁdﬂn
sieotric peth fhom hot switch terminals to the switch haxpect g _
'MMMMM-MMhmm
components which glowed red hot. Hetpodt cusrent axcseded 3 Arups (xverage), aritical
oonditions were resclied and ignition renlted. A schesstic of the proposed aurment
Hinniting olroxilt is shown tn Plgurs 1, below.

 TIHTSA 012088



1) lhkmuﬁamh&hmm
2) Limit power ot the vwitch 1o 0.74 Wlts.
3) Minimiye the powibiiity of sletrolytic oomrosion tough;
Mmmmmu-ﬂﬂhnwmmm
" B) Reduction in switel surfsor sred. expoesd t0 & voltage potential sbove ground
MIMMHMMhMMWN

a}mmmnﬂmumhmuuwm
_. mnmmmwmm _

M . m:-mmummm

A worst casa soemmrio for electidtytie comrogion, in fhe progosed gurrent limiting circuit,
iuﬂnﬂnl Ewm:nmmanmma

galy in s ignition oo, brake:on condition. Experimant 1
mmumhmwmmumm A

2 TI-NHTSA 012986



Mﬂlﬂ*
mhrmnm w

W15

m#hmmamuﬂm:m Tnﬁdﬂwmrﬁl
movabls terminel (T'1) was s the pwitch loft in the closed state. In this
gondition, tha satire slectricel aontact ﬂhwwm 'I'ﬁhh;hlnh
et than the worst case sossario.

: WIHMHMMJIII‘!#“WE#M
‘ciroolt & sélecis mt i A TTPS pwitch wan brought i impending {ghition in the
15 anp cirenit showa in Figare 3, below. (Previous teets o 7795 swiichas, ia the 15
amp sirnit, bave reimbied b rwitch ighitions). The ignition switch ws
mhhlimﬂﬁnﬂ“hhmﬂd MMMM'
dmﬁt{tumz.inmh(ll]hm

o  TINHTSA 012007




Expwimentd:  Msxissom Power Ingot

The proposed 200 mAmp ourrent Hmnlt cirouit design Goeity the power 1o the switch,
Experiooem 3 was conduceed 10 Wst & worst osse sconnrio, whars muximum potesr is
cumnpad into the swiich. A relstive heating wire wal wed 10 situlate w sledtric bridge
from hot rwitoh terminaks to bexport grovad. The mxximum power, postible im the
proposed ¢irouit desigr, was pumped ik the hakting wetvat.

Precodure Experineut 1t {(48) Howr Curreat Limiting Ohreult Tost

A fuid injoction port was driflod throogh the base of 8 T7PEL2-1 switsk, noxt 1o the
tarmvinal lasde as ahown In Figom 4, balow. mmmtﬁm&ﬂdh
mwmﬂmm




71 Proprigtery Infermation:; mmm
PEVTS MWHH‘“

The switch was screwed 10 2 maetal tert-block, which was clamped fna vios ot 3 45° angie.
{45 1n the position of the rwiich in Ford applicetions). The switoh was crisatzted such
that the maoveshbls terminal mm“hﬂ#hw of the wwitch.

NMMHHHHHMMMWHMEM

mmmunmmdﬁ.mmm&mm
The supply voliags snd hexport oarrest wete moniomd throughout the test.
Mﬂmﬁuhmﬁwwnﬁmm

Fasults Expevisst 1: mmmmwm

A stmedy current of 150 mAseps was reeamired 10 export grousd, twoughout the (48)
- howr tmgt.. The fiuld level requived replanialiiag oaly once. Thers wis 00 activiy noted
thronighout the tast. Figiwe 3, bulow thovs the disassembled switch xt test complation.
Thaphot ou e Lt hdws thet the swikch faoteot e is fally istace. hh(ll)m
mmm-mmummmm

s | TINHTSA 012989



by Indormation: Afommey<Ciiant Priviioge Iavoked
m::mﬂum_ '

_l"mullnnhpﬂ'luuﬂ. mi‘w

. - TIPS m“m“dmdundhdhhMMh

w3 Mmhmﬁﬂﬂdmﬁ-um shows schematically
?hmwh#hmﬁuﬁﬂwﬁnﬂhﬂlmﬂm
solution throughout the test. mmmmm

Whan conditlcna reached the poist of MWMNH&Q&W
the switch was removed from the test setup and placed ia the proposed currest limiting

.. pircait for (18) houn.

huMﬂnnﬂmMﬂnﬂmm '

' mm:: hmw

mmmnmmmzmhmm 160 mAmps
# ‘Tie Buid lovel stated full throughiout the test snd w0 eativity wes
Fipue §, below, shows tha dissssernblad switch used in the impending
Th-l. Tha oootact e is cotpletely carfoded away and schstantinl
oorrosion hes socunwalated. _




Propristary Information: Atiorawy-Client Privilege Irvobal
?ﬂﬂi Dmcw_ﬂuhlﬂl '

"Precsdure Ezperimant 3 Masimum Power Input -

A mrall ooll of resimive wirs was wrpped around the bamse of « switoh, The muximum
POWEE, mmmmmmmmuﬂum Hﬂ-ml
observations were recorded,

huﬂnmmﬁummmmhhmdmmm
retays (P/N FOAB-14B192-AA) were characterized. The rosults are shown in Figure 7,
balowe, which shows voltage verses curant. The figure shows that the relay functions as
£ 70 2 reistoe over the opecating cenge of intarset.

= F R L EE
-_
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mmﬁmﬂ-mmhmwa)mumumm
Figure 8, sbove. Rrelay is the relay resistince and Rewitoh is the switch resistance 1o
hmqpumd Using Ohm's faw, hmhMMhmMpﬂdhﬁu

BEquation (1) maximums ocoucs when dP/dRawiich =0, Ml’-ﬁhmu

Rowis vislds equation (2).
a—-r{a=y)

Ecquation (2}
Seiting Equation {2) = to 0, meximom porwar mmm-m
wmthwmmmm

Equation (3) ummm-m":m

* T1-NHTSA 012992




nmﬂnm manml-m

the meximum wilt powsr posalbie in the mﬂnimitll
gmq T0 = 0.7 Wets.

Rsnlts Exporimant3: mmmm

. Il'l'!\'iﬂﬂ’]mn'w-qlrﬁdtuthhlhnﬁm 'Ihhnﬂnjllmhdm
' _Munhmmmmmmwnm

"Cil:lllhl

: mm&mmmmmmwmmm Thie

gt oni than 35 Wats of power applied i mu{-nmnrmz) “The

wﬂﬂmnﬁuhmm power Boem 210 Wity in the scisting
10 0.75 Waita, mmummnﬂ Wmhmwmu

mlnhlnh.lhiun.
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Frem . r Warner, Pam [pwamer@Bemeil. me.d.com)
Seat: . Tueeday, March 23, 1!9994!!&!
1 'mm
Ces . MeGuirk, Andy .
Swlrject: FW: TESTLOG xIa
TR 1T

Hﬂl.‘r

Bers L» the Ille Andy MebSulrk would like :you to nuh & foll of and alse pix

black & white coples. Tharks for your help.

Fromi Dagua, Bryan

Hent; Tuesday, Barch 16, 1949 4:37 M-
To: Warper, Fam; Rahgen, Aziy

Cor Melelrk, Andy: Beringhauss, Sl:.-m
Sobjmot: RE: TESTLOG.xls .

<CTESTLOG 3-1T»»
Andy,

Chack Lt out to make sure the words ars Fight and 1 did not olss mrtﬁi.nu.

s you at 7:00.
ey

Fram) Sahxian, Mh

Sant: ‘Wadnesdey, March :I.U; 1!‘9'!"! 03 -AM

“Tal Warnar, Pam

Cai:  MoGulirk, Andy: Daguda, 'B.'I:jlll.'l.l n:!.nqmu, IEavan

Iuh:l-ct: TESTLOO . 218
«I‘i].n TRATLOG . ALe>>
Pam, _

_l"nr Ady'w ceElp tqdnrf

ards
Azlx.
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- ' Thase arw the sxcul Ziles, Andy-cwwly for toworzaw.
Pladda aotibact me immadiacely when thess wea reesived. I will walk you thesugh printing
the appropriate Tilmé, (308] 22423523,

EN Salt Water.xlm copetmina the 3§ Jale tluu:l.' plats. When you cpan Ehis fils Ehe fifar (1)
AEamty: mnn currant (20 hegs), (1D Mll aad (1.3 Aops) aesd o be color printed.

Ingrane mur xls bas tha othar plots q! inkarast. Thlr ape linked to all the cemaining
Zilan whioh need to be opened befors opaciog this file. I haven't fiqured out how to
braak tha link se I hope this goas o.k. Omee in Ingeess_master.xle, the lsst [2! shests
nesd to be printed out: (Hexpoit m.u::ln'-'- {24 hrs) snd Nexpert Currsnt (3 hgs).

© 4ESY salt WARSE.NLE»»

clngtuas_SmdaL.Klaxe
<<Usad Beake fluld 5% water.xla»» <cUned Brake fluid.xla»» <eT _Water.xla>> <<Rain

.nt-: Zlasy ﬁun Traks .‘.lu.td 53 WwaEAE. xh:-:- HIIH Brake fluld.xle»»
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Mareh 23; 1999
 TEXAS.

INSTRUMENTS

TO: - - Namim. Rob Sherpe  for Andy

Location:  Detralt

Phons Number:  (249) S05-3729
FAX Number: ~ (245) S85-5734
FROM: Sean P. Maltigen

Machsical Disign
Precision Coutrols .

mmmm

Phone Number: (508) 2362538

FAX Numbers. . (508) 26-3586
Total ‘anmber of pages {icluding header page): 11
COMMIENTS Far Andy,
Ragarding the Welbull Analysis
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Unrediabity, Fit
I

10.00

100. . =
10000006

0LOEL0 VELHNIL

B=5.83, y=1 64815, p=091

Syl Vellnlls+ 8.0 Page 1




Daa; N23%9
Usar: Liast'y Name
f.‘-ormnr Teas Insirurnania

User input: -

Wiesion End Tima: = 300000
Coenfidence Bownds Used; 2-Gided

Confdence Lavel: = 0.509
On the persmeinrs: : :
Lowsr=1.5T82 Bate=B.B312 U D2oss -

- Lowars10.5450E+5 Bla=10.3045B+6° Uppera4.001TE»S .

Welulh+ Ouiput : -
Lower GL: = 04743

: : = 096800
iy 0408
Confidancs: = 28 £} 0.966

RelsBok QCP End-of Oulok Results
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User's Name
Teams Insiroments
TA351PM
1.00E+7 '

. i
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D 32309
Usar: Livar's N
Comparry: Texas nanumaents

Usar nput

Misslon End Tima: = 0000
Confienos Bounds Used: 2-8ided

Gﬂnﬁdlnnl Lavet = 0.50
thi pAFETAIACE;
uw--z.ma Betamf. H‘W
Lower=11.9600E+§ Ete= Uppu-ﬂ.ﬁlﬂi-l-i
Wllsul++ Output :
Lemiwr CL; = 0.037T
Ralabiiny: = 09680
Upper CL: = 1,0000
Confidencs: = 28 § 0040

RellaGol QCP End of Quick Resulte
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