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§ TTPRLE-1: Impuise Detn Resuls 1181 - 122
| S=tinr-492 4,000 L]
V-Apr-52 1,000 3
2072 2000 5
SMay92 2000 5
GMay92 2,000 3
le-Sep2 2,000 s

2Baps2 4,000 10
30-8ep92 4,000 10

T0ct-h2 4,000 10 .

© 7002 4000 10 -

L6Oxe-92 4,000 10 .

i 10ct92 2,000 3 -
00c-97 4,000 1o -

S : T 0o 4000 10 -
! 29092 4,000 10 -
- ' WOct92 4,000 10 -
! &NovZ 4,000 I8 -
10-Nov-82 4,000 10 -

10-New32 4,000 10 -

1-Nowf2 4000 . 10 .

i 17-New-92 1,000 L -
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FORD Part Mumber  Taxas instrumeris Pert Number  Ganeration OF Maxiio Material UL Designation

FIVC-OP24-AB
FALC-APO24-AA

PIACAPSIL-AA
MDA-OFE24-AA
FDC-0F24-AA

T2 Coltanex 4300
T2 Calarex 4300

e e e R e
TIROLE Callanm 4300
TTRRLYS ﬂl-uim
TIMLIA G Moryl GTX 230
TIPALA1 GE Noryl GTX 530
TIFELE2 GE Noryl GTX 130
TTL QE Noryt 3TX 320
TIPeLEA Callarvx 4300
TIPRLA2 & Naryl GTX 230
TTPELAS Q8 Noryl GTX 830

H e W
TITELA2 Q& Nory G080
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f o From: Profs, Stephen (s~profa@omall me.t com]
' Sent: Tunaday, May 13,1999 3:21 PM -
. Tm Beringhatss, Steven .
L Clez MoGuirk, Andy; Pechonis, John; Dagus, Bryen
| . Sabjeet: 77PSL2_1.xls
. A ecrTemLz Lmlas
! SEave,

I'ta sumwarizad the data par cur discussion. I have alis xaviswed the filas
in oarkating without success, Flansa lest ma know 1f you neawd anything ales.

Ragards,

Btwavra
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. Sl 4,000 ¥ .
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| -2 4,000 0 -
-T2 4,000 14 -
14-Jan-52 4000 10 -
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2R 18R -] -
4ot 4000 1% -
sFeptz 4000 1] -
eGR40 10 -
1(-Fal-32 #,000 L] -
11-Peb-92 000 10’ -
Fel 400 10 .
Yi-Fe-l 4,000 L]
Wiz 4000 1%
Wl 000 1 .
Wi 400 1] -
19-Fue-23 4,000 10 -
24-Pe-31 4000 L] -
2%-Fal 4000 1a -
. o4 FebRl 4000 10 .
WPy 4000 1% .
-Eeb-vl 4,000 10 -
T-Fepil 000 10
' i-aipr-03 4,000 10
IIM :ﬁ ® )
i 11} -
Mz &0 0 - TENHTEA 0438;
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i 7TPEL2-1: Impulse Date Results 1191 - 1292

pratimingry draft susmary of TI record smrch flndings of My 14-[7 1999

wemmaty by Biove Boringhass & Andy MoGuirk May 19th 1999
TI PN TIPALL-1
| Ford N: FIVC-IP924-AR

Mi&mﬁfmuﬁ*gﬂ!!mﬁm
i ' Lot  Impule Oty

: Ige Bac Ioged Losk
: 26-hov-91 4,000 10 -
WPl 4,000 10 -
5-Dec-21 4,000 10 -
$Docl 4,000 10 .
§Dec-91 4,000 10 -
SDioc-91 4,000 3 -
11-Dec-91 4,000 10 -
. 11D 4,000 10 -
N 13-Tre-91 4,000 1 -
: 14-Dee-51 4000 11 -
L6-Diec-91 4,000 14 -
16-Dwg-91 4,000 10 -
2-Jan-92 4,000 10 -
Slae-92 4,000 10 -
T-lma-52 3,000 3 -
8-Jan-92 4,000 10 -
B9 4,000 10 -
[é~Jim-21 4,000 10 -
14-]im-91 4,000 10 -
L5-Jan-42 4,000 10 -
2Jarr82 2000 3 -
A=Jan-92 +.000 10 .
I o1 1.630 ] -
4-Fab-92 4000 10 -
3-Feb-52 4,000 10 -
6-Feb-92 4,000 10 -
10-Fub-52 4,000 o -
11-Feh-92 4000 10 .
12-Febo2 4,000 10 -
12-Fob.92 4,000 10 -
L4-Fely-52 & 006 0 -
14-Fely 03 4,000 10 -
T4-Fab-92 4,000 0 .
13-Febe32 4000 10 -
W-Reb9d 4000 10 -
25-Fuln-52 4,000 10 .
26-Feb92 4000 10 .
28-Feb-92 4,000 10 .
18-Feb-32 4,000 0
20Fab-92 4,000 10 .
G-Mar-32 4,000 w0
1032 4,000 HLH .
11-har2 4,000 10 - TSA 013574
12-0pr52 4,000 15 . Ti-NH 0
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v TIPEL2-1: Impulse Date Rosults 1181 - 1292
IEMar92 4,000 i -
INAp2 1000 3 .
2h92 2,000 s .
Shigp82 2000 5 .
Mupd2 2000 1 .
WSl 2000 3 "
| I3Sepd2 4,000 10 .
WBepds 4000 10 -
‘| 7092 4000 10 -
TOct-92 4,000 10 -
| 160092 4,000 10 -
1 210092 2,000 3 -
) 200697 4,000 10 -
29-Oct92 4,000 10 -
290092 4060 0 -
W09 4000 10 .
ANov92 4000 10 .
INov2 4,000 10 -
f 10-Mov92 4,000 10 -
: 1Novs2 4,000 0 -
; ITNov2 2,000 3 .
MMovH2 4,000 0 -
4Dec92 2,000 A -
SDexd2 2,000 5 .
14-Doc-i2 2,000 5 .
I6Dac97 4000 10 -
WDyl 4000 10 -
1Dec32 4,000 10 .
1L-Deod 3,000 5 -
-Deod? 4000 10 .

?
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prollminary doat susmsary of TI racard rareh fadisgs of May 1417 (949

vy by Steve Bartghuise & Amty MoCulri My 19th 1999
TIB/N: TTPSLY-i '

Ford PN F2VCASFYI-AR

Tesied o1 'room tamp’ pac comoufacturiag ES roquicsments

Oy
Lai Iopuln iy

) len Iemad  Laak
26Nov-Bl 4000 | 0 - .
26-Nogv-91 4,000 10 -
$-Deg-91 4,000 10 -
5-Deoo-91 4,000 10 .
SeDe=31 4000 (o .
*-Dx-91 2,000 5 .
F1-Dag-91 4000 . 10 .
11-Ducs1 4,000 10 -
L 3=-Dhac-31 &, 000 19 -
14-Dac-91 4,000 10 .
15-Dec-H1 4,000 10 -
16-D0-9) 4,000 10 .
2-Jan-92 4,000 10 .
&-fan-92 4,000 10 -
TJan-2 2,000 L1 -
Sl 1000 1o -
- Mafa92 4000 1o -
14-lm-92 1.000 1 v
L4=Tin-92 +:000 [1] .
19-hmr9 1,000 lo .
2 laoe¥1 2,000 -] -
Aajae¥l 4,000 lo -
a3 L4630 5 -
KR S 4,000 10 -
[N SN +,000 10 .
Fab52 4,000 19 -
10.sb-52 1,000 10 -
11-Feb42 1,000 10 -
12-Fab92 4000 10 -
12092 3000 10 -
© MeMeb¥2 3000 10 .
LiFaeg2 4000 10 .
LinFebe92 4,000 10 .
15-Pab-32 4,000 10 -
28-Fab2 4,000 10 -
W92 4000 10 .
J5-Fao=02 3,000 10 -
28Febeil 4,000 10 .
-Ei) 4,000 10 .
M-Febdl 4000 10 .
SMm? 1000 o .
100dar62 4000 L] .
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I ' I0-OcLa2 4,000 10 .
| 2909 4000 L0 .
1 902 000 10 )
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+-Dac-02 2,000 1 .
LDe0-51 2.000 3 .
id=Dac-92 2,000 a .
16Dtz o000 0 .
15-Dia-91 #2008 10 .
1.5 % &+ 000 0 N
21-Duo-92 2.000 [ -
21-Due93 +000 1] -
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Cwirey, Pat

From: MeGuirk, Andy [s-mogulrik@email. mo.tl.com]
Seatt «  Wodoesdsy, May 19, 1999 11:46 AM
Tas Eharpe, Robert
Cu Baountann, Russ
Subjest: my fir draft 77PSL2_1.xls
b TR

AUTCMOTIVE SEMEDRS AND CONTROLS ORR MAHAGER
34 FOREYT BY M/3 23-08

ATTLERORD, MA 02703

TEL : (808} 238-3086

TAX : (50B) 216-3741

WOBILE: {308) 20B-411%

PAGE: (ROD) 467=3700 PIN €04=2044

e TIPBL2_1.xla>>
Regards, .
andy
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Curpsy, Pat

From: Dague, Bryan [bdague(@email.me.t.com]
Samt: Wednesday, Muy 19, 1999 10:48 AM
Tu: MecGuirk, Andy

Importance High

g
TLL 1.y TRZ 150
Andy,

Eare are Both reva.

Rry
<<77PEL2_1.xlm>> <<7TTPALZ_Ll.xla>>
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From: Proin, Stephen [s-proiagemadl.me.ti.com]
- Sant: Tuesday, Mxy 18, 1999 338 FM
To: Beringhause, Steven
Cex Pechenis, Jobn; MeChuirk, Andy; Dagus, Heyan
Subject: TTPSL2_1.xls
oy
L. Raviend version of aprusdahast,
<<TIPSL2_1.xlua>
Fagurds,
gtevs
1
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TIPSLE-1: impuiss Dits Results 1191 - 1252

prolimingry draft summary of T1 revard seprsh Sndings of May 14-17 1559

wazhsry by Swve Baringhauss & Asdy MoCuisk May 108 1000
TIRN: TTPELZ-1
Foed PN F2VCAMILAR

Tatmed o 'rOCN Wy’ pov uiaon—ing E requinanam
. Qty

Lad Tnupuley oy

Dais iks Tagd Laak
28-Nor-21 14
25-Mov-91 10
5-Daa-p1 10
5.Dge9) 10

S D91 0
9-Dao-91 - )
1}-Dac91 10
11-Dgc-91 10
13-Duc-01 (1]
14-D-01 (1]
18-Dac-91 10
16-Dag-91 10
blamai2 10
&-Im-02 14
7-In-92 3
10

- 10
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Fromu Prota, Stephen [s-proiaipemail.me th.com]
Betit: Tussday, May 18, 1999 3:21 PM
To: Beringhause, Steven
Ce: McQuirk, Andy; Pechoads, John; Dague, Bryan
Subject: TYESL2 |.xis

T <<T7PBL2_1.xla>>
Stava,

I'veg surmarized tha data par cur diszassien. I hava alss reviswed the Iilax
in marketing without success. Flsasa lat e know i you oeed apything slas.

Ragards,

Etara

; TI-NHTSA 013888
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From: Mallligan, 3san

Bent; Thurweday, May 20, 1399 9:12 AM

Te: MoGuirk, Andy; Beringhauss, Steven
Subiect) Teat Raport Synopeir and tastlog,

Plaage review the luteat version of the Tast aynopaia and Teat leg.
<<synaopals.doo»>» <<IESTLOGH,xlad>> .
Revised itama cn the Teat Synopain are highlighted in red, Theze have beaan
ninor changes throughout the documant o ft is worth skimming tha entire

document (eap. in light of recent developmants).

The following itema havs basn updated on the test log;
Tast 14, 15a mnd 17.

Awpiting your fmsdback,

All the bast,
Saan P. Mulligan

Texas Inptrumants

Avtemotive Sansocra & Contraly
Kechanical Design

Phorne {508) 236-2835

Fax {50B) 23IE=3%E5

1 TI-NHTS8A 013889



TI 77PS Test Synopsis

This document ia a synopais of tests conducted by Texns Instroments during the 77PS
investigation. The intent of this documsent is to highlight test findings which drove the

jon to fig current state. Throughout the investigetion, several tests were
conducted with the same objective. When each objective was met, efforts were refocused
10 obtain & oew level of understending and io establish a new set of objectives. Aa yuch,
tegis have bean catagorizad into (5) levels, representing the lavel of inowledge obtainad
from the group of tests conducied. Each level is listed below with a short deacription of
the objective:

Leval 1: Create a labomadory switch ignition without say restrictions on methaods.
Level 2: Create a Iaboratory switch ignition taing only conditiotts found in the switch
mvironment. '

operating
Level 3: Understand the laborstory ignition mechanizm,

Level 4; Compare faciors contributing to Iaboratory ignition,
Level 5: Evaluate recommendeiions,

Lavel 1 Objective: Determine if a switch ignition can bo creatad in the laboratory.
. » Testl |

Objactive: Muﬂﬂﬂiﬁﬁmmmmﬂwhfﬂﬂm
labomtory conditions: :

Switch comirct cavity flooded with brake flnid mixed with varying
amcunts of % Hi0.

14 volts apphied to one terminal, second terminal alectrically Hoating.
(No elecirical load across switch terminals).

Switch hexport electrically gromded.

Renulis: (&) semples were tested total:
(2) with 4% Hz0 in beake fluid.
(2) with 5% Hz0 in brake fhuid
{2) with 10% H;0 in brake fluid.
{2) with 75% Hal) in bwake fluid.

No ignition occwrrad. No significmt tenperature rise observed in all samples,

Current draw ranged from (.5 mAmps to § mAmps over a peciod greater than
~ {250) kours,

TI-NHTBA 013880
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o Test2

Objective: Detﬂ'mine.lfmitchipitimmmmduﬂu following isboratory
conditions:

Smhhmmnﬂandadwi&uhnbﬂuﬂ.
14 volts sppiied to one terminal, second terminal comnacted to a 14 n
regintor which is tied to ground, (1 Anip load scross svitel texminals).

Switchs heacport electrioally grounded.

Reaults: {Z)mqiesmmod. No ignition ocourred. No significant
mmmuhmndfoupﬂcdm(zm}hnm

Conclnsion: A(I}Ampluldthmushmhd:mhnlumntipdhbnkaﬂuidh
the sontact cavity of switches,

« Temo

Objective: Deteemine {f switch ignition can oocur under the following
laborstory conditiona:

Heater element installed in contsct cavity of the switch.

Power applied to the hewter elament until plastic base melts.

Spatk genarated in coetact cavity of switch.

Brake fluld present in the contact cavity (wet devios) and abeant in the
contsct cavity (dry device).

Rasults: (2) dry devices were tested and (1) wet device was tesiec. Ignition
occuzred in ail devices.

Wei devige: The internsl temperature of 2 wet device reachad 660°F. A hole
burmed through tha base of the switch (close to ihe heating alement). The applied
apark ignited the fames in the contect cavity of the switch and engulfed the base
material of the swiich.

Dry device: The intemial temparsture of a dry switch reachad over 1000°F. The
switch base flopped over. The applied spark ignited the fumes in the contact
cavity of the switch and engulfisd the base muterial of the switch.

Conchusion: A switch ignition can occur under the following laboratory
conditions;

Heater alement installed in the switoh contact cavity.

5 watts of power dissipated in heating slement,

Bpark genoratsd in the contact cavity of the switch.,
Beake fluid did oot contribate to the igoition procoss, _
| TI-NHTSA 013891
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Lovel 2: Objective: Detacming if a Iaboratory ignition can oocur usisig only switch

components and olements found in the switch snvironment,

s Testla

Objective: Determmine if corresive degradation of switch electrical components
OAn cause an increase in electrical resistance (and thus a source of heat) in the
swiwh,wbichmquldtumisniﬂm.

Reaults; (1) out of (15} samples tested ncressed reglstance to 5 (28, A polution of
5 wit. % NaCl in Hy0 cen oorrode the electrical companenty of the switch and
caime an inorease in electrica] reaistance. Repeated infections of ths solution of
5 wt. % NaCl in H;0 into the contact caviiy of e swhich, with the swfich .
muhmmdatlﬂ’oh. o calse an ignitlan.

Conobmion:; A switch ignition can ocour under the following laboratory
oonditions:

A solution of 5% NaCl in HaoD is injected into contact cavity of s switch,
Continuous 14 Volt power applied to the switch.

Hexport is grounded,
Current is imited at 1S Amps.

® Testboe

‘Otjostive: Detormine if brake fluid with metal shavings is conductive ezough to

croate &0 ignition.

Resulis: (3) devices with various alwe metal particles were tested. Nani;n;lﬁm:t
curroat increase detacted.

fluid, Curremt lovels megmmed were woll balow Iavels necessnty to crenio an
{emif :

o Teat?

Qbjective: Determine if switch meets cyole life spacifioation.

Results: Tests conducted during the first querter of 1999 whow that switches
excacd oyele life spacification.

In the first quarter of 1999, 2 total of (42) 77TPEL2-1 anap switches weorw impulse
tested to-over 1,000,000 cycles with only (1) leak below 1,000,000 cyclas, which

TI-NHTS8A 013582
TL 778 Tast Symogals 01209 ‘ '



' occumed at 728,000 cycles. AWn'bullmnlmuhumdﬁ?%nHubﬂiqrnt

sm.mommummm

Conclusions: Switches meet cycle life specification. First quarter, 199 tests
confirm impulse test findings made during the period between 1991 and 1952
During that perfod, (6) impulse tesia on 144 devices of 57PS and 77F8
constroction, had no leaks when tested io 500,000 cycles, A Weibull asalysis of
first querter, 1999 tosts, showed 99,994 reliability st 500,000 cyalos at 95%
confidence lave].

e Tostl5a

Objective: Determine the kng term corrosive effects of brake fluid on the
clectrical components of switchea which are continnoualy powered &t 14 Volta.

Results: Tost was suspended afier 550 hours of tosting. (6) aamples were testsd
with continnous 14 Volts power. The contect cavity of (4) switches contsined
new broke fluid and (2) switches contamed old brakes Auld, Switches with old
beeke fluid drew very linle bexport cument and showed & decreage in hexpott
cugrent over time to lees then 1710 mAmp. Bsmples with new brake fluid showed
un increass in hexport current to over 20 mAmps toward the and of the 550 hours
of testing. Anelysas of (1) sample with neor breke fluid and (1) sample with old
brake fluid revoaled elocirolytic cormoion of the contast arm of both switehas,
TMmumﬂthnfmmhhwaﬁthuudbnkeﬂum
than the sample with new brake finid.

Conclusion: Brake fluid in the comact cavity of switches, which are at 14 Volts
continuous power for over 500 hotrs, can cause elecirolytic comoaion of the
switch contact arm. It is umknown if this corrosion, under comtinuous power
conditions, can evertually lead to sufficiont curment draw to drive an ignition,

¢ Tem17

Objective: Quantify the long term corrosive offecis of new brake fluld on the
dmhdmuf:whﬁumdwﬁamﬂnwhihmmﬂﬂm

Caniact cavity of pwitch flondad with new beake fhaid.
- Switches at continnous 14 Valts power.

Switches subjected to. vibretion for (1) hour per day.

Bwitches subjected to 100°C for (1) hour per day. -

Results:. Tutlmpmdaddhﬁu]hom {50) swplos testad, The average
hoxport eurmont draw after {312) hours s 1.5 mAmps with & standard devietion of
1.8 mAmps, There has been no incresse in hexport current. Thalumullsm
conkistemt with regults previonaly found fn Test 158

TI-NHT8A 013893
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Conchwicn; New brake fluid in the contact cavity of switches, bas not caused an
increass in hexport current after (312) hours et continucus 14 Volis power.

Level 3: Objoctive: Uuduﬁmdﬂnhhmﬂuwiﬁﬁmmdﬂmﬂuth:mm

path and establish a repeatable ignition muthod.

_-Tutﬁb

Objective: Understand the ignition process, determine the curreat peth
and agtablish a repestabla jgnition mathad.

Rematts: Muliiple attenapis at laboratory igniticn, via injection of a sohrion of
5 wit. % NacCl in H0 into the cantact cavity of switches, has reslted in o
repoainbility rate of approximately 50%. Plots of hexport current varses ttme
show an acrease n curpent untl] the point of ignition, :

Conclusion: A repextshle laboratory method for switch ignition was
established. Based on hexport current measurements, the ourrent path fa from
swhich terminals to hexport body.

When & solution of 5 wt. % NaCl in Hz0 is repeatodly injected into the contact
cavity of powered xwitches, electrolytic corrosion of the switch terminal
resulta in an incresse i teyminel resistance, 'When sufficient power is drawn
theough the corrouive resistance, switch elsments heat up and begiz to glow red
hot. A hole bumns through the switch base and ignition ocours, There is arcing
mmuﬁomﬂumnﬁmmwﬁchmpmﬁdeﬁumm

Level 4: Objective: Compare and contrast varisbles inflnencing ignition using the

ostablished Ieboratory ignition method.
o Toatl3a
Objective: Commpere varioos fluids in the esteblished ignition method.

Rasults: The following flulds wero tested.

(1) NaCl in Hz0.

(1) tap water

(1) rain watey

(1) used brake fluid

(1) usad braks fluid with 5 wi. % Hz0

{1} new brake fhld

(1) new brake fhuld with 5 wt, % Hy0

The switch fillad with 5 wt. % NaCl in H;0 remulted in an ignition when everage
hoxport current axceaded 2.5 Amps. Switches that were fillad with tep water and
rain water drew less then 10 mAmps aver s (3) hour tast and showed litile signs of

~ TI-NHTSA 013384
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corrusion. Switches fillsd with a metrix of new end nsed brake finids, with water
end without water, All drew less than 3 mAmps hexport current draw and showed
no signa of comrosion over the (24) hour teat,

Conclusion: Brake fluid is not conductive enough to cause the slectrolytic
corrogion and neccgary curert draw 10 creato an ignition. Beceuse of its®
msmﬁmﬁlrhglurmﬂmﬂﬂmmmﬂchﬂuidmhuﬂacl in H,0 is

mbmmmﬁm

» Teatls

Objective: Compare the ignition charecteristics of verious plasiics as switch base
material. -

Rosults: When 5 wt. % NeCl m Hy0 wan imjected into switches with different
bese materials, the following remilts were ohtained; Collanex 4300 ignited 3 out
of 5 attempta. Nory! ignited 2 out of 5 attempts, Zytel ignited lout of 3 attempta,

igmition method.

o Test 15b

Obiective: Determing if switch ignition can ocour in the vertical position and 45°
orientation. Determinn if switch igrition cen ocour and at differsnt rotational
angles in the 43° oriendation.

Resulis: Switch ignitiona can oceur in both the vertical and 45° orientwtion using
the establizhed isboratory ignition method.

Conclusion: Switch ignition does not eppear to be sensitive io vertical orientetion
versea 45° orientstion nor to rotstonal angls in the 45° orlentation.

Leovel § Objective:
Tem 16
»  Objective: Test proposed relay nirﬂnt

Resmits: {1) switch was injected with a soiution of 5 wi. % Nacl in Hz0 and
placad In the proposed cutyent limiting sircuit for (48) hours. The current draw
reinsined conatint at 180 mAmps throughout the test. Thene was no activity
observed and the contact arm remsined mostly intact.

{13} switch was brought tn an impeading bum candition 1eing the extublishad burn
method. An inpending bum i3 A condition where & corrosive resimance hes buili

6 :
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up In the switch and an ignition is imminant, Tha switch was then placed in the
proposed relay elrcuit fhr(18) hours where it drew 160 mAmpa, showed no visible
activity and did not resnit in s igition,

Becass the propoked relay cirouit acts s a resimtor which limits current to the
gwitch, the maximum power to the switch ia limited to .7 Weits. A rosistive wire

. 'was woapped around the bese of (1) switch and 0.74 Watta of power was

dissipacad In the wire. The wire becarne warm io the touch but had 50 effect on
tho switch,

Cuncmlionr 0.75 Watty, the maximum power in the proposed circuit design, is
insufFicient to canpe substantial electrofytic corroslon or significant switch
terminnl heating, which s necessary to croate an iprition.  In previons tosts, using
a reaistor an the heating element (see Tast 5), approximately 5 Watts of power was
nacessary to eroats mn ignition. There in not epough power in the proposed circuit
to create ignition.

TI-NHTBA 013896
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ot mm May 20, 1000 512 AM
To: Andy: Betingheuse, Steven

Ravised liema on the Tast Synopais sre highlighted in red. Thena harve baen minor chan ges throughout the
dooument so It is worth sidmming the sntire doournant {sep. in fight of mosnt developmaents).

The following itewne hava bean updatad on the test log;
Tost 14, 18a and 17.

Awalting your feudback,

o bl
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TI'77PS Test Synopais

This document is 2 synopsis of tests condected by Texas nstruments during the 77PS
investigation. The intent of this document is to highlight test findings which drovo the
{nvestigation to ita current state. Throughout the investigation, several tests were
conducted with the same objective, When each objective was mat, efforts were refocused
1o obtain a new level of understanding and to esteblish a new st of objectives, As such,
teats have been categorized into (5) levels, representing the level of imowladge obtained
from the group of tests conducted. Bach level is listed below with a abort description of
the objective:

.Lovel 1: Creste a laboratory ewitch ignition without ainy resitictions on methoda,

Lavel Z: Craxte & laboratory switch ignition uxing anly conditions found in the switch
- operating srrvironment.

Level 3;: Undepstamd the Iaboratory ignition machaninm.

Level 4: Compare fuctors contributing to Iabermory {gndtion.

Level 5: Evaluate recommenciations.

Refer to Brake Prosaure Switch Tast Log.
Level 1 Objective: Determine if a switch ignition cen be created in the labarstory.

o Testl

. lsboratory conditions;

Switch contact cavity flooded with braks flnid mixed with varying
amounts of % Hi0.
14 volta applied to cne tarminal, second terminal alectrically floating,
{No electrical load acroas switch terarinals).

- Switch bexport clocirically grovnded.

Resulis: (8) semplea were testad total:
{2) with 4% H;0 in brake fuid.
(2) with 6% Hz0 in brake fluid
(2) with 10% Hz0 in breko fluid.
(2) with 75% Ha0 in brake fluid.

No igaition ocsnred. Ne significant temperature riss cbeerved in all samples.

Current draw ranged from 0.5 mAmps to $ mAnmps over a poriod greater than
(230) kours. _

TI-NHT8A 013802
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+ Teat2

Objective: Detarmine if switch ignition can ocour onder the following laboratory

Switch contact flooded with brake fluid.

14 volts spplied to one terminal, second terminal connected to a 14 0
resistor which-is tied to gromd& (¢ Amp load acroes switch terminals).
Switch hexport electrically grounded.

Results: (2) ssmplas were tested. No ignition occumed. No significait
. temperture rise cbeerved for a period aver (250) hours.

Conclusion: Aa)mmmmwmmwmﬂmnm
the contact cavity of mwitches,

s Toatd

Objective: Determine if switch ignition can ocour under the following
]abu'mryﬁmditlm:

Heater element installed in comtect cavity of the switch,
. Power applied to the beater element until plustic bass melts.

Spark genersted in comtsct cavity of switch.

Brake fluid presant in the contact cavity (wet device) and absent in the
contact savity (dty device).

Rowults: (2) dry devices were tested and (1) wet device was tested. Igmition
ocourred in all dovices. _

Wat device; The internal tenperature of a wet device reached 660°F. A hole
bumed throngh the base of the switch (closs to the haating elemant). The applied
spark ignitad the fumes in the contact oavity of the awitch md angulfied the base
materisl of the switch.

- The internal tempersturs of a dry switch reached over 1000°F. The
switch base flopped over. The applied spark ignited the fimnes in the contsct
cavity of the switch and sugulfed the base material of the switch.

Conchwicon: A switoh ignition can ooonr mder the following lsboraery
conditions:;
Hauter slmnent installed in the switch contact cavity.

5 waits of power dissipated in heating element.
Spark generated in the contact cavity of the switch

Breks fluid did not contribute to the ignition process.

Ti-NHTSA 013803
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Lavel 2: Objective: Detarmine i a laboratery ignition can occur using enly switch

components wnd elements found in the switch snvironment.
o Testba

mm-mm&'mmwmmmu '
can oxuse an incromse in electrical resistance (and thus & soutce of hoat) in the
switch, which may lead to mn ignition.

Remilts: {1) out of (15) smples toeted increased reslatance to 5 Os. A solation of
5 wi. % NaCl in Hz0 can corrode the alsctrical components of the switch md
canae an incresse in clactrionl resistavce. Repsatad injectiong of the solution of
5wt % NaCl in H;0 into the coatact cavity of a swiich, with the swhich
continnousty powered st [4 Volts, can canse sn ignition.

Conchusion: A switch {guition can acear under the following iaboraiory
conditions:

A solution of 5% NaCl in H;0 ia injected into contact cavity of & switch.
Eonhnnnmu\rohmqmlindhthen&hh.
Hexpoart is groundad.
Current is lirnited st 15 Amps.
o Test Gc

Objective: Dmmm“ﬁmmlumﬂm@h

: m:ul;nihm

Reaults: (3) devioss with various sits metal particles wero tested. No significant
current increass detected. :

Conclusion: Motal shavings did not signifiantly incresso conduntivity brake
flaid. Current levels measured were well below levels necassary to create an
\esiti _ —

o Test?

Objective: Determine if swlitch meets cycie life specification.

Results: Tmmmhﬂmmmmmmm
excoed oycle Life specification.

Ins the first quarter of 1999, a tote] of (42) T7PSL2-1 snap switches ware impulse
teated to aver l.ﬂﬁﬁ.ﬂﬂﬂcyduwﬂhmlyﬂ]lukhhwl.moﬂﬂmm

TI-NHTBA 013804
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occurred at 728,000 cycles. Awmmwﬂ.mrﬁﬁiﬁtyﬂ
500,000 oyclos at 95% confidence level.

Conclusions: Switches meet oyels life specification. First quarter, 1999 teats
aonficmn impulee test Badings made during the period between 1991 and 1992,
During thet pariad, (6) lngpulse testy an ) 44 devices of S7PS and T7P8
construction, had no leaks when tested to 500,000 cycles. A Weibull analysia of
first quarter, 1999 tests, showed 59.9% relisbility et 500,000 cyclen af 95%
corfidence level.

s Teat L5

Olyjective; Determine the long term corrosive effects of brake fluid on the
electrical components of switches which are contimously powered ot 14 Valts.

Reenlts: Teat was suspendad after 550 hours of testing. (6) samplos woro tested
with continucons 14 Volts powar. The contact cavity of (4) switches contained
‘now brake Muid and (2) switches conteined ok brake fluid. Switches with old
braks fluid drew vary little hexpart current and showed a decreass in haxport
carent over time to less then 1/10 mAmp, Samples with new brake fluid showed
an incresse in hexport current to over 20 mAmpa toward the end of the 550 hours
of testing. Analyses of (1) asmple with new brake fluid and (1) sarmples with old
brake fluid revealed electrolytic corroajon of the contact arm of both switches.
There was » much lower level of carrosion in the sarple with used braks fluid
than the ssinple with new brake floid.

Concluaion: Breke fluid in the contect cavity of switches, which ave at 14 Volts
comtinuons pawer for over 300 hours, can cause electrolytic cofrosion of the
switch contaot aym, It is bnknown if this corroslon, under continnous power
conditions, can eventually lead to sulficiont current draw to drive an gnition.

¢ Test17

Objective: Quantify the long term corroslve affacts of new trake flvid on the
electrical components of switches under the following labomiory conditions:

Coutact cavity of switch floodad with new brake fluid.
Switches st contiruous 14 Voits power.

Switches sabjectad to vibration for (1) hour per day,
Switches subjectad to 100°C for (1) hour per day.

Results: Test cuspendod after (312) hourn. (30) samples tested. The avarage
hexpott current draw alter (312) hours is 1.9 mAmps with s standard devistion of
1.8 mAmps. There has bean no increass in hexport current. These resplts ars
consistent with results previovsly found in Test 152

TI-NHTSA 013808
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Conclusion: New brake fluld in the contsct caviry ofmmmnutcaundm
incroase in hexport current after (312) hours at continuoua 14 Voles power.

Level 3: Objective; Understand the laboratory ignition procass, determine the current
path and establish a repeatable ignition method.

s Testbb

Objective: Understand tha ignition process, detorzine the current path
and establish & ropoatable ignition method.

Resulis: Multiple attempts at laborstory ignition, via injection of » sclution of
5 wt. % NaCl in Hy( into the contact cevity of switchos, hes resulted in a
repaatability rete of npproximaely 50%. Flots of hexport cumrent varses time
show an ncrease in current untll ihe point of ignition.

Conclusion: A repesisble laboratory method for switch ignition was
eqtablished. Based on haxport current meastmements, tha current path is from
switch tenminals to hexport body.

Wheti & solution of § wt. % NaCl in H,0 is repsatedly injectad into the contact
cavity of powered switches, electrolytic corrosion of the switch tertminal
Teaults in an incregss in terminsl resistance. When sufficient power ia drewn
through the corrosive resistance, switch elemenis heat up and bogin to glow red
bot, A hole burns throngh the switch base and ignition occurs. There in arcing
vigible theonghowt the cotrasion process which may provide the spark necessary
for ignition.

Level 4: Objeetive: Compare anid contrast variablen inflnancing ignition using the

¢ Test 13
Objectlve: Compere various fiulds in the establishad ignition method.

Resulis: The following Sulds were teeted,

(1) NaCl in H;0.

(1) tap water

{1) rain water

(1) used brake fluid

{1) used brake fiuld with 5 wt. % Hx0

(1) now brake fluid

(1) new brake fluid with 5 wt. % H:0

The switch filled with 5 wt. % NaCl in Hz0 remlted i an ignition when average
hexport current exceaded 2.5 Amps. Switches thet were filiad with tap water snd
rain water drew Joag then 10 raAmps over & (3) hour test end sbowed little signs of

 TINMTSA 013808
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corrosion. Switches fillsd with 8 matrix of new and waed brake fuids, with water
and without water, all draw less than 3 mAmps hexport current draw and showad
no signs of corrosion over the (24) hour test,-

Conclusion: Braka fluid is not conductive enough to cause the elestrotytic
cotrosion and necessary cument draw to crests an ignition. Bacamse of its’
signdficantly higher conductivity, an ionic rich fiyid such a5 NaCl in Hx0 is
necessary to-osuse m ignition

¢ Texils

Objective: Cornpare the ignition chwracteristica of veriona plastica as switch base
msatarisl. :

Raosuits: When 5 wt, % NaCl in Hz0 was injected into switohes with different

base materials, the following results ware chixined: Collanex 4300 ignited 3 out
of § attempts. Notyl igaited 2 out of 5 attempte. Zytel ignited out of 3 attempts.

Conclusions: Al plastios tetad can ignite naing the established isbotatory
ignition method, |
o Tost1%h

Objective; Determine if switch ignition ean occur in the vertical position and 45°
ocentation, Doterming If switch igmition can oocur end st differenst rotational

sngles in the 45° crientation.
Rexults; Switch ignitions can ocour in both the vertical and 45° ovimatation uaing
tha establishad Liboratory ignition method.

Conclusion: Switch ignition does ot appear to be sensitive to vertical arientation
verses 45° arientation nor to rotational angle in the 45° orfenintion.

Lavel 3 Objective:
Teat 16

e Objoctive: Tost proposed relay cirouit.

Rombs: (1) switch was injected with a solution of 5 wt. % Nac! in Hy0 md
placed in the proposad current Limiting cireult for (48) hogrs. The cioment draw
remanined constimt &t 180 mAmps theoughout the test, Thers was no activity
observed and the cottact arm remsinad mostly intact.

(1) switch was brought to sn impending bum condition using the established burn
method.  Ap impending bum ix & condition where a comrosive resistertce haa boilt -

6 TI-NHTSA 013807
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up in the switch and mn ignition is imminent. The switch waa then placed in the
proposed relay circalt for{15) bours where it drew 160 mAmps, showed no visivle
setvity and did not rejuit i an ignition.

Becamuse the proposed relay circuit aots-as 2 resistor which limits current to the
switch, the macximum power to the switch is limited to .75 Waits, A resistive wire
was wrappad around the baze of (1) switch and 0.75 Watts of power waa
diszipsted in the wire. Thembmuwnmtuﬂutuuuhbuthldmafhtm
the switch:

Conclusion: 0.75 Watts, the maximum pewer in the proposed circuit design, is
insufficient to covse mubstantial electrolytic corrosion or mignifdionrt soriteh
terminal hewting, which is necessary to croate an ignition. In previous toats, using
u reaistor as the hesting slemant (see Test 6), spproximately 5§ Watis of power was
necesary 1o crwats an ignition, m"mmmh&mm
to create ignition. '
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From: Zsm
Sant: *Thursday, My 20, 1999 1:13 AM
Tar McGulrk, Andy; Beinghauss, Steven
Subjeet: : " Taxt Report Bynopeis and eestiog.
V] %)
o ——— ThiTiooy.

Fleass raviaw the latast werslon of the Teat syropsis and Teat
l 0 -
ﬁ:wu.men <cTESTLOGE, xlad>
faviawd ltems on the Tast S3ynopsis are highllghtad in rad, Thers have bewn
minor changes threughavt the dasusent sc it s worth sidomipg the antlia
dogumpnt [sgp. in light of recect developments).

Tha following items have bewn updated an tha test log:
Teat 14, 15a and 17. .

Awpifing your faedbacik.

Al the baae,
Sean P. Mulligen -

Texan Ingtrugapts . ,
Automotive Eanmoxs & Controls :

Mechanical Damign :
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. 'TY'TTPS Test Synopels Draft 7/12/99

This documsent'is & sywopsis of tests cooducted by Texas Instruments during the 77PS
iwvestigarion. The intent of this document i 10 highlight test findings whikh drove the
luvestigarion 1o its comrent mae. Thronghaut the investigation, stveral tests were
goadooted with the same objective. When sech objective was met, efforts weve refocused
to obtxin & new Jevel of undamtanding and to setabliah & mow as of objectives. As such,
beats Iive baen categocired inko {S) levals, represinting tha lyvel of knowledge obteipad
from the group of tasts conducind. Each level ia Histed balow with 4 short description of

tha objsctive: :

Lavel I: Croam a laborstory switch igniticn withoot any mstrictions on methods,

Lavel 2: Crasee 2 Mboentory swiich ignition maing onoly conditions found in the swich
opecating aaviramment,

Level 3: Understand the lnhoratory ignidon machanlym.

Laval 4: Compam factars contriboring 1o lnborsory ignition,

Level 3 Evaloste rcomeendatioos.

Roder to Brake Preaurs Switch Tost Log.
Laval 1 Objactive: m:ﬂ:_mwmu&ﬂmm hbb:m.
e Teatl '

Otgoctive: Detarming if awich ignieion can oocur umder the following
labcratory conditions: .

Switch contact cavity flooded with brake fhuld mixed with varying

- smoupts of EHa0,
14 volts appliad to ons weemingl, second tarminal electrically foatiag.
(o electrical load scroas switch terminaie).

Swikch hexpost electrically groondad.

Resulis: +  (3) smroples were tested tedak
(2) with 4% Hy0 in beake fuld.
(2) with &% HyD in brake fuid.
(2) with L0% Fh0 £ beuke fluid.
(2) with 75% Hi0 in brake floid

No ignition oocarved. Ne significamt tamparanes riss obsarved in all aamplos

Correet draw ranged fram 0.5 mAmps to 5 mAmpe gver & period greater thin
(250) hours,

TINHT8A 013813
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o Test2 .

. L | . . -
Objective:: Detarmine i switch ignition can ocour under the Eliowing sbamiory
conditions; )

Svwritch contact fooded with twaks Ouid,
14 wola applied (o one terminal, ssoond termingl commacted to s 14 £1
roaistor which is ded o grownd. (1 Amp load acroes swikch terrinals).
Switch hexport slectrically grounded. _

Resuke (2) semplos were testod, No ignition occurved. No signifioant
- tsenpersiure chae obsorved for w period over (2300 bours.

Conclusion: A (1) Axp load throrigh switch semvisils caonot ignie brales foid in
th:mpnﬂtynlmhll-

s Temé

Obrjective: Mniulfwﬂ:hlpﬁhnmmmmhm
laborstory conditions:

Huator slerant installed in contact cavity of the switch,

Power applisd 10 the heaise slsment uotil plastic buse melis.

Spark geacratad bn coninct cavity of switch,
mwmhtumwmmmmmu
nnmmﬁdrydmhn}

Rosulis: (2) dry devices were tested and (1) wet device was tested. Ignition
aecoerad n all deviced

Wel davice: The stamal Le of & wat device reached S60°F, A hole
bernad through the base of the wwitch (closs 1 the heating elemsar). The applisd

spark ignitnd the frmes in the coutact cavity of the swhch and engulisd the buse
material of the spwitch.

The intornal imperatase of & dry switch nmchad over LOOF, The
rwrlich base over. The ) tha fonses i the contagt
cavity of the switch and enguifed the baw memeial of the switch,

Conclusion: A switoh igaitinn can ocoor under the follvwing Inbomicey
conditions:

Heatar sloment installed in tha swisch contact cavicy.

5 wats of power dissipatd in slement.
Spark penarweed in the contac cavity of the switch,

Brsioy finid did not contribute to the ignition proces.
THNHTSA 013814
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Lavel 3: ﬂ}éﬂm.mﬂtwmmmmmm
= . eompondots ind elemernts found i the switch exvironment.

» Teatts

Objective: Detznmine if coroaive degradstion of swikch slectrical components
CED ¢ause 31 increase i clectricel resintance (and tins & souwres of heat) in the
switch, witich may lead & en {gaidon.

Rowuks; (13 ot of (19) semples iaatad increassd regisance 10 § Oa. A solqzion of
5 wt. % NaCl in Hs0 can coxvode the elactrical coxiponents of the switch ed
canse i3 locresse in electricel reaintancy. Repamind injectiocs of the sohtion of
Swt. % NaClin HyD into the contast cavicy of & swisch, with the rwvitch
contisnoosly powered st 14 Voks, can osuas an ignition.

Conclusion: A switch ignitien can comr under the following llbwm:'
gondieing:

A solution of $% NeCl in HaD is injecsed into comact cavity of & switch,
Continuoos 14 Vok power applied o the switeh,

Hexport ks grounded.

Current ts Hrvitad ot 15 Ampa.

a Testidc

OBjective: Dotermine if brake fuld with mstal shavings is conductive snough Lo
~ crests an ignition,

Resabs mmwnmmmmﬂnm Hud.nll'hm
mmm

Conclnsion: Maetsl shevings did not significantly increass conductivity brake
foid. mmmmnﬂmm”mmn

igmiticn,

s Temt7 _

Objective: Deterniine if switch mests iycis Iifs mecification.

Rewnks: mmmmmmmﬁnmmm
excoad cyclo Hie

specifivation.
In the firt quiresr of 1999, a total of (42) TIPSL2-1 snap switches wers impulss -
tesed W over 1,000,000 cycles with odly (1) leak balow 1,000,000 cycles, which

TI-NHTSA 013815
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bocuerad &t 728,000 cycler. A Weibull amlysis showed 99.9% redabiliry xt
500,000 cyciee at 53% confideice bvel

Concingions; ' Switches maet cycls Hfe specification. First quanar, 1999 tosty
confirm impulse teet findings mads during the paciod between 1991 amd 1992,
Duritg that period, (6) impulse tasts on 144 devices of 57PS and 77PS
constroction, kad no Jeaks wheo tested to 500,000 cyclea. A Welbull analysis of
lest quarter, 1999 teats, showed 99.9% rollabllicy st 500,000 cycles st 95%
confidence lovel, '

* Test 152

Objective: Determing the long tarm corrosive effects of beake fluid on the
sloctrical components of switches which sre continuously powered we 14 Volty,

Rosults: Test was suypendad after 550 hours of testing. (&) samples ware ieated
with contisuons 14 Volts power. The contact cavity of (4) switchas contsined
new brake futd and (2) switches contained old beake fluid. Switches with old
braka Muid drew very Hitle hexpart curnent and showed & decrease in bexport
CUrInE over tnee co Jeas than /10 mAmp. Sampiea with new brake fluid showsd
an Increass in bexpost cumwant o over 20 mAps toward the end of tha 530 hours
‘of leating. Analyses of (1) sampls with new braos faid and (1) sample with okl
. brake Muid revenlad alectrolytic cormosion of the cantact arm of both switches,
There was o much [ower level of corrosion [o the sample with veed beake fuld
than the sumple with new brake floid,

Conclasdon: Brake fuid in the contact carity of swinehey, which s at 14 Volls
contbmuous powar for over 500 houm, can causs altctrabytic corrosion of the
Ewlich contact atms. [t is unknown if this cornasion, under continbous power
condliiona, can eventually lead to sufficism curment draw to drive an igniton.

e Test 17

Objective: Quantify the long ktem cormodive affects of sevw brake fukd on the
elacirica} componans OF awitches under the following laboratory conditions:

Contact caviy of switch Sogded wikh new braks Maid,
Switches at contimuous 14 Vol power.

Switches subjected e vibratlon for (1) howr per day.
Switches subjected ta 100°C for ( 1) boar per day.

Resulty: Test suspondad after (312) houra. (30) samples tested. The avarags
hexport current draw after (312) bours ia 1.9 mAmps with & standard deviation of

I.B mAmps, There has been no incrsase in hexport current, Thase results are
consivteny with rasults previoysly found Lo Test 15

TI-NHTBA 013818
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Conclugion! MNew beaks fludd in the contact cavity of switchas, bas aot caused an
incraaasin hexpon current alter {312) hours & comtinuout [4 Volis power.

" Lavel 2 Oﬂuﬂm MNManwﬂum
plﬂulldmhﬂlhlnpuubblpmnm '

¢ Teméb

Obfjective: Understand the kgnicion process, determine the current path
" i eptablish & repeatabls ignition method.

Resukts; Muliiple sttempts nt laborseory ignition, via injection of & soluton of
£ wi. % Nall in H;0 into the contact cavity of ywitches, has resnltad ina
repeatability rate of approximately $0%. Flots of hexport ¢ixnent verses-time
show mn incredne in cattrent tantil the point of ignition.

Conclusion: A repeatable laboestory method for swikch ignition wai
astahlished. Eased on bexport cusvent measoremants, the current pach is. from
awitch tarminals to baxpert body.

Whan a solution of 5 wt. % NaCl in Hx0 s repeatadly injected into the contact -
cavity of powernd switches, alsctralytic corosion of the swisch terminal

restiits in an incyouss in torminal vegigtance. Whan sulficieat power s drawn

- through the comrosive reslstance, switch elements haat up snd begin to glow red
hot. A hole burna through the switch dese and ignition cocucs, Ther i arcing
wwmmMMWMtHMm

Laval 4 Ohjsetive; Compars and comras: varisbles influsncing igoition using the
astabliehad inhoratnry ignition mathod.

. % Temlia
Objective: Compens various fiodds in the aseablished ignition method.

Rasults: mmﬂm“:m

£1) NaCl in Fis.

{1) op water

(1) rade water

(1) wied braks frid

(1) aund brakn fuid with 5 wt. % Hx0

(1) new beake futd

(1) mew hrake fludd with 5 we % a0

The switch filled with 5 wr. % NaCl in B0 remalied In an ignitdon when sverage

hexport curent axcesded 2.5 Ampa. Switchea timt were fllad with i witer and
rin water drew less than 10 mAmgs ovec & {3) boar test and showed Hth xigm of

TI-NHTSA 013817
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cocrosion, Svikches Rlked with & mateix of new and used bk uids, with watse
and withoix water, all drew laas that 3 mAsnpa hexport corrent draw and showed
mMﬂmmhnmﬁaM]mu

Cur:luiun. Brake fuid is not conductive enough to oxuse the electrolvk
corrosion and nacessary curreat deaw (0 cooate an gnition. Becaasd of k'
- significantly higher conductivity, An iouic rich fiid such as NaClin Hyd -

meCoesary ko ouuse an igeition.
‘s Test 13
Objective: Compare the ignition charsotoriition of varkoos plastics g switch base

Resukts: When § wi. % NaCtin Ey was injeoisd ino swiches with diffecent
bass mateeinls, the following results were obeained: Cellansx 4300 ignited 3 out
of Sausepts. Noeyl igutied 2 0ut of S stempta. Zytel ignited 1outof S smpear

Conclusiony: All plistics tested can ignie uting the setmbitshed leboraary
ignition methad. _

. Tegti%

Objeutive: Determing i gwiteh gnition can accar in 1 vertical position and 45°
: mmumwnmmunmw
wrgie in the 45° crisatation.

" Ramits: Swiich ignitions can occar in both the verticsl snd 457 orlentation caing
the astablished lborssry igakion mochod

Mw Swhhhﬂhndumwuhm“nudﬂumﬂm .
versos 45" orisntation 20¢ to rotational anglé in the 45° orientation.

' LelS Objestives
Temls

Results: (1) wwitch wis injacend with & solution of 5 wi % Naol in Hy0 amd
placed in'the proposed current Emiting clecalt- for (48) hours, The curvent deaw
remuined cosatant &t 100 mAmpe thronghout the e, Thees was no- scivity
observed and the contsct arm remained mostly intact.
{1} wwiach way brought 10w ipending bom condition ueing the setablished burn
method.  An inpending bur s & ooadition whan & dorroeie resistende has baik
TI-NHTSA 013518
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mhhﬂﬂuhﬂnhm The switch was thea pladed in the:
wmmm:wmmummmmﬂm
: and did not resull in an ignidon.

Becaoas the proposed relay elrooit acts & resistor witich Lmits corrent o the
switch, the maximum power to the swiich is Hmited 10 .75 Watts. A rasigtive wirn
wi wrappad around the bese of (1) switch and 0.7 Wiuts of prwer was
dissipated in tha wice, 'l'h:whbmmmmhmuhhuthum oifact on
the awitch.

Cumelusion: mﬂmmmmhummmu

. Insufficlent & canse mubstaniial alactralytio comoion or sigmificant switch

serminal heating, which by nacessary 1o coeate an ignition.  [n previous tests, ueing
& realstor &s the heating elament (see Toat 6), spproximassly 5 Watts of power was
DecOEmAry b0 crozss ma ignition. Thers Ls nat soough power in the proposed clrouit
to creats ignidon. _

TI-NHTSA 013816
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From: MeGutrk, Andy [a-megoirk@email me.t.com]
Samty Thursdxy, May 20, 1999 1:07 PM
To: Wamer, Pam

. Subject: FW: Teat Report Synopsis and testlog.

B 9

AUTOMOTIVE SEMSORE AMD CONTROLS ORA MAHAGER
34 FOREST BT M/8 23=05%

ATTLEBEOAD, MA 02703

TEL 1 {50B) 236-3080

FRX @ (50B) 236-3745

MOBILE: [S08) 20B-5119

PAGE: (800} 467-3700 PIN G04-2044

P o e oy e e e o

Brami Mulligan, Fsan

Sant! Thuraday, May 20, 1985 5312 AM

Tor MoGulrk, Andyr Beringhauss, Stavan
Subdect) Test Report Synopais and testlog.

Pieass review the latest vezsiom of the Teat aynopaila and Teat log.
ccaynopsie . deas» <<TESTLOGY. Xlms> )

Favissd itams on tha Taat Syncpsis ara highlighted in red. Thers bhave hasn
minoz. changes throughout the documsnt mo it is worth akimoing the antire

‘documant [(asp. in light of rezsnt davelopoents).

Tha Inllwinq".i.tm hava besn updated on the test lesg
Twat 14, 152 and 17.

Mwalting your feadback,

ALl khe bBaat,
Sean 7. Hulligan

Texas Inatruments

Autcmotive Senscrs & Controls
¥schanical Daaign

Phooe (508) 236=2535

Paw - (508} 236-35H&
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TI 77PS Test annplil Draft 7/12/99

- Thia document is s synapais of tests conduciad by Toxss Instuments during the 77PS

investigation. The inent of this decument is to highlight tast findings which drove the

to ity curvent state. Throughowut the Irvestigation, several testy were _
conducted with the same objective. 'When cach objective was met, efforts were refocised
to ohtain 4 new level of undarstending and to extahiish & new set of objectives. As such,
teyts have been catagorized into (5) lovals, represanting the level of knowledge obtained
from the group of tests canducted. Each level [a listed below with a short dasceiption of
the objective: '

Levol 1: Croute a laborstocy switch ignitlon without any restrictions on methods.
Level 2: Crowte a laboratory switch ignition uring only conditions found in the switch
operating eavironront. -

Lave! 3! Understand the laborstory igmition mecharism.
Level 4: Compare factors comiributing io Inhoratary ignltlon,
Level 5: Evaluate recommmdetions,

Refer 1o Braks Pregnue Switch Text Log.
Lavel 1 Objective: Mmlﬂlfa_lwﬂchipﬁmmblﬂmdinth Inboratory.
» Tesml

 Dijective; Dmrmlmlflwllhimlﬂnnunmmdlrmmﬂm
- Iaboratory conditions:

Switch contact cavity flooded with beake fluld mixed with varying
emounts of % Ha0, _
14 voits applied to ope terminal, seccond terminal electrically floating.
Switeh hexport electrioally groundad.

Reaulis: {8) sexnplen were tested total:
{2) with 4% Ha0 in brake fluid.
(2) with 6% H0 in beaks fluid.
() with 1084 Ha0 in brake finid.
(2) with 75% Ha0 in brake fluid.

No ignition occurred. Nunnﬁmwmnhmdinaﬂmm
Cmmﬂwmndﬁmﬂ!mﬁmmﬂimﬁmm:wmdmm
(250} hovrs,

TI-NHTRA 013822
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s Testl

Objective:  Determine if switch ignition can oecur under the following laborstory
conditions: : :
Switch contact flooded with brake fluld.

14 volts applied to ane teeminal, second tarmingl connected to a 14 02
rexistor which is tled to ground. (1 Amp load across awitch terminals),
Bwitch hexport elactically grovnded.

Raaulte: (2) gamples wete tested. Ne ignition occurred. No signdffeant
, teenperutire rize obsarved for & period over (250) hours.

Conshusion: A (1) Antp load through switeh terinals sennot igrite brake fiuid in
the contact cavity of switches, _

s Temté

Objective: Detentnine If switch ignitlen ten occur under the following
|sborstory conditions: _ :

Heater element installed in contwct cavity of the switch. :

Power applied to the heater elemnent untl] plastic base malits, .
Spark generated in contact cavity of switch.
Br:hﬂmdpuﬂmﬂnmﬂdmty(mduﬂm}mdlbuminﬂu

contect cavity (dry devies).

Reslta: 2) dry devinas weng teated an (1) wet devics we tested. Igniton
doourred n all devicen.
mmwwmmmmm A hole
orned through the base of the switch (close to the heating elament). The applied
spark ignited the fumes in the contact savity of the switch and sngulfixi the base
_material of the swiitch. -

Dry devica: The internal temperature of a dry switch resched over L0D0F, The
switch base flopped over. The applied spark ignited the firmes in the contact
cavity of the switch end engilfisd the base moterial of the switch,

 Conclusion: A gwitch under the
B ignirion can occur ﬂ:lluwinghbnmmy

Hexter' element instailed in the switoh contact cavity. -

5 watts of power diasipated in heating clement. -
Spaxk generxied in the contact cavity of the switch.
Brake fivid did not coutribate to the ignition process.
| THNHTSA 013623
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Laval 2: Objectiver Determine if 8 iaboratory ignttion can occur using only switch
components and elsments found [n the switch environment.

+« TestBa

Objective: Daterroine If cortonive degradation of switeh alectrical components
c8N caust an incresse in elecirical resistance (apd thua a source of heat) in the
switch, which may lead to an ignition. .

Remuits: (I) oat of (13) sxmplen teatsd incressed rexisancs to 5 [, A solutdon of
5 wt. % NoCl in H;0 can corrode the slecirioal components of the switch and

caose an increass in elsctrical resistance. Repeated injections of the soltion of
5 wt. % NaCl in H;0 into the comtiact cavity of & switch, with the mwiich

' mulljrpnwﬁltl-#?nh can cause an ignition.

Conclusion: A switch ignition cam occur undar the hilowing laboratory
conditiona:

A solution of 5% NaCl in Ha0 is injected into contaot cavity of a switch,
Conﬂnmu?oltpawlpplladmﬂ:mﬁ. _

Hexport is grounded.
Cutrent is limited at 15 Ampa,

s Toatéo
Objective; Determine if brake fluid with metal ﬂnﬂnpumn&'u:&w anough tc
create an ignition.

Ramylty: (3) devices with various size meal particles were testod, No significant
currant increase detected.

fiuld. Current lovels measured were well balow levels necessary 1o craats an
ignition.

+ Tem?7

Objective: Determine if awitch meets cyols lif specifigatton,

Results; Teaty conducted duting the first quarter of 1999 show that switches
axceed cyole life specification.

In the first quarter of 1999, o tota] of (42) 77PSL2-1 saap switches wers impulse
tested to over 1,000,000 cycles with enly (1) loak below 1,000,000 cycles, which

TENHTBA 013624
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occurred at 728,000 cycles. A Welbnll apslyzin showed 99.9% reliability at
500,000 cycles st 95% confldence level.

Conclusions: Switches maet cycle life spacification. First quarter, 1999 texts
confirm impuise tost findngs made during the period between 1991 and 1992;
During that pericd, (8) impulss tests ot 144 devices of S7PS and 77PS
constrection, hed no leaks when tested to 500,000 cycles. A Weibuli analysis of
firet quarter, 1mmmwmmummugm
confidence fevel. .

e Test13a

Objective: Determine the long term comosive effocts of brake fluid on the
elactrical mmpunent:pfmhehu which are continuously powered at 14 Volta,

Remits: Tost was fuspendsd after 550 bours of teatlng. (6) sanyples wers testad
with continuous 14 Volts power. The contact cevity of (4) switches contained
trewr brake thdd and (2) switches comtained old beeke fimid.  Switches with old
bralke Auid drow very little bexport qurrent and showed a decrease in hexport
current over time to less than 1/10 mAmy, Ssmples with new brake fluid showed
an increase in hexport current to over 20 mAmpa toward the end of the 530 hours
of testing. Analyses of (1) sempla with new braks fluid and (1) sample with old
brake finid revealed elsotrolytic corrosion of the contact arm of both switches.,
Thnwuamu:hlnwu-tmulufmmﬂumplewiﬂlmdbmkeﬂmd
than the sample with new brake fuid.

Conclusion: Brake fuid in the contact cavity of switches, which are at 14 Volis
continuous power for over 500 hours, can cause electrolytic corrosion of the
switch contact amm. It is ankmyen if'this corroslon, under continuous power
conditions, can eventually lead to yufficient current draw to drive an ignition.

s Testl7

Objective: Quantify the long terms corrosive effects of new brake fiuid on the
electrical components of switches under the following Inboratory conditions:

Comtact cavity of switch floodad with new brake fluid.

Switches st continotras 14 Volts power.

Switchee subjected to vibration for (1) hour per day.

Switches subjected to 100°C for (1) bour per dxy.

- Romlts: Test suspended after (312) hours. (50) samplea tosted, The sverage
bexport current draw after (312) hours is 1.9 mAmps with a eixndend devistion of

1.8 mAmpa. There bas been no incroese in hexport current. Thess results are
mn&ﬂ&mﬂhmﬁaﬂyﬁuﬂhTﬂli& -

TI-NHTSA 013828
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Conclusiomn: H#wbmhﬂﬁdinthemmtminrnftﬂtchﬁhum:uwadm
Mmuhhxpuﬂmﬂ:fﬁﬂ!!]hmnlnmﬁnw 14 Valts power. .

Lﬁd!l Ohjsctivm Undmhndthtllhnrmryipmmm determine the current

pa:hmduubh:hnupmhhlwﬂonmcﬂmd.

» Tast6h

Objective: Undetstand the ignition process, determine the currant path

- atid establinh & ropeatalve ignition mathod.

Resualts: Multiple atternpts at laboratory ignition, via injection of a solution of
5 wt. % NaCl fn Hz0 Into the comiact cavity of switches, has resulied in &
repeatabitity rets of approximately 50%. Piots of hexpost surrent verses time
show an ingrease in curpént uriti] the point of ignition.

Conclyaion; A repeatable lahoratory method for switoh ignition was
extablished. memmhmpﬁh&m
switch terminals to hexport body.

When a salution: of 5 wt. % NaCl In Ha( is ropeatedly injected imio the comtact
cavity of powered switches, slectrolytic corrosion of the switch terminal
resufts 1o an Incrests in tetminal resistance. When auificient povwer is drrwn
through the corrosive resistance, switch elements ket up and begin to glow rad
hot. A hale bums through the switch baye snd ignition ocours. There is srcing
visible throughout the corvosion process which may provids the spark necesaary
for ignition.

Level 42 ﬂbjuﬂn:bonmmmdmwﬂlbluhﬂmch;imﬂﬁmuduh

established Iaboraicry ignition mathod.

‘o Testl3a

Objoctive: Compars varions fuids in the established ignition method,

Rﬂl.lll: 'I'hufnlluwln;ﬂuidlmhmd.

{1) NaCl 1n Hab.

(1) tap water

(1) rain water

(1) used bealoe fiuid

(1) used brake fluid with 5 wt. % H;0

(1) new breke fluld

(l]mhhﬂ!ﬂdﬂﬂimﬁlﬁﬂ
mmmhﬂhdmﬂ:!wtﬁﬂﬂinﬁgﬂmlﬂdhmbﬂmm:mgﬂ
bexport current exoeedad 2.5 Ampe. Switches that were filled with tap water and
rwin water drew loss than 10 mAmps over a (3) hour test snd showed little signs of

s | TENHTSA 013626
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comosion. Switches filled with & matrix of new and used brake fiuids, with water
and without water, ull drivor lega than 3 mAmps hexport current draw snd showed
no algns of corrosion over the (24) hour test. ' .

Conalusion: Brake fluid 1s not oonductive snough to cause the slectralytic
corrosion and necessary current draw to create an jgnition. Because of i’
nignificantly higher conductivity, an ionie rich fluid such as NaCl in Hz0 is

necessary to cause an ignition.
e Tesl5 - _
* Objective: Compare the ignition charecteristics of varions plastics a3 switch base

Results: When § wt. % NaCl In Hy{ waa injectad ito swliches with different
base materinls, the following results were obtained: Cellanex 4300 ignited 3 ount
of 5 attempts. Nory! ignited 2 out of' 3 attempés. Zytel ignitad Yout of S sttempta,

Conclusions: All plastics tested oun ignite using the established Iabosatory
e Temt 15b

Objective: Dm:ifmmh:suidmmmhﬂnmhuﬂpnmmw
orisntation. Determine if switch ignition can ocour and ut different rotstional

* angles in the 43° orlentation.

Remlts: Smhmﬁmmmmhﬁﬂlnvnﬂuﬂndmmm
- the established lahorstory ignition method.

Conglusion: Switch ignition does not appesr to be sensitive 1o varticsl orientation
verses 45° arientation nos to rofational angle in M 45° orlentation.

Laval 5 Objective:
Tost 16

. ﬁﬂuﬁw:Tmmmlydmdt

Ramults: (1) switch was injected with a solution of 3 wt. % Nael in Hx{ and
placed m the proposed current limiting ciroult for (45) hours, The cument draw
mﬂdmnlmmmtbsm 'Ihmmnuuﬂﬂly
observed spd the contact stm remainad mostly intact.

(1) switch was brought to an impending born conddition nsing the established barn
method. An impending bum iz a condition whera a corrosive resistance has bkt

TI-NHTSA 013627
TH TIPE Tt Symopels Dreht 071209
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up in the switch and an ignition is Imminent. The switch was then placed in the
proposed reliy cireult for(18) bours whote it drew 160 mAmps, showed no vistble
activity and did not resilt in an ignition.

Becaugs the propesed ralay circult acta an & rasistor which limits current to the |
switoh, the maxinum power to the switch is limited to .78 Watts. A resistive wire
was wrapped arouxd the base of (1) switch and 0.75 Watts of power was
disuipatad fn the wirs, The wire became warm to the toueh bat had no effect on
the switch.

Conefusion: 0.75 Watin, the maximumn povrer in the proposed cireit design, is
insufficient to caime substastial edectrolytic corroslon or significant pwitch
terinal heating, which is necessary to creeto an igoition. In previous tests, waing
a rexintor 3 the hexting elamertt {veo Teat 5), spproximately 5 Watta of power was
naceusary to create an ignttion. Mhmm@mhﬁnmﬁuﬂwﬁ
to create ignition.

TI-NHTSA 81382
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%mms Potential Thermal Event Theory Profile 5/20/99

Brake Pressure Switch

NA Hydraulic Switch History

Time Perloc: ‘83 ‘87 ‘90 ‘91 ‘98 ‘99
Power Power Powsr Power Power Power
Application: | giagring  {Steering  |Steering  |Steering  [Steering  Bteering

+ T has some 16 years and 130 milion units accumulated exparience In hydravlic
appiications using multiple fluids
* Tihas some 12 years of brake system application experience working with brake
fluids

Gl OniricDOpreacutntion




