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» Brake Pressure WF il &102/30
INSTRUMENTS  Potential Thermal Event Theory

b t- “New" Brake Fluld and
"~ Continuous Power {300 hours |

« Contact anm (Cu) corrodes - cheinical analysis shows presance
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TI 778 Teat Synopsis

This docament is 1 ynopsis of teats conducted by Texas Instruments during the T7PS
investigstion, The intent of this docuraent is to highlight text findings which drove the
iventigation to ity ourrent stae, Throughout the investigation, sevaral tests were
ooncucted with the same objective. When sach chjsctive was met, siforts were refocased
to obtain & new level of understaniiing and to establish a new set of objectives. As moch,
tests have hoen categorized it (5) lovels, representing the: levet of knowledge obtained
from the group of tests conducted. Each level is listed below with a short description of

the sbjective;

Leval 1; Craate & leborsiory switch igaition without any restriotions on metbada,

Lavel 2: Creste s lsboratory switch ignition wsing only conditions found in the switch
apersting environment.

Level 3: Understand the laborstory ignition mechsmizm.

Level 4:  Compare factars contributing tn laborstery ignition.

Leval 5: Evalugte recommendations

Refer to Bmake Preanure Switsh Tag Log.
Laval 1 Objective: Determine if w switch ignition can be crmated lo the laboratory.
s Testl

Objcctive; Dﬂminutl’mimhmtﬂmm oocur undec the fullowing
Inboratory conditions:

swunhmmmmmwmmm
smounts of % 0.

14 volts applied to ooe tecminal, second terminal slectrically flosting.
(No electrical load scross ywitch terminals),

Switch hexport electrically grounded.

Results: (%) samples wers tested total:
{2) with 4% Hy in brake fluid.
{2) with 6%% HzD In brale fluid.
{2) with 10% HaD in brake fluid.
{2) with 75% H30 in brake fluld.

No ignition ocourred. }hﬂgniﬂmwﬂummmnmpln
mmﬁmﬂSWWSmﬁmmnm preater than




e Tem2 .
Objm mumwmmmﬂumw
conditions:

Sﬂitﬁhmﬂunddwﬁhhthﬂmd.
14wuswﬂhdmmmmm=ummHmll4n
rexigtor which is tied to ground, (1 Amp load across switch terminals).
Switeh hexpornt slectrically groaadad. |

Results: (2) sanples wevs tested. No ignition ocourred. No sigaiBicabt
mﬂuﬁ:ndhlpubdm{!ﬂ)hm

Conclusion: A(l)mmwmmd-dewmhm
hmmmﬂm

o Testé

- Objective: Detarmine iff switch ignition can occur under the fhilowing

laboratory conditions; -
" " Foster clemeat instilled in contact cavity of the switch
Power applied to the heater sismant unil! piastic base melis.
Spark genarxied in contact cxvity of rwitoh.
Brake fluid pressat in tha contart cavity (wet devics) and sheant in ths
contact cavity (dry devica),

. Hesults: (z}durdwinummdnd(l}wduﬂmmw Ignition

oocurred in all devioss.

Wal devics: Tha intarnal tamparature of a wet device reached 560°F. A haole
burned through the base of the switch (close to the heating element). Thu.pplid
mwmmmﬂummdmmuwﬁum :

. material of the switsh.

mmwwmmmmﬂﬂm The
switch base flopped over. mwmwmmmmm
cavity of the switch and enguifed the hase materigl of the-awitch,

.Cﬂndum: Amﬂwﬂunmmmﬂthﬁlhmns'w
Feio0e: _

Haater alernent installed Ln the wwitch contact cavity.
5 watts of poviesr disxipuaind in heating element.
Iwkmndhmnnmuvhydﬂnm

Bnhﬂuddldnutwmlhnumthlplﬂmwm

T-NHTSA 014067

™™ mmm




o — L '

Level 21 Objectiva: Dmmifnlaburmmiﬂanmmuhumlymimh

Wﬂdﬁmﬂhﬂmﬁunﬁm

« Temta

Objsctive: Determine if corrosive degradation of switch electrical components
CRD ORLLI4 AN increase in alectrical reistance (and thos & source of heat) in the
switch, which may lead o an ignition.

Rasnlts: (1) out of (15) samapies testad (ncreased rezistance to 5 28, A salution of
5 wt. % NaCl in B0 can corrods the electrical components of the switch and
caise an increass in alactrical resistance. Repented injections of the sokition of

Swt. % Nﬂmmﬂmﬂummoﬂmm%m
continoounly powered ut 14 Volts, can cause 12 ignition.

" Conclusion: A switch ignition can occur under the following laborainry
conditions: :

AM&MMhHﬁDuwm:ﬂumw&nm
Cnutmmtuuvohpuwwphadhthnm

is
Cuwrrent 1a limitad at 15 Ampd,

+ Teat 6c

Objective: nmﬁmmmmmummwm
crexte un ignition

Ragults: (3} devicen with varipus size thetal particlad wive teated. No significant
currant increass detected.

Coocluzlon: Metal shavings did not significantly increxse conductivity brake
fiuld, Current lavels measurad were wall baknw levels nacessary to crestean
lm. on .

s Teat?

Objective: Determine if switch mesta cycle life speciflestion.

Results: Tests conductad during the first quartsr of 1999 show that switches

excead cycle life

In the firsgt quarter of 15999, a total of (42) 77PSL2-1 scup switches were Impu.ln
tasted to over 1,000,000 cycles with onty (1) lek belowr 1,000,000 cycles, which

TI-NHTSA 014088
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aocurred at 728,000 eyclsn. A Weibull analysis showad 99.9% relinbility mt
500,000 cycles at 95% confidencs level. ,

Conclusions: Switchea meet cycin lifs spacification. First quarter, 1959 tosts
confirm impulse tent findings made during the period between 1991 and 1992,
During thet period, (6) impulsa tests on 144 devices of 57PS and TIPS
congtraction, had no feaky when tested to 500,000 cyclon. A Welbull analysis of
first quarter, 1999 testa, showed $9.9% rellability st 500,000 cycies at 5%
confidence level,

o Testl5

Objective: Determine the long tecm corrasive effects of brake fuid ox the
olecivical components of switches which s continuoualy powered at 14 Volta

Rowults: Test was suspended after 550 bours of testing. (6) samples wexs tested
with comtinuous 14 Volts power. The comiact cavity of (4} switchen contained
nswr brake fluid snd (2) rwitches contained cld brake fluid  Switches with oid
brake fluid drow very little bexport current and showed a decreass in hexport
current over time to lems than 1/10 mAmp. Samplas with new brake fluid showed
an increass in hexport current to over 20 mAmps towsrd the sad of the 550 hours
of testing. Analyses of (1) sampla with now brake fluid and (1) semple with old
brake fluid revealed electrolytle corromion of the contset arm of both swiiches.
Thece was & much lower lavel of corrosion in the sample with ussd brake fluid
than the sample with new braks fluid.

Conchision: Braka fuid in the coatact cavity of switches, which are ut 14 Volts
contimus power for over $00 hours, can cmss elactmlytic corrasion of the
. Fwitch contact arm and &n Increase in hexport ourrent.

» Teat17

Objective: Quantify the long term corrosive effects of new brake fluid on the
electrical oomponenty of switches under the fallowing lnbormory conditions:

Contact cavity of switch flooded with new brales fhuid
‘Switches at contimous 14 Volts power.

Switches mubjected to vibmtion for {1) bour per duy.
Switches subjectad to 100°C for (1) hour per day.

Results: Test suspenvied after {312) houry. {50) samples teated. The sverage
bexport current draw after (312) hours is 1.9 mAmps with a siandard deviation of

1.8 mAmps. These redults are conalstom with resulty previously found in Test
153 at the 300 hour potint. .

I 778 ‘Tast Rysopsis (N/2999




Conclugion: Now brake fluid in tha contact cavity of switches, has not caused an
hwminwumﬂﬂﬂli)hnmuuunﬁmuuifnhlpnw.

- Lavel 3: Objectiver Understand the inbormtory ignition process, detsrmine the current
path and establish n repeatable ignition mathod.

o Teat &b

Objective: Understand the ignition process, determine the current path
mduuhli:hnupuuhleinitionmdhad.

Results: Mﬂuphmnhhormisnﬁmﬁulq]mﬂmdunhﬂmuf
3 wt. % NaCl in ;0 into the contact cavity of mwitches, has resulted n s
repontability rate of approximately 5096, Plots of haxport current verses time
show an increase I ourrent unkil the paint of ignition.

Conclusion: A repeatsbie labaratory method for switch ignition was
established. Based on hexport current mesxirements, the current path Is from
switch torminals to haxport body.
Whnnnmhmmnﬂwt%ﬂ:ﬂlinﬁumndlyhiamdhmﬂum
cavity of powered mwitches, electralytic corrosion of the wwvitch terminad
rasults in an increase in terminal resistanoe. Whee mifficient power is drawn
through the corroxiva resistance, switch elements heat up and bogin to glow red
hot. A hole bums through the ywitch base st ignition oocurs. There i3 arcing
Erﬁbhﬂimghumﬂumnﬂmmwhhhmmmm“m

Level 4: -Dhjneﬂn: Compare and comirast variables influencing ignition using the
established laboratory ignition method.

o Tast13a
Objective: Compere various fluids m the established ignition method.

"Rewults: The following fhuids were tosted,

(1) NeCl in Hi0.

(1) tap water

(1) rain wuter

{1) used brake fluid

(1) uped brake fluid with 5 wet. % Hx0

(1) o brake fluid

(1) cew brakn fuid with 5 wt. % Hg0
Th-mhﬁ]lulwﬂhﬁwt%ﬂuﬂlmﬂ:ﬂrmhdmnimﬂthnthnlw
hexport curreat exoseded 2.5 Armps. Switchas that were filled with tap waier and
rein water drew less than 10 mAmps over a (3) hour teet and showed little signs of

TI-NHTEA 014070
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corromion. Switches filled with a matrix of new and used brake flulda, with water
end without witer, all dréw leas than 3 mAmpa bexport current draw and showed
unﬂwnfonnullﬁnmthm]hnurm . '

Conechusion: thﬂuldhmtmﬂ:c&wmdlmmﬂlul:uﬂym :
corroslon and necassary current draw to create an ignition within & 3 hour lgb teet
Becunse of in" significantly higher conduotivity, s konic rich fluid such ns NaCl
in Ha0 cun cause an ignition in &3 hour lub test exposure.,

s Teat15

Objective: Compare the ignition charactoristics of various plestics as switch buse
material,

Results: 'When § wt. 3 NaCl ln Ha0 was injected irto switches with differan

base matecials, the following results were cbtained: Callsnex 4300 ignited 3 oant
of 5 attemmts, Noryl ignited 2 out of 5 attampts, Zytel ignited 1 out of § attempta,

Coeclustons: All plastics teated can ignite using the established laboratory
ignition method,

« Teat 15b

Objective: Dﬂmifsﬁwhipﬁbnmnmmmenﬁﬁunmdﬁ"
arientation. Determing if switch ignition can ocour and at different cotational
angles it the 45° orientation

Regults: Switch ignitions can ocour in both the vertical and 45° orientation usimg
the eatublished Iaboratory ignition method.

Conclusion: Switch ignition does nit appear to be seasitive to vextical crientation
verses 45° orisntation nor to rotational angle in the 43° crientatlon.

Ianli ObJective:

Text 16

*  Objective: Test proposed relay slrcut.

Repults: (1) switch was injected with & sohution of 5 wt. % Nacl in Ha0 and
placed in the proposed current limiting circuit for (49) hours, The current draw
remained constant xt 180 mAmps throughout the test. There was no activity
observed and the contact arm remained mostly intact.

(1) switch vas brought to an impanding inra condition using the established burn
method. An impending burn in a condition wheee & corrosive revistaces has built

é TINHTSA 014074
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up in the switch and an ignition is imminsnt. The switch was than plsced in the
proposed relay circult for{18) hours where it drew 160 mAmps, showed no visible
activity and did not remilt in an ignition

Bacauss the proposed relny circuit acts &8 2 resiztor winch limity Gurreat to the
mthch.thumd.mumpumrtnthﬁmhohilﬁmhdm.ﬂm A resistive wire
was wrapped around the base of (1) switch and 0,75 Waits of powsr was
Whhm. ‘The wire becams warm to the touch it had no «ffect on

Conclusion: (.73 Watls, the maximum power in the proposed circuit design, is

- inarfficient ta cause mibstantial electrolytic corrosion or significant switch
tarminal hesting which is necesasry to create an ignition. In previous tests, using
& resistor an the heating olompat {soe Teat 5), spproximataly 5 Watts of power was
nocazsary to qroats an igaition.

TI-NHTSA 014072
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NA Hydraulic Switch History
Time Perdod:| ‘83 ‘87 ‘90 ‘91 ‘98- | ‘99

Applicstion: |gieering  {Stearing  [Sweering  [Steering  [Steering  Pteering

Suspension | Suspension | Suspsrwion |Suspansion |Suspension

« T has some 36 years and 130 miflion units accumuiated axperiance in hydraulic

=]
. sppiications using muliple flukds |
+ Tihas some 12 years of braka sysiam application experience working with braks
o fluids :
E ClbeClminkt A Sirmimotoan
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AGENDA
+ CONTRIBUTING FACTORS AND ROBUST DESIGN DIALOGUE

*OVERVIEW TIME LINE

~ » SYSTEM OVERVIEW

» SWITCH AND CONNECTOR
« IS/1S NOT TABLE |
« CAUSE AND EFFECT DIAGRAMS
« THEORIES -
* BRAKE FLUID IGNITION
* PLASTIC IGNITION
+ TEST RESULTS
» CONTRIBUTING FACTORS AND ROBUST DESIGN DIALOGUE

» ROB UST DESIGN ALTERNATIVES
i ——



2. Power mﬁmously available
A Opermnr nouﬁcaums

3. Switch mentahonﬂocauun
4. Current lim_it / fuse
5. Hexport isolation

6. Plastic ignition robustness
~ -A. Nearby fuels

7. Kapton seal of P/S

£
g
2
3

8. Environmental seal of P/S
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OVERVIEW OF
CONCERN TIME LINE
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*m Brake Pressure Swiich
INSTRUMENTS PohnﬂﬂT!mmﬂEmThwryProﬂhm

OL0¥L0 veLHN-11

Brake Switch Overview
~ Mounted under hood...14 inches under master cylinder
Mountedonpropomma] valveatﬁameofvehcle |

- Switch oriented approxlmatc}y 25 degrees off vertical
(connector up)

- Switch controls speed control...normally closed, opens ht '
130 psi

- Continudusly powered by battery 15 amp mnnectmn
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¥ Texas Brake Pressure Swiich
INSTRUMENTS Potential Thermal Event Theory Profile 5/20/99
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REFINED BRAKE FLUID IGNITION THECRY
POSSIBLE CAUSE THEORIES
“FEB ‘99 FOCUS™
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¥ Tas ' Brake Pressure Switch
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¥ Ncas Brake Pressure Switch
InsrmimenTs Potentlal Thermal Event Theory Profiie 5/20/98
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¥ Tincas Brake Pressure Switch -
besnaaients Polential Thermal Event Theory Profile

- “Town Car" switch meets accelerated/simulated life cycle specification
shown by “success” and “end-of-life” festing
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¥ 7 Brake Pressure Swiich
InsTRaIMENTS Potential Thermal Evert Theory Profile 5/20/99
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~ PROCESS FLOW DIAGRAM
“CORROSION™ POTENTIAL CAUSE FLOW ANALYSIS




B Brake Pressure Switch
INsTRUMENTS Potentlal Thermal Event Theory Profile 5/2(/99
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5. High current flow to cane through 1. Waler and “lonio™
walar anvd lonic contaminetion contamination (s.g. NaCl or
mmmmm

corrasion incroascs
roalstanco (acts I heater
wire).
becomes “RED HOT" igniting
the plastic
9. Haxport groundad
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Brake Preasure Swiich
InsTREMENTS Potential Thermal Event Theory Profile 5/20/99

- Y Teas

3% Salt Water Ingress Experiment

Test 1

Power Sepply

Nomslly Closed

TIPS Swinch

Conductive Pluld in

byFleid  Cuvity Coumlcies

the Circult
Atcmenl

Test i: Figure | and Fipure 2.
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» Brake Pressure Switch
TExas < Potential Thermal Event Theory Profile 5/20/99
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5% Salt Weter Ingresa Experiment
Temperature va. Time
—nenTop Tawy ——Cluioh Temp Bottom Tiemp
200.00
260.00 {

™~

800000 700000  HO00000  BO00.00  10000.00

GO0 100000 ANGO0  I00DOO 400000  5000.00
| T (Secomds) . Attclanaot
Cibfeokiiyrmmpontord INTENTIONIAL IGNITION CREATED THRU TI FLUID INGRESS LAB TEST PS/99/13




¥ Texas Brake Pressure Switch
INsTRUMENTS Potential Thermal Event Theory Profile 5/20/99

Z00¥1o VEeLHN-1I

5% 8ak Waler ingress Experimont

——Vokega - T1 —Valinge - T2 -~ Ground Vallegs ——input Cament ——Cluich Corent~ Howpart Gusront

16.000 -

:

Voltage {(Volie)
3
5

B8 3

G.000 1- - e , - . "q-fﬂ‘?'l .'.-.r__"‘_. i s k- .:.r, ‘i,‘ ; | :1.;:_ .-i

Q.00 100000 200000 300000 400000 SO00.00 GOOCLOD 700000 BO00DD 500000 100K

ChialuiricMregrefos  INTENTIONIAL KGNITION CREATED THRU TI FLUID INCRESS LAB TEST PS/9/13° Amactonmt




* Texas Brake Pressure Swiich
InsrraMeENTs Potential Thermal Event Theory Profile 5/20/99
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TIPS
45¢ Orientation im 15 Amp Circuit
5% Salt Water Ingress

Cellanex 4300 Base Cellanex 3316 Base

INTENTIONIAL KGNTTION CREATFD THRIUT TI FL.UTD INGRESS 1.AB TEST BS/9%13"
CoMoGak g adonTonl Artschment
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» Brake Pressure Switch /00
InsTRUMENTS Potential Thermal Event Theory Profile

“Corrosion” potclltlﬂ] cause time line
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Q TExXas Brake Pressure Swilch
InsTRUMENTS Potential Thermal Event Theory Profile 5/20/99
TIPS Cellanex 4300 Base
Vertical Orientation in 15 Amp Circuit

5% Salt Water Ingress

Ol Smmentcwfind  INTENTIONIAL KRNITION CREATED THRII TI FLUID INGRESS LAB TESTPSA13 Amciwen
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¥ Tovas

Brake Pressure Switch
Potential Thermal Event Theory Profile 5/20/99

PROCESS FLOW DIAGRAM
“CORROSION” POTENTIAL CAUSE FLOW ANALYSIS
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% Tas Brake Pressure Switch
InsTRUMENTS Potential Thermal Event Theory Profile 5/20/99

77PS Nory! Base
450 Orientation in 15 Amp Circuit
5% Salt Water Ingress

Mopvatosd  INTENTIONIAL HINFTION CREATED THRU TI FLUID INGRESS LAB TEST PS/90/13:Atchnat
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ECONOLINE VS. TOWN CAR P/S
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B Fxas Brake Preasure Switch
INsrminMENTS Potential Thermal Event Theory Profile 5/20/99

“Corrosion” potential cause time line
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NA Hydraulic Switch History
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_ | Powar Power
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Suspension
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