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TI 77PS Test Synopsis Draft 4/28/99

This document is 2 synapsis of texis conducted by Texas insrument s during the 7798
imvestigation. The intent of this document ia to highfight test findings which drove the
investigation te its curvent state. Throughout the investigation, severnl tests were
conducted with the same oblective. When each objective was mat, efforts were refocused
to obtain & new Teved of understanding and to establish & new set of objectives. As such,
tests have bean categorized into (5] lyvals, represanting the level of kinowledge obteined
from the group of tests conducted. : Each Jevel in lised below with o short description of
the objective:

Level 1. Create a wwich ignition without any restrictions on methods.

Leval 2: Craate 3 owitch ignition using only items found in the switch operating
erTvironmant.

Level 3. Understand the ignitlon mechanism,

Level 4. Compere factors contributing to Ignitien.

Leval 5. Evaluasta recommencatione

Refer to Brake Praurs Switch T Log.

Level 1 Objective: ﬁuﬂuif‘lmiuhi;niﬁnlmminﬁumﬂnryuﬂ
what qonditions are required to <resis an ignition

« Testl

Objactive: Determing if switch ignition can oocur undecr tha following

Switch ccatact faoded with braice Auid mixed with varying smounts of' % Hz0.
14 voks applied to one tecninal, pocond terminal alactrically fioating. (No
Switch hexport slactricatly grounded.

Results: {8} sampite wiwe tpated total:
() with 436 H0 in brake fluid.
{2) with §8% HoD in braks fluid.
(2) with 1036 Hz0 in brake fluid,
(2) with 75% Hz0 in brake fluid

No ignithon oecarred. No significant teparaturs riss obsarved in all samples.

Current daw ranged from 0.5 mAmps to 3 miAmos aver & paricd grester than
(250% hours. ) _

TI-NHTSA 013402
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a Tem2

Objective: Determine if switch ignition cas aceur arder the Followiag labsratory
Switch contact fiouded with brake fluid.

14 volts applisd to ons terminal, tecond terminal connected to a k42 resinor tied
to ground. (1 Amp (oad adross switch tecminals),
Smhmnmlgwmdld.

Renlts: (2) smpies wersested, No ignirion occurred, No siguificant
tmpmnnrinmmnpﬂudmﬂm}m

Conchision: Ammhﬂﬂ:mﬁnﬂchmmlmhmnﬂmbuhﬂmd
in the comact cavity of switches. _

* Testd

Eﬂhﬁm Mfmhlmﬁmmmmmtﬂhm
itions. -

mmmmmmﬂmm
mmmmmmmumhmmh
Extorsal spark spplisd to fumes,
Bruhﬂuldmmthlmmﬂwndmﬂndmmlnth
eumuvity{drydcﬂu} )

M(Z}hhﬂummdnd{l}mmwm Ignition
occurred o all davices,
mmmwmmmmm A bole
burned through the base of the switch {closs 10 the heuting slement). The
extornally applisd spark jgnited the femea which anguiled the switch.

Dry device: The internalitempersture of & dry rwich resched over 1000°F. 111.
awitch base opped oved. mmhmmmmmmm
engulfed the switch.

Eon:luliun: ﬁmhlptdnnmmmhthlhlhmhbﬁrm
h“MhWhhMmmﬂy
Swmafpw“mﬁdhﬂum*m

An external spark ks appliod 1 fumnes.
Brake Suld does not contribaca to the lgnition procass

“T-NHTSA 013403
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Laval 3: Objective: Datarmine ifs;nipitionmﬂmuliumly switeh componants

And elomsnts found in the mnhlnwnnuum
. Tt

Oh]-mu Dumw:rmmw degradation of switch elestrical components
4N cauge an increase in electrical resistence (and thus a source of beat) in the
switch which may lend to an ignition. :

Remulty: {1) out of (15) samplea cested increased resigtance o 508 A 5% NaCl in
~ Hx0 solution can comrode rdtch eloctrical components and caupe an increase in

olsctrical resistunce. Rapeathd injections of the NaCl in Hx0 sotution, with the
swhich powersd, mm:mh:hllnhlm

Conclusion: &mhkmmwumﬂumnm;mnﬁmm
5% NoCl in Hz0 sohyticn Ls injected into contact cavity of & switch.
L4 Valts s appliad to the switch

Haxport Is grounded.
Cumullumdul!&mpa

= Towt 6

Obmtlw mwmmmmmum;wmm
creats xn ignition. ) -

Results; mmmmmmmmm. Mo significant

Conchusion: Matal shavings did not significantly incresss conductivity brake
fluld. Current levels measured were wall belcw levals nacassary to orests o
igathon, .

o Tom? :

Objustive: Diacarmine if switoh meets cycle 1 ecification.

Ramlts: Mmﬁumﬁlmmmmmﬂqﬂahﬁ

specification.

mmmmmm,.awmmmml mnap ywitches were impulee

tosted to over lﬂou,nﬂﬂqrhlﬂ“hnnly{l}l-khhw 1,000,000 cysles which

aocurred et 728,000 : A Weitull acalysls ucrﬁatqqnnr 1999 tents showed
99.9% reliability & 500,000 cyeles at 95% confidence lovel.

Cunuhmu.--l’iﬂtm. 1999 tagia confirm findings of imgnlse tests mads
- during the period batween 1591 and 1992. During thet period, (5) pulse tasts
on 144 davices of 5TPS and 77P5 conitructon, had no leaks whets teated to

TI 7784 Toat Sysopei Drad 47094

TI-NHTSA 013404



500,000 cycles. A Weibult analysia of first quarter, 1999 tests, showed 99.9%
eeliability a2 300,000 ¢yclod m 9% confidence level. Switches meety cycle life
spacification,

+ Test 152

Ohbiective: Dﬂmnlflnngum switeh exposury to l:rﬁwﬂmd can lead to an
ignitiom. :

Results: Test is ongoing. {6} samples are buinitmd. (4) samplez contain new
brake floid and (2} sumpled contain old brake fluid. Results to dmeshow oo

. ingrexse in conductivity offboth new and used tmake Buid. After miore than 350
hours of testing, curreat draw on sach device is loes than 20 mAmps.

tmduliun: mmmmwmmm hldﬂu.munu'lhln
effect on switebes. ﬁﬂumﬁm{!!ﬁ}hmnﬂﬂlq.mmnthm
crders of magnitude below the Jevels needed to create limlanu-lunnllhd in

labaratory exparimets.

- Lavel 31 Olbjectiva: Undlrmndjthlwﬂnnpmmthlmnmpuh
luduublllhl:wamhhlmmhud

» Tent G

_ | Olyjactive. Undirstmd mﬂmﬂmm datemnting lhcurrm pu.h.
. : ndwhlhiﬂpﬂlhllwm :

Ru:ln. wamummimﬂumm{Jmmmm
contect cavity of switches, ias redulted in b ropeatability rate of approximately
50%. Phunfhupunnmmﬂmm:nw{nmmﬂ!m

point of ignition: _

Conelusion: A repestablellaboratary method for switch {gnition s been
established. Baspd on mﬂmﬂ.t&mpﬁum
switch. terminals to

body.
o . Whan a NaoCl in Hi0 w0 it repeatedly injacted into the comtect cavity of
o . mmw:mﬂthmmbmhmlum
intraase in terminal reistince. Whea sufficient power it driwn through the
cortouive resistance, switdh slements heat up and begin to glow red bot. A bole
Turnyg through the switch fase and ignition occurs. There is.arcing visible
wmmmmmmmmmm

ignition.
I‘..umll- nbjm wmmmwﬂmmwmm
mmwm
I
TUT7P0 T Drpis Dt 47299
TINHTSA 013405




o Tostlda _
Objective: Compare various fluids in the establisbhed ignition method.

Results: The foilowing fluids were tested.

{1) NaCl in HD.

(1) tap water

(1) rain waer

(1) used tewles fluid .

(1) used brake fluid with 5% H:0

(1) pew brake fluid

{1} new brake fluid with 3% Hy0

Tha switch flllad with 5% NaCl in H0 resulted in an ignition when average
bexpart current exceaded 2.5 Amps. Switches that were filled with tap water and
rein water drew less than 10-mAmps over a (3) hour test and showad litthe signs of
corrositn. Switches flled with 8 matrix of new and used braka flulde, with water
and withsout water, ull drow Jass than 3 mAmpa hexport cwrrent drrw and showed
no signs of cormalon

Conclusion: Brake fluid is not corductive snough to cause the slectrolytic
corosion and necessary current draw to create an ignition. Becmuse of ity'
significantly higher conductivity, wn ionic rich fluld sach a8 NaCl In Hz0 is
OBCARIArY (o omuss &t lgnition .

* Tegt 15
Objective: Compare the i characteristics of various plastics ay rwitch base

Raglts: When % NaCl in Ha0 was injectad into switches with different base |
mmaterinls, the following results ware obtained: Cellanwx 4300 ignited 3 aut of 5
xrtempts. Moryl ignited 2 out of § sttempts, Zytel ignited lout of 5 sitempts.

it hod .

» Tt 15b

Objective: Datarmine if switch ignition can ocour in the vertical position and 45°
orizntation. Determine if switch ignition can ocour and &t different rotationad
anghes |o the 457 origottion.

Resubs: Switch ignitiors can ocour in both the vertical and 45° orientation ualng

T17TPA Tk Bycxpmia Drafl 42579

TI-NHTSA 013408




Conclusion: Switch ignition does not appear to be Sensitive to vertical oriantation
versss 457 orientation nor 1o rotational angle in the 45° orientation.

Level 3 Ohjective:
Test 16

+ Objective: Text proposed relay cirouit.

Rosults: (1) switch was injected with 3% Nacl in Hy0 soluting and placed in the
proposad current limiting circnit for (43) bours. The current drtw rémnined
constant at 180 mAmps throughout the tost. There was b0 uctivity observed and
the contact arm remained Lmtect.

{1} switch was brought to an impending burm ¢condition usitg the enablished burn
_ method. An impeoding tburm i o condition where a cortosive resistance ks built
up in the switch and an iguition is impinent. The switch was then placed in the
proposed relay circuit for(138) bowrs wheee it drew 160 mAmps, showed no visible

activity and did not resuft in an ignition.

Becauie tha proposed relry circuit acts &3 & resistor which limits current to the
switch, the maximum pover to the switch is linsited to .75 Watts. A resistive wira
was wrapped around the bese of (1) switch and 0,75 Watts of povwer was dumped
into che wire. The wire became warm (o the touch but had no effect on the
xwitch. ;

Conclusion: 0.75 Watts, tha muximmum power in the propossd circuit design, is
nntmnsllpuw-mmumbﬁsmndmudsniﬁmﬂichmw
hasting, witich ik oecessary for ignition. In previous tests, using » resistor as the

heating elament, spproximately 3 Watts of power wits Decessary to crexie an
igmition. Thers iy oot anough power the propoved clrcuit to create ignitton.

T1 TTPE Tusl Synopala Dl 47097
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