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Background Testing
Spuwd Control Deactlivacion Iwitch
Fard Bare EXF1Z2-SF324-AA

Background; Contact Bryac Dague X324

Purpogs: Te tast Cha abllity of Ehe 4witeh (Ford Bart #XFLIZ-3F924-AA0
te withatend ascessive surrant and voltage.

Hrocesgura; Jtep 1) drill & bols in switeh body and loatall thersal
couplar on CORCACT nedr contdct rone. Apply ona amp of currant across
the contacts and oota temperatucs resdings after cne minuce. Itap 2§
incraase the assare to X amps apd watah for teppacaturs incresss after
ore mirnuta. Flaal atep; incrsass the veltage to 20 veolts resultipg in
2.44 aop load apd gotm apy change ln temperatucy sfter one minute.

Rasults: At all saoparagé loads oo sighificant incoraass in cemperaturwe
Wil obsarved.

Stareing Aftazr ons fa

Taparaculn Misuts Tespacatuza
© Btapls 28.5% - 25,5 b.0%c
atepl: 23.%%c 25.%%¢ 9.0
Stwpla - 23.3'c Eﬁ.l'l:i ad.3*¢

W When the suitch in disansedbled and inspected it is evidant
t by waing load carcrying masivics with an avermge thickosss of 030",
carrying a4 load of 1 to ~) smpa ix not an lssue.
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Peoprinsary Informuasion; Attorney.Clisat Privilege Lrvoloed

77 PS Heated Davice Testing

Absiract .
Ihupmpmcfﬂﬁhﬂwwwmmmwm

hemt geosmted {n the contact oavity of 77PS switches. Several mothods wes uaed 1o

- wrtificlally generate alectricl heat in the switches, inhmnmdmm

recordad aa well as chsorvations.

_ Frocsduors

A haster wire coil wis Inatalled in asoh switch base wheve the contacts and srm agsscnbly
nommally ocaupy. The hester was attached i the terminals by removing the contect xrm,
.and grinding wway the fivet, mmmwmﬁmm.m
wirw cutter. The hester slenent messured s total resistance of 0.5 chmp.

A small fole was drilled inko the terminal cxvity to facilitate use of a K-typs
mmuwhwmhmmmiqm

A vasisbie cutput DC pawer supply was used to pawer the heating elemer: throngh the
mpting connector leads. - The devices were iy & fire-groot oven and allowsd to

. stabilize to room temperaturg, 70FF. Voltage, curnent and temparature wees meaedad

“Threo devices were tested: Device | had  brake Suid knd 6% wler mi injactsd in the

“contact cavity, Devices 2 snd 3 were dey. Provisions ware made for sn axtecnsd source

of igndtion by drilling & 640 hole on a 43° snglo through oach bose and ineecting a 042
Torrington pin. A hy-pot testor was used to generste 2 wpark. _
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N Propristary [nformation: Attorney-Cliest Brivilege Irvaked
PR _

. WL
# _ - Data

The data obtwined on device 1 is.shown in Table 1, below,

%_ ' Table L. _

! ' Test 1- Wet Dovice (readings st sppx.] miu. intervals)
CHN Voltage Heaber Current Internml Temperature (°F)
olts) (Amgpa) - :
i : 27 Lo ~ 100
3 50 2.0 175 -
il ) 19 N0
: S0 ;.ﬂ 246
1 58 3.2 349
1. 16 2.0 00
| 97 3l M0
o 1.1 15 450
L 1.2 3 _ 482
1.1 1.8 438
: 13 40 _ 531
| 1.1 3.6 571
L4 - 4,1 . 547
14 -40 560

Noteaon Toeble 1

Out-gamsing of fluids began at 220 °F and u noticesble hissing scund was present.
Srrioks waa visthle nad the bese was venting from the side &t & tamperstara of 245 °F .
Bmoke vented nntil failure of the base xt 650 °F, At this point power 0 hoater was shnt
down and spark was gonecated nsing the hy-pot. Ignitian of games occurred wt this peint
wid the fire was extinguished .
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.[ * ' Propristary Iofocmation: Attormay-Cliest Priviiega Imvoleed
. ' PARDONS _
i N : .
| : mdmubuimdmdrﬁnﬂhlhnwnin.mhl,hlw.
Table 2.
y : Test 2 (dry davics with spark}
il Voltage | Heater Cuovent | Internal Temperaiure Notes
¢ (Volts) | (Ampa) 5
| 10 3.1 501
' 109 3.0 T4
Connection fuiled. Test interrupeed.
1.06 i 396
. 1.06. 3.09 G26* Sawoke beouas visthia from serming) wroe,
1.12 "3.18 550
i3 1.13 A0 631 :
5 1.13 126 692 A troall burn through area In the base,
HH RIINCA Dl Yaiirte T bary) Garoogh el
¥ 1.13 3.1% 707 |
1.3 .36 122 '
1.20 1.52 758
136 195 $06 "Eam fopped aver
136 4.00 - 575 ' .
P *Light ok bacime v iaibls twmingl ke
iy = A scoali burn
Power waa laft on of the end of the test and spack-was generated. The fumes
igmited and extingninhed rapidly. The upper portion of the switch did not ignite desgite
1230 °F temperature .
i
i
i
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| » Proprietary Infoimention: Attoroey-Clisst Privilage hivoked

'| m'

|:I : ' Data cbeained on Device 3 fa shown 1o Teble 3, bolow,

i Table 3. | #

; ._Toat 3 {rapid tyenp, rise) e

- " Voltage Heater Current Imemal Tanperatare

I (Volts) . (Amps)

’ 10 3.5 00

' | 12 40 360

| i 12 34 €43

} 113 - 3!7 m

13 ' 3.7 800

13 - 3.7 g30

| 1.3 3.7 967

L Readings for this test were made at appeoximately 20 sacond inteyvals. Thiz wis s

Ii w300°F, Tho devios veried at the side of the base £t 643 °F and the bse did not fuil

' omtil 1436 °F was achleved. A sparic was appliod wt 1436 °F snd fiumes ignited . The
heater instantly burnad out and the fire was extinguished . - _

il | o Heat ganerated in the contict cavity of switches in not saffiient o initiste 4

il - : thermal evert. Vipors fiom base plastic malting snd 2 catalyst wuch 21 8 tpark ore -
neceemry for ignition. In order to sustain an ignition, devices must be open to the
stmosphere for 2 supply of Oxygea. '
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Summary of Chemical Properties
) . i

The following pages were supplied by Dupont and show chemical and
: physical properties for Teflon and Kapton. [n sunmary, water will degrade
the mechanical properdes of Kapton, but Teflon is unaffected by watar.
. . This is the reason why the Teflon-Kapton-Teflon system was selected for
H _ Texas [nstruments switch diaphragm (3 mil thick Kapton layer coated with 1
] mil Teflon on both sides). Page I (marked with “A”™) indicates that the

1 ' Teflon is non-repctive with water, While page 2 shows Teflon has a

: relatively low vapor mansmission tate (marked with “B™). Poge 3 shows
how the mechanical properties of Kapron degrade with water and
remperamare eXposure ¢ marked with “C™.

{; ' End of document.
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Potential Factors - 3/3/99

LAVZL0 YBLHN-L

3. Switch orientation MouE Sk WiTviie
4. Current limit / fuse poo Fal (We-')
5..Hexport isolation WtuLaTRe  TURISEL

6. Higher temperature plastic
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(1) Bradeay aoocunt for 47 out of 130 0V Towe Owr COM wekbmilre,
™ Quingor incialy NS WS of SomInansy: ENala prasuces S, Seses bek-up,
gl DooEter hange-wp, Sriles Sri, ODEh shiipien, Power bralay will, phimils pivien
caliper ks, beuine cxugi ., usdiei mices, slkid ML pARY.

{2 Unbincons Exoimt for B8 owl of 190 SR Tosm Cer OCRE vasbalive.
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A eminty, axagied bowr o ool avainnk, Cadnivile covvariir, deibonml. ik phay vime,
A acmprentor [ovmtmsioch, liuis toe equirant. -
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1.5 Thete ars 4 main calegorion That the 130 COI varbalime san b birrwd 0
{A).- S or &7 out of 135 ere eporielly beiie ol
. £7% or 38 ot of 139 e reporiacly timowL
(C3. 20% oree out of 160 srw rapovdly stectioal rvlasel.
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A MR or g an of 13- Mpad o De aadiainol.
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gnuu bf"' ENTS : Brake Pressure Switch

Potential Factors - 3/3/99

1. Connector Seal |
2. Poﬁer confinuously available
3. Switch orientation
4. Current limit / fuse
- 5. Hexport isolation

6. Higher temperature plastic




0erzi0 VEIHNL

Brako Proassuwe Switch
Potential Cause Factors - 3399

Lack of Seal Integrity
- Mating connection system integrity
- Switch orientation collects water if
- connector leaks

Power System Configuration
- Power continuously availeble

need




¥ Texas Brake Pressure Switch

FSPZLD YSIHN-LL

INSTRUMENTS
Potential Factors - 3/3/99 T
1. Connector Seal
1q‘ I{_-lf A &‘t Ihflnu"i H{*Lw. -'L.i'l
5 Power continuously available e .
LI LI REN
1! (Value })

| 3. Switch orientation
4. Current limit / fuse
5. Hexport isolation
6. Higher temperature plastic




1. Connector Seal

&, KAPTon) Sexl IMRove Dyaalitity
2. Power continuously available

3. Switch orientation NovE Switeh WTVSie
¢ Centlimit/fise  prop Fusk (WMWET)
5. .Hexport isolation  WEULATED  TTVBIRG |

6. H]gher temperature plﬁstid

ZEPTLO VELHAAL
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i . ) Teat Notea
| Last opduiad: 399
! Ignition Ra-creption: -
Dhjactive = (o recreats the conditions that caycad an engine flre in the application.

Dieacription:
! . L0 switches are fitled with & mix of brake fluld, water, and detergont, 2 rwischas are filled
’ with sach of tise following concontrations: 0%, 4%, 6%, 10%, and 75%. 14 volt Is being
applied to | terminal and the hexport is grounded. nmmﬂnwvaﬂuﬁ:utnuhnm{ljma
5 a highrof about 5.0 mA. D9 swivches were remove Tor #3 called ol below.
| 2. miﬂhmmhlpmm?lmhwmwwhmm-
| oeder (o crents beat in the switch

| Rotults to dute:
i Urable to create a fire.

! Corvaslen/Tgnitfon:
’1 Objecdye — o recreate the conditioms fyvorable to & thermal event.

) " Description: : .
1' Fll switch with a 5% salt water solution. Apply 12 voity & tha teeminel with the beaport grounded. Allaw
- tive wuter solution to boilislectrolsize it dry, Fepeat o nocestary to craide s thirnal svant.

51' Resuln;
- . Whike e hava bean

application.

j
! | b Repegind refills vislded oo significent temperature increase o fict, current fows bave decrease. Fluid has
discolorsd. This teat was saspanded on 272199, Tmal ivepection it plamsd for Lt toduy.

' Thimﬂ_:;l:mhg. Sac spacific wat report,

Shart to growed (ioslds wwiich)

This et is commplaia. Soe mucific test report.
Wear Cocrelation:

This testing s comoplote. See apecdfic et repart.

e AR AT L s

Anto-lguithim tetting:
Ignktion via heating slument:

Objectiva iy to get & frm styrted within the switch by instaiting & very small olectrica] beatimg clomemt.
With a small hesting slament built into & switch, we will fill the connector cxvlry sith beeka fluid, snd
tlowly incrouss the carrent in the beating elemant. We will inoreaee the current wntil ignition, or wsil the

hemtiniy wloartm borrss out {costinoity W Tot).

Sarvprled tested:

1) Dry

21 Pure braks fuid with metal shaviogs
3) 5% brake fluid sclntion

Resnlte:

If & relinbile hewting clomeont can be constructed inslds the conmct cavity, we Tuve besn #ble o incresse the
} itennal tempecatore of tha awish so & kigh of $00 degress F. Typloslly, we see smoks arousd 675 degrees

B, and the basa meits and falls off 0 the slds as it spprosches BOOP,
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al Zrp—— ..

Byaddln;ml:ﬂﬁo‘um{u:mup?nﬂm}Hhmhammmnihdmmhmdpm.

Conclusions:

1} heat alone will oot croass & flre — muss bave & spark of opon tlame W igmite

2) Braks flukl in the cavity actaslly slows the ignition process down — prohblrdnhmnﬂn;nl’hm.
3} 2604 watts is required to attiin the teaperntures mentionad above.

Crusting & beating alewwnt with corresien:
Thee purpose of this text is to increase the contact's amm esough to gonecate the 2 w0 4 witls nocdes W siart

amcking.
Filling the switch with salt water and holding the srw ut L4 volis and hexport st pround is geserating
LOrEOsim.

Reaults;
Reelmance 1s being meapared today.

DOE: :

The squipment needad to modify the cycler srrived this moming. We are wocking o pet the Following
perts oa cycls today:

12 switches with soap discs snd O % water in the bralo fluld b

12 mwlichen with out saap and 0% wier in tha beake flwid,

12 wwitches with snap disc and 5% water in the brake fhid.

12 switches with out snap id 5% water in the bralke fuld.

ilwmﬁmmhmﬂlhwmmmmw.
Esticwed ruasing Gme for thin tet is 2 weeks. Resuity will be pregented in Weihnfl plt format

End of document.
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TI 77PS Test Synup-sis

This document is a synopsls of tests conducted by Texas Instruments during the 77PS
investigaton. The intent of this document ty to highlight test flndings which. drove the
jnvegtigation 1o its current state. Throughout the investigation, saveral tests were -
conducted with the game objective, 'When each objective wis met, efforts veers refocused

to obtain & pew lavel of understnding and to extablish 3 new st of objectives, Ax such,.
mgghaubunmmmmﬂs}hwhmmﬁnsthﬁhﬂorwdpohm '
from the group of tests conducted. Elchlweluhmdbdwﬂthalhnﬂdmrtpdﬁn

__the ohjeetives ——=—-=- - o Mo¥ sire

7a
Level 1@ Create a switch ignition without any regtrictions en methods. ' ..M xn £
Level 2: Create a switch ignition using only items faund in the switch operating fous 7y
environment. fry 5’,},‘,.};}'
Level 3: Understand the ignition mechanism. 5
Level 4: Compyre factors contributing to ignitdon.

Level 5: Evaluate reccenmendations.
Lavel 1:

ﬂhjunw
ﬂngnrf Overall objestive: Determins if  switch ignition will ocour and what conditions

C fet \ e seceasry W SeKO LR jwsw P dlbzcerphor Fi4fp oy
_J’ag The Tmlﬂhjacﬂw ﬂ:mirmmipﬁmmmmumlhﬁu L Trs Ay

SWitchcamtlondd mthbrak:fhndnﬁmdwiﬁwmmumnf%
HA.

14 volta mﬁdmmmﬂmﬂmﬂnﬂalnmullyﬂm (No
eloctrical load across switch terminals). _

Switch hexport electrically grounded.

Test 2 Objective: Dmhuifmitnhigmtinhmmummmlluwins
conditions:
_Ewhuhmﬂwddumhhtke ﬂaddmixadvnﬁlmuugmununfﬁ
“Halh
14voltu|:plludﬁuunntﬂmlml. second terminal connected to & _14:.‘:
restator tied 10 ground. (1 Amp load across switch terminals).
Switch hexport electricaily grounded.

Test § Objective: Detunmnuifmtchmﬂuunmmrundﬂtﬂufnlhm
conditions:

' Heater element instalied in contact cavity of the swich,
inulpplledmthehudngelem:ntunulphmumem
Eﬂmnl:parklppliudmﬁ:musfmmhum
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Brake fluid present in the contact cavity {(wet device) and not present in
the contact cavity (dry deviee).

Raegnliy:

. Test | Results: No ignidon occurred. No significant temperature vise observed.
: Cmd::wmpdﬁomﬂSmAmpsmSmAmpanmnpaﬁudwm
! than (250) hours,

Test 2 Results: Mo ignition cocurred. Mo signifleant temperature rise observed
for a period grester than {250) hours,

Test 6 Results: Ignition occurred in both wet and dry devices.
; The interpal temperature of & wet devies reached §60°F, A
hole bumned through the base of the switch (eloss to the heating slement).
The externally applied spark ignited the fumess which engulfed the switch.
Drv devics: The ftemel temperaniee of 8 wet switch reachied over 1000°F,
The switch base fiopped over. The extemnally applled spark 1gnited the
fumes which engulfed the switch.

=L T LTI

Conclusion:
A awitch ignition can occur under the following laboratory canditions:

=5 Wty of electrical power is dissipated as hent mmm&;us}ms
{Source of heat to melt plastic)

-A supply of Oeygen i3 available. (Hole bumns through switch base),

-An external spark is applied. (Hy-Pot tester ignites fumes of switch).

b pqee—e L

Brake fluid does not contribute to the ignition process
Lavel 2:

Objective:
Qvenrll Objective: Dm-mhnii‘mmﬂtiunmmw using cnly switch
compaoneris and elements found in the switch environment.

Test 6a Objective: Detarmine ifnumd:m degradation of switch clectrical
components can cause an Increase in elecirical resistance (and thus & spurce of
%I‘ o) th i which may lad 1 iuion

o ‘)’Tutﬂ , 8,10 and 13b Objective: Determine if switches mest specification,
wﬂmulpphnnﬂmmddmhelfmmhkbnhﬂuidmmﬁmm

A
rnf,{,dd

Ruulu
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Brake Pressure Switch
Potential Thermal Event Theory Profile 3/8/99

1. Water and ®lonic”

contamination (s.g. NeClor

. Down atream short to ground

A——

claaner) enlers the switch cavity




105710 YSLHNL

Brake Pressure Switch
INSTRUMENTS Potentlal Thermal Event Theory Profile 3/8/99

1. Connector Seal to P/S

2. Power continuously available
3. Switch orientation
4. Current limit / fuse
3. Modify phsﬁc parameters
6. Hexport isolation

7. Kapton seal of P/S

8.  Environmental seal of P/S

C-vioeit v/ pmipnintion
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Current Flow vs Time
Texas Instruments 77PS Brake Switch

m— _N
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From: ook, Andy me.t.corm]
glll: Tusadsy, March 09, 1080 :ﬂaﬂl

' H A, :
importancy; . High '

CMITCMOTIVE AENICRS AND CONTROLE QRA MANGER

34 FOREBET AT MW/9 23-08%

ATTLEBCRD, MR 02703

EL & (30%) 218-2080

¥AX : (504) 238-3745

PAGE: [B0D) 4567=3T00 BIN G04=-2044

From: Ray, Hokman

Sank: Tusadny, HMarch 03, 1599 Bv32 AM

Ta: Hetuizk, Andy

dubject: EW: Ticona's Calmnex ﬂﬂﬂ Brown — Flame Ratardancy
Ixportance| High

Andy,

info from Tioconm

Fromt Dunn, Kavin

3unt: Menday, March 049, 1999 1r32 MM

Ta Roy, Norman )
Jubiacts W Ticona'y Calapax 4300 Brown - Flame Retacdancy
Ipportance: High

FYI

Kovin

Fromi rfyurachekidticona , con{2MTR :!rurn.r.hﬂltimm. com]

Sant | Monday, March OR, 1598 1,13 FM

To: kdvnnfienall .ma. £l . com

Bubjects AE1 Ticona's Cslapax 4300 Brown ~ Flaow Reterdanay
[mpaztance! High

Kevin:

Gur polyaster product spaclalist, Fen Prices, has provided tha following
answars to your guestionm. Pleass lst me know LE you resd any additiopal
informetion.

Calamax 4300 1a rated HE down to a thicknese of 0,71 oo in the UL-54
flaoombility testing, indiesting slew burning parformance. T balisve
skapdazd 30% glaps-filled FED ia alsc rated HB in the UL-91 teast, Dut the
customer can confirm thia with tha suppiler.

Tha thickness and the orisntation of tha apecimen do mattasr. Thlnnet
sections tend to burn gquicker, apd thersfore it iz tougher to get thinner

suctions to pams this teating. The verrcical hurn tasting is :lnm ka
dataroioe 1f o matarial is salf=sxtinguishing.

i
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I1f tha plastic Lis axposed to sctmthing flapesabkls auch ad gasoline, of courss
it will be mors susceptible ta mrning.

Calanax 111§ has improved flaww retardancy over Celsoex 4300. Celanex 3318
id rated V=0 dowm te 0.4 w1y Ehe H'L—H tedl, which mwabs it L :
salf-sxtinguishing., _

Regards,
Bob Yurachak

~==——Qriginal Hassage—-——-

Fromi Dunn, Xevin [mallte:kdunnfemall.ma.td. com]

Sant: Friday, March 9%, 139% 1149 M

Te: cfyurachakfticona.com

Jubjast: I'I’: Ticoka's Calanex 4300 Brown - Flame humnﬂr

Bob, Plesase provide anawsra to Norm'n qua.ut:l.'unu.

Thanks,

Havin

' Trem Roy, Wormap

£ Senti  Wadnesday, Mapch 03, 1999 midS AM

P . Toyr:r Dunn, Kmwin

Aubjace: I Ticoha's Calanex 4300 Brown -~ Flame Retazdancy

—r— - e e ———

F ' ¥avin, Reswnding

f] Fromi Roy, Hexman

i Sant: Monday, March 01, 159%9 31!! EI!

Toi Dunn, Esvin

Subjact: Ticopa's Calanax 4304 l:l;m - Flana Batardansy

Kavin,
III - . Head tha following information regarding the subject saterisls

1, #what is the fleswabilicy eating? How dess it compare to PPG, Hatural,
A0k glase Filled.

2. What doss it mean? Hew doss it 'mnn ta the PEC rating abeve from a
ralative performance standpnint?

3. can the matarial suatais Sit'a own ccmbuatieon, i.s., will it continus to
burn whan' the Ignition scurcsa haa haan rumoved, Deoas the orisnkation of tha
PAIt mRttar in celnticn to the igniticon asuccs, werticwml, horlzaontal and

- doas the thickness matter? .

i. AL what teaperature would the material h-_q:l.n to smoke and at what

) teopacature would it begin to burn with an lgnielsn seuzsa pnum: for a

- . standard UL thicknesz? Would esposura t2 all, gascline ar othar petrolmum
T : products snhance lt's abilicy to austalp a flamne when eipoasd brisfly to mn
: E Lynition sourca?

E. Can the flaxwe reaistanoe ﬁ! ‘this omtarial be tmpioved? If it can what iw

nesded{more flama ratardant, differant flate rebardant, osler, Filler,
thickoesd, wta] and what 1a the relative _anzzmrm-nt fiom tha hise line? I

ST _ TI-NHTIA 012313




.- it gquepeifighlet
. Urgsnt Mked for answars to thass questliond.
Regucds, |
Hu:ﬁ.

—— L r———_—

—_—r—a
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Fram: Cague, Bryan

Sant: Wadnesday, March 10, 15654 706 AM

To: Mciiulk, Andrawr; Deringhausa, Seven; Baumann, Russsi
Subjact: FW: DOEregort )

in caas you guys wanted ta read this cver before our maating this maming.

Biry
" From; Mollgan, Seaan

sant Yusatdny, March 00. 1000 0.58 Pht
Dagus. Bryan

DO _twwin doc

Brymn, hare iy the report. | hares been having troubly with the Wisibull shaets &5 you may not be Bl 10 Shixige them,

Hamn

Page 1 ~ TI-NHTSA 012520




Proprisary [nformation: Anomey-Client Privilega [mvoloed

77PS Life Cycle DOE Test

- to Leakage

Abatract

The purpose of this life cytle test was to quantify the life expectuncy of 7/PSL2-1 (map

disc) and TTPSL4-1 {quist dizc} hydraulic pressure switches, {12) 77PSL2-1 and (12)
77PSL4-1 switches were prezsure cycled to leakage with pure brake fluid. (12) 77PSL2-

1 and {12) T7PSL4~1 switches were pressure cycled to leakage with brake fluid combined
with 5% water. Upon leakage. the suspect switchess were removed and the number of -

cyclea recorded. Welbuil Analyses wers then performed on the dats.

Dus to results obtained in this test, an investigadon was conducted to detsrmine why (1)
group of switches t‘ailadhtfbﬂthnﬂ}ﬂh-m The results of the investigation are

also presented in this report.
Procedure

(48) 77PS awitches were used as a test sample. There were (4) groups of switches as b
outiined at the bottom of Table 1, below. (2) switches from each group were Joaded 1
through clutch assambliss provided by Ford. All switches ware plecad in an ovan whare

a tempernture of 135°C was maintained. The switches weve cycled from 2 psi o 1450 pui

at o frequency of 2 Hz. When a leaky switch was detectad, the test was suspended mnd

the switchea were allowed to cool to ambient temperature. Leaky switches were removed
mdthumnnhurnfmlummd. The remaining switches were brought back up to- 135°C

and testing resurmed.
Tabia 1
Crchsmwickage
Samplo# Group 1 Grup 2 Chroup 3 Qroup 4

Koycles) | (Koycles) | |__{Royles)
1 5 1178 1197 288
2 ) 118} 1197
3 g 1192 1197 ' %___
4 8 1192 S 338
5 ] 1197 s 342
] 3 1233 § 378
7 ] ) ] 380"
] S g S
g — 8 S 8 _%.
10 5 3 3 5_7'
1 ~s 5 § 387
12 5 3 8 3873

-
3

e} wi 3% wuter in benke S,

| Group 3: TYPSL2.1 {snap diec) _ wi 3% water in bruke Sl
G 1 TTPSLA-1 (m g) wi 5% watay kn Budd.

Notes: "5™ denoms sample did net lesk.

TI-NHTSA 012621




Proprietry [nformation: Atwemey-Client Privilege Invoked

. *indicates switch was loaded through Ford chuich assembly.

Duta
Summary: Temperuture: 135°C
L Pressura {low): 2 psi
Pressure (high): 1450 pxi
Frequency: 2 Hz '

Table 1, above shows the number of eycles o ﬁﬂwmmhm “The table is
incomplets as tests are ongoing. . _

Ruultl

- Weibyll analvsis: Weibull mﬂymmpwhrmdmhdmm&nmﬁmmi

and 4. The results ars shown on Figures | and 2, respectively.

* For each set of data entered into a Weibull Anslyxin, the sat of perameters o, f aod R wre

determined. Values for the data uped in this test may be seen in Figure 2.

a is the Charzeteristic Life which determines the spread of the distribution. The higher
the number, the greator the spresd.

B is the Shape Factor which dstermines the shape of the distribution curve.

R is the CoafTiciont of Determination.

: Asgseen in Table 1, ummmﬁawumumwm
w:umdinth:muthum An investigation was conducted t expieia this. '
unaxpected reqult, It is spxpected that prematurs leaks in Group 4 may be sttributed to

. excessive stressss on the disptmagms of Group 4, Excess strees may be caused by height

differences betwean the convarter siid spacer (sea Figure 3, balow). Messuremesnts wers

-mldemmmulhuunvmmmhﬂ:ht dlffumﬂnf‘ﬂl’su-l nmtdmm

those of 77PSL4-1 switches.

. Figare 3, L
Co .
Th a
(3)
(3)
(4) § report.
Th - v placed on its
res Rotee 12 applied to the
spt P s used to TeATUTS
the ' ' ure 3 above). (8)
me / . - the locations

TI-NHTSA 012522




Proprustary Information: Atiomey-Cliant Privilegs lovoked

. randomly put back together between messurements, Raw dita and further disoussion are

presented in Appendix A. The resuits ars pressnted in Table 2, below.

mnmmmmmmmw{mmJ.ML . i
{Dell = Colverter — the average of all spacer baighey menmered for thart sasrpie). -
Standard Devigtion in the standard deviation of all specar hadghis messursd for that sarmie. : '

Coaclusion

All 77PSL2-1 gwitches tysted, (24), campleted over 1,000,000 cycles without w leak
whon cycied with either pure brake fluid or with a brake flaid/ 5% water mix.

All 77PSL4.1 mmhumndmthpnmhlhﬂmd.enmpimdwl.m.mc}tlu
without a leak.

{10) 77PSL4-1 switches leaked before 400,000 cycles when teetad with a brake fluid/ $%
waker mix. It is suspected that thews switched may have s Jess then optimum converter 10
spacer height that puts an excesive strain on the disphragm. - Mossuraments have been
naade that tend to support this theary. Analysis of these switchws wd 77PSL2-1 switches
{se= Tabls 2 ahave) hag shown that the converter on 77PSL2:1 switches protrudes shove
the wpacer roughly 1/1000 to1.5/1000 of sa inch more then on 77PSL4-1 switches. This
difference may be enough 10.cause premature lesks. There seenta ko be 0o significant
difference between 7TPSL4-1 awitches thet have been life tasted and those that ave pulled
from the productien line.
Thmuamﬁwh;hnuﬂ:ﬂdmmhmmhmﬂemthemmd
spacers. This may be mitributed to varlations m spacer and converter thicknass' az well a8
messurement error. However, there in enough evidence to-warrant further investigation.

Raport Autbored by Sean Mulligen

TLNHTSA 012523




Propriecary (nfonmation: Atamey-Clivat Privilege Invokad

Figure 1.

2 and 3 parameter WEIBULL FAILURE ANALYSIS

T LIS harw 10 neslowirie #f fiers deta [ —
um‘u‘mw-m Q Weliul Frobability Plot N
— O Lagearmal 700% .

"=,

p————— I.“ N N -, . N _:-_i_
s Cajculuiyd Quiuts MhoN0  MMits ARG MM MINTA RIS
-
Thown % Follury feayored sbindkinpin )
¢ = JOOMH3
J = 10879 h —
- N
= 408 i RellabiRty Punction A

NOTES: Group#: T7PBLAT W B Waler in Draike fud
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Propristary (nformation: Attormay-Clism Priviloge Envolmd
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Leak amalysis: The following is an explanetion of messuretnsnts made on converter and
spacess heights of 77PS switches. (Refer 1o (4) mreadsheet pages included).

Emﬂmﬂinnﬂmmm' The firet {2) pages of ths spreadshest that follows are the data

Calygn 1: “switch ¥ ja the name of the switch that was analyzed, (s number refem to
number of cyches in thousands i.e. 322 = switch that leaked st 322,00 cycles)

Cobamm 2: “H™ in the converter height messurement.

Columnx 3 10; are the locations wliers messurements ware made oo the spacer.

As you resd down each columm, the {3) sets of measurements made on each device is
pmmudhllnmdhymmfnrth:ﬂnnmmdﬂumm
('*mlw"]

mw mmﬂ]mﬁhmmmﬂh
analysis pages,

Column 1; "A?Ew'lsuuavempufﬂummma:nmdnmhm
{logations 1, 3, 5, and 7).

Coluren 2: “stdev" iz the sandard deviation for the (4) ianer mossuremants.

Calumn 3; "AVEDWuthnﬂmufﬂu(d]mmMDnthnm
{locatione 2, 4, 5, and 8),

Column #: “stdev" is the standard deviation for the (4) outer measurements .
Column 5: “AVE TOT." is the average of all (§) messuremanty mads on the spacer. -
Culunnﬁ:*m"ism;mﬂu'ddevi_iﬁnn &r-&n{ﬂmmﬂmtﬁem.

Colunts 7: “Delte” in tha converter height, H, minus the average height of all
meamrenunts mads on the spacer, shown in bold in the “AVE TOT™ colurnn.

Column 8: “stdev.” is the standard deviation of the “Dalta” column

TI-NHTSA 012827
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Dy fowed o Ay, M G Koo
Contributing Factors -
. R
_ A 1. Connector Seal
2. Kapton Life
3. Continuous Power
4. Switch Orientation
5. Current Capability
6. Gl’(ﬂ)ﬂdﬁd Hex-Port

7. Plastic Parameters
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. Peapriewiey Informadion; Attorasy-Cliest Privilege evoloed

77PS Ltl’eCyelu DOE Test
mLulllw '

mm'dﬂ.mmhuwimﬁ-mwamu
disc} and T7PSLA-] (quiet disc) hydruulic preesars switches. (12) 7TPYLI-1 and (12)

+ TTPALA-L switches were premmue cpciad to lasknge with pase brabe fiiid. (1) 77PSL2-

-1 and (12) 77PELA-1 swisghas wess peassuwe oycled 1o ledkage with brake fhuld combined
with 3% water. Upmwhmmlﬂ-mmmhmhuf
cyches recordad. Welbull Analyses were then parformed ou the das,

e to resuits obtadoed in tide teet,  irvestigation wa conducied to doatormine wity (1)
group of switches Salled before the (3) other growpe. The rosulis of the ivestigation are
also prosooted in this repori. _ _ :

Proosiars
{mmmMmu-duluqh Mm{#}mﬁm-

. outlined ax the Botiom of Table I, below. (7) switohes fhom esch group waze loaded

 Hhwough olusch sssemblion provided by Ford. AT switchas wies placed i an oven whees
' tecqpezature of 135°C wesmalnazined. i wwitches were cycled foin 2 pal 1o 1450 pei -
ik a frequeney of 2 Hz. m:wmmmmuwwﬂ

the sovitchos ware allowed to ool to smblent impersiars. Lesikcy swikches wrare remaved
and the sumber of cyeles noted. . The remajning switches ware bronght back 12 ko 133°C

. Toklel

%.

lmhl -Iiﬂ.nlhh L-Iu-rt.

i i

=

i ry g o




—.n

Progriaticy Information: Atarmey-Cliot Privilege Irvoked

Summary: Tampersizre: 135°C
Frowwure (low): 2 pei
Prossure (high): 1450 pei
Froqueooy:: 2Hx

' Tlﬂ:l.lhﬂﬂlﬁﬂhunhuleyduhﬂlnhlﬁhm. The tablais

w-mnm
wmmmpmuhhmmumz

Yallzll apuivalr
and 4. "Tha resutis mre shown oo Figurs, | and 3, espectively,
hmndhmmmﬁmmuuﬂmmmn‘m

-deterenined. Vlues fx the deta vaed in this tost mey be seea in Plguxe 2.
o ixthe Chamscteistic Lits witioh detecraines the sprend of the distribution. The higher

the pumber, the grester fiw spresd.
ﬁhhMMMMthhMm
a uﬂuMduﬂnfDﬂnﬂnﬂim.

Az soen in Table |, {1C) beaks ooourred in Oroup 4 wall befars any leaks

I.lk.lllﬂ!
- pomarred 1n the (3) other groups. Aa investigation was sonducied ta explain this

unaxpected result. It is suspected thet precature leaks in Group 4 may ba sttrfhated to
excasaive siresses on the diaphgagras of Gioup 4. Exores sizess may bo czusnd by helght
diffarances borween the converter and spacer (aee Pigure 3, below). Messuremantz ware
made to compare the: oomverter to spacer helight differential of 77PSL2-1 switches w0 .

those of 77FSLA-| switches,
Figam 3,

gt

Tl-ﬂm 01253




I, P T

cabllgiiionl, . "

Canverter 10 spacer height masrurement Procodure:

- The following ssmples were de-crimped and collected for messurenent;

(3} T7PSL2-1 switches from the production Hne |
(3) T7PSLA-1 wwiches from the production tioe '
(4) TTPSIA-1 Nlﬂllﬂﬂlﬂkﬂﬁmﬂminfﬂ!qehtﬂthﬂﬂlm

mmﬂ-wﬂoﬂm"m Each speoer was placed on its
‘reapeetive converter sid plaped on alovel murface. A small presmars was xpphind (o (e
Ipaow to kewg it in pood ocatect widh the ponveiter. A dial ingioator wiv newd to measure
the haight of the converter relative o the level surfion. ($ee “H™ 1n Figume 3 abowe). (B}

- rnosrucerants wets mads of the height of the spacer on the copvarter of the lovations

shown in Figue 3.  Becaush Seet repeatebility was & coneers, osch. spaceeiooaverter
comblnation was messured (3) times. WWHMMMIﬂ

© pressatad in Appandix A. The results srw prosacind in Table 2, balow.

Tuble 2,

. 'Mhhﬁnnntmmﬂnﬁu

wpwced (she Pigurs 3, sirwe).
- (el = Camverisr ﬁ“dl"“mku-ﬁl
Seondvd Devistion 13 e staderd diviation of'all spaser haights mesgerad for thet symple .
Cﬁlﬁhl

umlmm mwmlmmwm-m
mmmmmmnﬁuwﬁmmwmmm

AlL TTPSLA-1 mmw“mmmmwmmimm

. withaut & lesk,

uu}mmmmmmmumwm--mwm
witer mix. It s suspecied that these swiicies may huve a lesw than optimuat convistee t

THNNTSA 012097
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Propeivary tnforomtien: Atomey-Cilem Privilege [nvokad -

spacer belghs that puts an excewyive stmin on the disphmge. Massurements have bean
mads thwt tend to support this theory. Analysis of thawe switchay xnc 77PSL2+1 swiches
{see Table 2 sbhove) has'shown that the converter on 77PSL2-1 swhches pootrudes abowve
the spacer roughly 171000 w01.5/1000 of an bnch maore than on T/PSLA-| switches. This
djffaremoe may be endugh to ceuse premeture leaks. There seems to be no

differencs betweets 77PEL4-1 wovitches tat have deen lifa tasted and thase tast are pulled
from the production ilos.

Thare Is & rether igh standard devixtion fir messonunents made on the convries and
spacegs. ‘This may be mixfoaed to varistons in spacer and coovwrer thickness® w woll sz
tneasurmnent tvror. However, huhmnhaﬂduuhmhhhm

Report Anthornd by St Mulligen

TI-NHTSA (12338
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Propristery Informatiod: Atomey-Cliost Priviegs kivelkad
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Powe 2.
I : 2 and 3 parameter WEIBULL FAILURE ANALY31S
j : [ Woltull Probubley Fict 3
) ; . - ,
i
m;ﬂl ;nu'nhu — n-:m.lrnu.l
‘ . Tiw ' Falue Sngead iunan Bef
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B . ik
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. 200 4
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Propriatery Inforeuion: : -
_ Attomey-Cliet Priviiogy kivokad

Appondlx A
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Fropeintary nformation: Anoeney-Cliont Privilegs Invoksd -

Leak snalysiy: The followity is an explammtion of massrements raade oo converter and
spacers heights of 7TPS swisches. (Refor to (#) sprondehest pages included).

wmnmmﬂmmzmuuwmmmﬂu
Columm 1: “gwritoh #* is the neme of the switch thet wis waalyzad. {2 samber rofbrs 10
turnber of cyolay in theusands ia, 372 = pwiseh that loaked ot 122,00 cycles)

Column 2: "H"hthum.hﬂ#m

Cotumns 3 - 10: sme the locutions Wi mesxiswmunss wers made on the spacer.

Az you resd dowa aach colunt, the (3) sets of mensurements tade on sach devicoln
mmwnmhhhmﬂhwm

Exglaoation of Analvein pagas. The tast (2) pages of the spredahest thet follows are the
analysls pages.

Colamn 1: “Aﬂm“uﬂnmn!hmhmmmﬂmhw
{(looations 1,3, 5,and 7). -

Column 2: “Mhmnndlimmrhﬂjhum

Column 3; “AVE OUT" is the average of tha (4) iver isanswpannts ipkda oo the spacer
(locationa 2, 4, 6, und 8).

Column 4: “widev™ 1s the sundard devistion for the {4} outer muessuramoLs .
Columt §: “AVE TOT." i the average of all (8) meanmomenis made on the spacer,
Colums 6: “stdev” is the sisaderd davistion for the (£) messeremants made- on the spacec.

Colaenn 7 mﬁnmmmam&-muﬁmm
maasirernents mada on the apacer, shown in bold in the “AVE TOT" column.

Coliom B: “sedev.” 1 the standtved devistion of the “Delta” colomn

TI-NHT3A 012542
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S9N
T7PS Life Cycle Test
to Leakage

Abstract

The parposo of this life aycle tost was to quntify the Hife sxpectancy of 77PS hydmulic
pressure switches, A sample of switches waa cycled nadec specified conditoes umtil
leakage cogurred. Upon loakage, the suspect swich was removed and fhe nuonber of
cyeies recorded. Welbull Fallure Analyses were then performed on the data.

Praceduirs

{15) 77PS rwitches were used as 2 st pnpls. Tha switches were placed in anoven
whars a tempersture of 135°C was malnteined. The switches were cyeled from § pel 1o
1500 pal wt 2 froquancy of 2 Hy. Whea & leaky switoh waa detected, the test way
susponded and the switches ween alkownd 10 cool 0 ambient tempersturs, The leaky
swiich wia removad snd the nomber of cycles noted. The remaining ewitchey wers
brought back up 10 135°C and teating ressted.

Summary: Tomperatre; 135°C

2 '
26 - : 121
“Tow: Some rwichm o Yo 3eme time; il 5 refiacind I % Socrve M where Hwen arw mowitipls

smariities Jor the saem oycles i laskage,

THNHTSA 012547




Propristary Informalun: Atimeney-Cliont Friviiags kneokod

Rawuita :

‘Al (35) switchos passad the apecifled 500,000 cycls requivemant. Ouly (1} loskage
osaurrad below 1,000,000 cyalss.
mmmaum:-imm-lmmmuhmnm
lenkage modes of ywitchas shove 1000K cynles. Aa investigation i oegoing to gain an
undesanding. uhuﬂmnﬁhmniﬂﬂdmummmumﬂ
thw analysls. Therefore, tan separate analyses ware pacformad; oos including ta 72RK
datn potot and ooe exchoding the 726K des point.

Waibull Failore Analyses wers performaed on the date '

H.unl (page 4 of this report) shows the resalis whare the T20K data palet way inobadad
Hshowa

ﬁm!“iﬁﬂMMﬁuﬂlﬂnhmmmmnﬁdﬂ

In the soaiyxds. It showsa

mmmummmmummmumm

Waibull analysis instesd of das (353 svallible).

Table 2, balow, waa constructed using the Wedboll Palhae Analyses of Figures 1 and 2.
Parcort relishility wim obtiad sa a fenetion of Hfs cyclas. Tha tamits e diplaysd
graphienlly n Figurw 3 balow. -

Table 2 ;

. % Ralishility vy. Lifo Cycles
[ 7ob00 o 560 &
2 e
1500000 (2 . 3
- TI-004037

TI-NHTSA 012843
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Broprictary Information: Amecety-Cllent Privilgs imked

Figare 3.
%Rellabllity ve. Life Cyoles
[ —t— 728K 1ot inchuded ~8— 728 inchuded |
120 :
100 =
in
3 o _ -
-*m .
2 :
) . I
S00000  THGOOD 1000000 1250000 1300000
Lifs Cycles '
Disession «f Wellvgll Pallure Aunlysls

For each st of dem entered into & Welbull Analysis, the it of parsmetors o, [ xad R ae
determined. Valuen fior the dets 1ded in dris test may be seen in Figure 1 and Figue 2.

@ in the Charsoteristic Lifs which detarmines the spread of the distribiion. The highwe
the number, the gresier the spread.

Foc example, Figare 1 shows a caloulated o = 1,301,169 while Figure 2 shows & valoe of
241,858, [n Pigwaw 1, the 728K potnt i included in the amlysis and cscee 4 gresher
spruid of thw distriltion than Geet of Figare 2, where the 72K point is not inchudad in
tha malyils

B ia the Shaps Fasor which desermines the shaps of the disribution cueve,
R* is the Coofficient of Determinatics

Concluion

mammmmmmm :

Raliability of PS7T switshea to 1,000,000 eycles is af least 9054, Ihllﬁlliu:lnli;hu
mmmwwmummmumuwnmm

Raport Autiuovd by Sewm MoTligen

- THNHTSA 012849
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Propriciary [nformation: Atewney-(ilent Privilegs Irvoled
_I'ipm.l-

2 and 3 parametar WEIBULL FAILURE ANALYSIS
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I.Ilm: Priv

32799
77 P'S Heated Deavics Tasting
Abstrast .
. Thnmmofﬁhdmhhmmmmwm
bt panerated in the contact cavity of TIPS switchas. Several metiods were usd to

mmmmlﬁum Hmhpﬂndw”
recorded aa wall s shesvations. :

Prossdure |
A heser wire cotl was instilled in sach swiioh buse where the conincis and ans assenidy
noemally occupry. The hatier wan sttachad 1o the wreviualy by remving the eontect srm,
andl grinding sway the fivat. The stetionary contect was drilled axi m'ﬂlﬁlnﬂl
wim cutter. The heaier slement revngted o totel relatence of 0.5 ohms.

Amﬂlhﬂlmﬂdhuhmww&dﬂmuﬂlw
tharmocouple wire to monitor cayity temperature.

A varishle output DC power supply wiis used to power the basting slement Girugh the
mating aocteetor lands. Tha-davions Wi ptased e & Bre-yof aven md fiowsd to
mummm vnmm-ﬂmmm

"Ifl:mdunulmhh&:ﬂnu lu:mmmmmmw inthe
comvtaet cavity, Deviows 2 and 3 ware dry. Provistors ware mnde for an sormal sotros

of iguitica by drilling & .040 hols on & 45 sngle through sech bese ad iwwting 4 042
Torringeon pin. hb-puuﬂruunﬂhm-m

TI-NHTSA 012034
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Infonuation: Thvokad
mmm

e
Data

The dats obtainsd on devioe | iz shown in Table 1. below.

Table L.

Tast 1- Wet Device (readings st appr.l min. intervals}
Voliags Hoasdr Cumrent Inieerial Teaparatiae (°F)
(Volim {Arrw)

27 1.0 100
30 20 173
.. 29 230
50 30 H6
] 32 49
16 248 300
97 31 140
1.1 16 460
12 3 462
1.1 ¥ | A28
13 40 31
1.1 16 by |
1.4 4] 647
1.4 4.4 660
Notew on Tabla 1!

Out-geexing of fiwids begen at 220 "F surd 2 noticesbile hining wnnd vwig present,
Smaoke wis visible and the base was veating from the side at & tanpematurs of 246 °F .
Smoks vaoted until Bxdiure of the base at 660 *F. At this point power to heater was shut
down and spark was ganaated using tha My-nos. Ignrition of gmises ocourred st this point
an] tha fre wan sxtinguiched .




Propriviary Information: Attammey-Clivat Privilage Ivoked i
V2w '
The data obtained on devics 1 1a shown in Tabls 2, babew,
e Ty e v, Tahle 2.
Teat 2 (dry dovien with spark)
Voltagn | Heater Currest | Brterpal Temparature Notes .
{Ampe} {*f
1.0 11 301
169 30 T4
Cmﬁhd.'l'ﬂlnr?ﬂ
1.06 kN1 5%
1,06 300 [T Smoks Decarne vIi[oM from wenloel ey
12 3.1% £50
.13 3.
1.13 n: gm A vl burs rcagh aree I e bise.
e
i.3 3.18 707 _
1.13 3.36 722
i20 | 3.4 758 '
.26 3.85 [ Ay fopped aver
1.36 4,00 1))
*LEgkt amake became Srocn ek bl S0
v A small bum
Notos on Takls 2: .

hwuhﬂmﬁhdnfh:ﬁdwkmmmm
ignited and extinguished rapidly. The ugper portion of tha switch did not ignite desgite
1230 °F temperaturs .

TI-MHTSA 012838
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Progrietuy Iaformation: Attovoey-Clivnt Fiiviiegs milbad”

wiee .
Data obtained on Devica 3 ia shown in Table 3, below.
Table 3. '
Tebt 3 {rupld aenp. rise)
Yaolinge Hatler Crirninid Iternal Tempearaturs (°F)
(Volts) -
1.0 _ 36 300
' 12 - 4.0 360
2 3t 543
3" 27 650
13 37 ]
13 37 530
i3 3.7 967
" Motes on Table 3:

Roadings for this sest were mada st spproectmataly 20 sooood intervals. This wasa
flast heppeniag event, wheee the internal tenporwhane rise ik vaty rapid. Smoks smitted
at 300°F, The devios vented st tha side of the base wt 643 *F mad tha base did oot Gal]
aotll 1435 °F wap achieved. A spark wes ipyplied at 1436 *F and fizmes ignited . Tha

Ceaclusisns

Haat genorsted i s contact cavicy of wwitchs is not sufficient to inftlme a

theral svant. Vapors from bess plastic melting mnd » cadnlyst-such &2 & spark are
neooasry fix ignition. In order to suptain an ignition, devices murt ba opan o the

mimosphere £t 8 sepply of Oxygen.
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~ Potential Actions

[Acitl power off awiich
We-iocte swhch to RUN cirou

D |Improve oonnacicr saml
s|nm rmm,mm
B | |imorove kapion diaphmgm

| [wartivine tose wn swnch
[Ps-lonts awhch 10.ground side

. ﬂ‘_lfmm

' [inaviste Bwitch from peop vl
) Liss fame rateriant pisatic. -

| Kaphoali

Conlinssces; P c -

Guiich Cuiantalion n

OmaiCvmy | 1 a | =

: Enouncing Hc-port




Dt b Audy 4 A G o

: .'-' C_on_tributing‘ Fac_toi's

1..Connector Seal

2. Kapton Life

3. Continuous Power
4. Switch Orientation
5. Current Capability
6. Grounded Hex-Port
7. Plastic Parameters
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PRODUCT DATA SNEET Ot Aur A, PPA/RAL Sk S50/
: 08 SPON iz ) SARTH
= NORYL: SE1OrNE EURCAE. CORNERCIAL
AYAILABILITY: Rurapa, VSA USA i CONMERCIAL

gR ZoX. aAToF (134C] DTUL. ULP ¥-71 reisd. Halagan fras {fleas reterdent .
For sleatrisal senwirustisen applisasions.

INJUCTION MOLDINQ

Meit Tamparesturs ag-a00 deg M
Nezuls L UL duy F
Frany ) | [T RT 1]} dog P
Hiddie izt dag F
fagr ({1011 1] dey P
Held Tenpureiurs 178-221 dag F
Drying Tesparatura 280234 deg F
Orying Time Laveregsl 1-4 h
Orying Tins lasxisum) 8 h
Halurtues Geninnk, Hanisus q.08 k ;
Bauk Frassurs §0-100 puig
Seraw Spend f0-100 rpn
Thex sins te Cytinder §ipw 30-T0 ]
Seures Brie, print datn: PPAOR/1Y, leme updmimd: #7/03/11
THEEE PROPEATY YALUAS ARE NOT INTENDED FOR JPECIFICATION FI.IIFIIII
ALL DATA SUBJECT TO ETAMDAAD DISCLAZNER

K—\ ot o GE plashies T8>

HALZ 9 (gndd M fhe W}) o
Yoo sl DE befir “than

she Cycolac as 105

g .
A)

lﬂmm-mmu“#““

oy T ==%E""“F”*@“E§E“‘ =

u--h -nlun- llrl-h iy inkingamust of aPpamiind.
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PRODUCT DATA SHEET O Al A, PO, 404 FEI87
28 0o Fr: (T3 MNTR!
WARYL: ENTEFENR EURDFY: CONNERCIAL
AVAILABILLTY: Eurepe, USA USh  : CONNEREIAL

GR ZOX. TTOF [132C] OTUL. UL™ ¥<1 patad. Helegun frus (lame raterden:.
Fer alevtrioel ssngrrugrien applisatisne.

FROPERTY TYPICAL BATA  UMIT METHOOD
NECHANIGAL .

Taneile Strengvh, ylald. 7 I, b 128" NEe 1] AMTH D 450

Tannila Ulangueion, hl'lll.’r.zl in1ae~ 1.0 E ASTR D 30

Fiszural Jxrangth, yisld, §,290° X048 pai ATTH D TPe

Flunurel Medulus, 9.H9" (F111]] pui ASTH D TR
+ Hardrase, Rewkwell L 104 * ' AITH O TAW
INPACT

lans Impuer, netghed. TIF i.0 firindin AITH D 2l4

I3ed Impaut. nevehad, -400 1.4 feribfin ALTH D B4
THERNAL

HOT, dé pui, 0.Z208°, unanneuled Ll dng F ASTH D 440

HOT, 2d4 pui, 5.200", wmenrealed iro I-, r AITH D éAD

ETH, flouw, -40E ea PODB LN AL infin=F ATH W

Tharnal Inden. Hlwe Prep 114 dny £ w e

Tharaal lndeu. Hash Frep winh {mpusc 109 dag & UL Thil

Thettul Indun,. Resh prap withoud impsar 110 dag C UL TeaB

Gluss Tromaition Tamperaturs 111 .ty € - :
FHYEICAL

Spasifie Gravivy, eskid 1.83 - AJTH 0 TR

Hutnr Abssrption, B4 haurs 8 T3P 0.040 [} ASTH O ET4

Natd Phrinkege. floew. 0.138° [ 4 ] tnsin U+3 AETR D PES
HLACTRICAL .

Bislastria Sirangeh, In pil. 139 »ila e Vrail AETA D 147

Dlglasiris Canntony, &0 Hx t ] | - AITH B 'H0

Diasiparien Faater, dd Wi 1. 8014 - ASTH D 180
PLARE CHANACTERIETICY

UL File Nushar, YEA nan . "

¥=1 Razad Cravtud dhivhnpepl g.08l imah UL &

V+§ Newved (ramzad thishkmawnl a.34% inahk UL s

Oxygen Indar [LOI) 1] ] ASTH D Iua3

Seurss drie, print davy: PRAIR/1Y, Lamy wpdaimd: PRAE700

I PR ML A -',
sy eyl X

d

my ““‘#Iﬂl_l‘

- - . e L R, alriodulel o 82 J o, LAk
e e ek ar e ey
i . .
-
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. 1 NS-ON0 i K18 $-TTI

The fallewing infarsdiion yag uand es raquent this fan:
‘FAX NUMBEN . i AMEA: $08 NUWBER: SI43684 COUNTRY:
FAX TO (COMPANY) : T1 .
PAX FON TNAME] : ALAN ANDNE

[TALEPHONE] : ANMA: NUNBER: COUNTRY:
SENDAR ©9: PEIRIS0 MNAME: XOCH, ROBERT CTEL:

CONTENTE: V104

WOULD NOT JUSOEET FOR UNDERMOOCD APPLICATION. ... -

. LTIV, WALOW, ‘e Bugipired Tvasamari of finvernl Qamjpany
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RRODUCT DATA SHEET syl - U
2 ON fe ) AT
, CYCOLAC: YIND ' SURGPE: oRSOLETE
# AVAILABILITY: Rureps, UIA URA : GONNERGIAL
UL/CEA Vistad. ABE fless raterdent Wesad upan nan-POME sdditivas. Oeed
prepertise/soughness. Rsasilent waldeiility, :
INJECTION MOLOING
Male Tenpursrurs ' 10 dug F
‘Hexsle Tanparsiurs We-s10 ‘.:‘F
Frony Tadpareturs : LLAaLT U dag F
Hlddls Tasparstura 00400 day F
flsar Teaparwrurs Jv8-3de deg P
Matd Tesperaturs 120-140 duy ¥
Deying  Tamparatura 108190 deg F
""f“'ll Ting [wminimm] -4 h
Drying Tiva (waxinus] d h
Matuture Contant, Waxisus 2.1 X
fesk PFraveery =148 pai
Saren Jpagd . L L L .,
lugpestad mhat aizs Si=Th -
Yent - Gupth _ NLiILN L in .

Sswran Briy, priny deve: FR/05/41, Loae updeved: 97700794

Tiel FROFERTY YALUNS ARE NOT INTEMRED FOR SPECIFICATION FI.IIHiIl
ALL ODATA SUBJECT TG STANDARD DLISCLAIMER -

ML O
HAL O
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OF Plassley
; Soris
PRODUCT DATA SHEET e T s PRatot, 184 10
iy =ley ity
CYCOLAS: vies BURDPFE: OCBPOLETH
AVAILANILITY: Burspa, USL [H 19 ' COMHENE AL

VL/7CIA Liavad. AR Mams redwcdenc basnd wpen nen-PREE sddisivas. Used
prepurtised tdughssvs. Baanllant neldabikiny.

PROFERTY . TYPLCAL DATA  UMIT MITHOD
NECHANTCAL

TIHIH- Sarengkh, yimld, Typs I, 0.T28° 4300 pai ATR U 438
Tunmiie Nedulus, Typm I, #.°900° nem pai AMTR D 450
Flauurel Jtrangth. yiaid, §.128"° Co1eiee pal AZTH B TR
Flesural Badulws, 01007 Jivean pet MTH D TV
Herdnasy, feabwsll R 10% - AMTH O TOE
THPALT

Tzed Impaet. necshud, 73 3.0 fe=Lb/in AITH O RE4
Qerdner Impass, 73F ' a9 fx=Lbn AITH O Ja29
inatrusanted Impeet Enmrgy & mi TIF b - In~lan ASTHN D 3T4d
Instrumpnted Impeay Knargy 8 IT.0 fr=lae AETHN D 3743
THERNAL

HWOT, B pel, G 1ES". wnanmmdled 148k deg ¥ AT D 84
Tharnal Indes, Eian Prep 1] dog £ i ™88
Tharsal Index, Mash Prépg with {mpaan & deg € . Tvil
Tharaat Index, Mash preg withous tmpast &8 - dug & . T4l
PFHYSIOAL

fpmaiita Bravisy, sslid 1.1 - ARTH © TPR
Meld Fheinhagu, flow, 0.108" T infin E=3 AETH D PN
Melt Flow Rats, naw'l, TIBC/7L.0 byt 1] 4.9 g/1% min AITH D 1200
FLANE CHARACTERIETICE

U Fily Nusber, U3k TIR14R - -

V-4 Revad (ranvad shishnesal g0y inah w "

WA Rexi (1uatmd vhishnesas) e.17 insh L™

C3A Pew File for wemplete Lisvingl LIMAR File Be. 14 LIFTED
CEA ASE, B=. 0.4 8108 tneh Srad 222
oA 9.4¥0 8.0 Insh Jud .2
Onygen Indem 1LOL) : tr.: ] AETH D RNa3

Jaurar Urig, print dete: PP79571Y. Laet updetad: P79/ 00
THESE PROFEETY YALUEY ARE NOT IRTINOND FOR SFECIFICATION PURFOSES
ALL DATA SUBJECT TO STANOARD OISCLAIMIN

- QVODLACE, SPOOLIN, STOOLOM, mmmm_
ﬂ-l'ﬂ. “ ﬂ““
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ERODUCT DATA SHEET Om Al Sans P
_ M G Fr 1) ST
The Fallewing ‘nfereation sap vasd 00 Fodquest thip fex:
FAX NUMBER 1 .AREA; BeD WUNBER: 23838D¢ COUNTRY:
FAX TO [(COMPANY) - TI
FAX FOR [(RAM) * ALAN ARORE
CTELEFHDNE) i MREA; MLUNTER ; COUNTRY :
SENDER ID: PFEER1IAN NAME; xoCW, ROBERT ' TEL:
CONTENTS: &E0ARO
HOULD NOT JUGGEST FON. UNDERMOOD APPLICATION.... o
RN, i
—mmuhu-.r
_—_——I_——_ﬂ__-_—-——-—
ﬂ"m“ﬂ-'-ﬁ E
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Hepn: Mtulot, b0h D196
rrprtiyay per vy

BRoDUCT DATA SHEET

5
i

YALOX: 4ZOSHD MMORE - COMMERGIAL
AVAILABILITY: Bureps, USA USA  : COMMERGIAL

10X GR, ULPAY-S/5¥ ravad. Nussreus sppliamtionm; wdge trimsars, foad nizes
suter STOTAr Sl Smdputater, witling fen, vernumters, bebbins, swisshes ats

. INJEGTION MOLDINA

our ' IIII‘I: :ﬁ'“'“
Orying . L g Lol ] B
Deytng Ties Connie) - s4
Orying Ties (medinuml h 11
Haiatisrd Gontent, mea L] 1.0
Heisturs Cantent, aln L - .
Mol Tamparsiurs dag F =Ry
Nearle dug * ie-5y
Frant dag F s
Aiddia deg 'F “ie-ize
Nawr dug ¥ rTa-R1 e
Held Tompareturs dag. ¥ - -1

- baal Presmurs paig : Ee-1ne

. Bupau Bpaed rpu ' n-ga -
Bhat ta Cylinder Sizs  ; LR
Cleup Tannage raha/pat 3+4
Yans. Quprh I nah A1 . 1B

fourss Bris, print dase: PRAOB/Z11. Lest wpdared: PP/OR/R4

THEEE PROPENTY YALUES ARE WOT INTENDED FOR SPECIFICATION FURFOBEY -
ALL QATA JUBJECT TO STANDAND DIBCLAINNR

KA hwl &

HRL Q
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PRODUCT DATA SNEEY o i A s, W8 GO
vALOK: AZ0END - ' . EUROPE: CONMERCEAL
AVAILARILITY: Burepa, USA USA : CONMERCIAL

10K BR, ULWAY-071¥ roted. Wumarasus applisatisna -d‘- triapars, fesd minge
sster stater ond swasutetsr, sasling fen. senneaincs. bebbine, svitshas sta

PROPERTY TYPICAL DATA  UMIT - METHOD
FECHANICAL .
Tenuila Strangth, bresk, Type I. 01H0'  1TIN sl ASTH D 420
Figuural Tirongsh, bruak, 0.8 ETOM0 1] ASTH B 799
Flesursl Hedulus; ¢, 128" 110aeaa pai . ASTM D TR0
Conprennive Jirength | 12000 - pwl - ANTR D 478
Thanr Strengeh Ll pai . ASTH 0 73R
Hardnoss. Raghusil R ' 19 - ASTH D0 78%
THRACT .
Ized Impuet, unnetehed, T3F. . 12.40 fa=Lb/7in  AITN D S8R
Izwd ‘-[mpest, nocshad, TIF 1.5 fa=Lh/in AITR D RN
THERRAL .
HAT; 4d pui, 9.100", ununeealed k1§ - dag W AETN O &4l
HET, 4d pet, .60, wwenneulad ARO dug R ‘AITH D sal
HOT, Té4 pui. 0.130°, unennasksd a7e dag F ASTH D 460
HOT, 344 pai. 4:200°, unennesled L] 1) F. ADTH D A8
ETE. flew, -H4F te 1028 1.4 &4 Infin"F ASTHN @ BW1
CTE. flaw, THOF ta 20OP 1.% K8 infin=F ABTH I 2X1
Therdal Inden, Ulas Prap 138 .. teg B W Tvid
Tharnal Inden, Huah Prap with ispaet 130 dng C W Tl
Tharaal Inden.. Nosh prop witheuwt {spesy 180 dug C I Tvdd
PHYRICAL .
Tpamifie Qravicy, nlli 1.H - AMTA D TR
Spasifte Yelumw : - 7.0 in} L MTIN h ™M
Nater Abmarptisn, 3% hours & TIF L z AMTN D ETH
Natd Bheinh ¢ Tiaw, S9*10% ail 3-¥ infin E-3 ABTH 0 9B
Rald Bhrink ¢+ Flaw, 100900 ail . -8 in/In E-} ASTH D P
Nald Ihrinkega, sflew, &840 wil LR Infin B-1 ARTH O M -
Aeld Shrinkegu, sflew, 1235-100 »il -9 in/in B-] ASTR D 9%
ELECTRICAL . :
" ¥Yoluss Remimiivity *3.404 sha*qn AJTR D ERY
Dimlancria Rirmngeh, in sdr, 106 alle e LI 1R AETH 0 1a¥
Disbewtria Sirmngth, in obk, AR wils [ 3] ] ‘Ymill ASTH D 149

;m:n-?"m-m-:u-‘:“'“""" =
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. PROGUCT DATA SHERT o Py A ol W P00

0 A P £TT SR-ITE
VALOX: wRoSER EUROPN: COMMENCIAL
AVAILARILITY: Hurspa, UEA Ula ! COWMEAGIAL
PROPENTY TYPICAL DATA  umlT NETHOD
Digleneris Conntene, 194 HE .M - ASTH D Y4
Dinlpatein Comnacgne, 1 Mg 3. - AATH 0 190
Dissipazion Fuster, 106 He p.oakt . ASTR O 1m0
Dissipuvion Faater, 1 Min B.HR4D = AITR B 18D
Fi.ANE CHARACTERIITICE
UL Fila Numbar, UEA EtR1Sal . -
¥*% Ratad (fantad whisknamns) B.2Y 1 UL ™
Vi Iql:in., (rented thisknaywl .M imuh UL ™%
CIA [Jau Pila fer aonplaty H!'Iln'l LEDRAAD File N=. BS54 LISTED
ﬁtr.lﬂ Indan ILODI} - 1z ] ASTR § Bus¥

Seurew Oris. print dava: PP/783711. Laet updaned: PRFOR/D8

THESE PROPENTY YALINS AAE MOT INTEWODED PFOR SMECIRICATION PURPOBER
ALL OATA SURJECT TO STANDARD DINGLALWER

YCOLA, CYDDLIA.CYOOLOVS, SILOV, mmmmm FlvDS, Db
m “”lll“
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Ticona Celanex® 4300 Polyester (PBT), 0%
Glass-Fiber

Categary: Polymer

Subeategory: Polysster, TP; Tharmoplastic; Folybutylene Tereplshulste (PBT)

Close Anslegs:

Data provided by Ticons.

Koy Words Ticona Calanex 4300 Polyester (PBT), 30% Glass-Fiber; Polybutylene Terepiithalate;
Corparaton; .
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Danshy, gées (183 {asTMDIS Sspathr
' [winter Ansorpion, % 001 [ASTMDS™ .

| Hardroas, Roctkowsll B 9’ 150 20352 o

|WECHAMICAL PROPERTIES - | VALULS |COMMENTS _

Tenshe Stength, Ukinats, MPs 130 lTwom |Saseibar

Temr—— 3 |[ASTMDGN |

Plesursi doduie, G2 s |mom -
Fiexcural Yiekd Strength, WP’ {208 180 178 ;E&M
 [Wpeot Streagih, lod, e, Jom.of 11 5s | em?; Notehed; 180 190/1A

[THERMAL PROPERTIS vmmlmm.

wmnumm_ 214 15078

Defisation Temperstare st 180000, °C 208 [ISO 7S
'mmmm e menu

T AL OVE S g |EB A0S s UL

ELEGTRICAL FROPERTIES _ VALUES [COMMINTS ,

Tiestrioal Resiwtviy, Chws-om 1E+16  [Lowsr Limit; ASTM D287 w

Disleciric Covstent, Low Frequency |18 jnos Hix |

Distestric Strongth, Kvimen 2 |32 mm; 5% RE; ASTM D149 | Sesatha
| Dlasipation Fasmor, Low Frequency  jR0R2  [100Ex
|¢mmmv ™ ASTM DO638 -
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Ticona Celanex@ 3310 Polyester (PBT), 30%

Glass-Fiber
Category: Pobymer .
Subcategory: Polypster, TF; Thermoplastic; Polybutylene Terepiithslats (PBT) . -
Closs Analogn: ' :
Data provided by Ticonn .
Wandy TiunCﬂm!!lﬂ PAT), 30% Class-Fiber;
Ky : Folyeser (PBT), 30% Gy WW
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Py : Al e comrvemt come SpecndeM ey g t e PR v e e

| PHYSICAL PROPERTIEN I‘I'"ﬁ-‘UES Eéﬁm‘_'ﬁ‘s B
' Donaity, goc 1.66 lram\lmn uaits j
Linear Mol Shriakage, crvem 004 . Fiow Dirtetion | .'
“Water Abworptian, % 007 [ASTM D37 :
Hardnans, Rockwell M 90 S0 2039-2 |
MECHANICAL PROPERTHS VALUKS ; COMMENTS :
Tanatis Strength, Uiimats, MPa {140 :'30517 ﬁ“‘“ |
Elmu;hm 2 | ASTM D638 :
| Seother .
Paursl Moduke, GPa 18.6 150178 wnik |
Flezarul Yieid Strungth, iy 125 150178 mﬁl l
wm.mu-ﬂﬂlﬂ-- .34 Jicm?; Notchad; [S0 180/1A
[THRMAL PROPERTIS | VALUES | COMMENTS
Igﬁmrmnnmm - ;[mﬂ - !
| DoNwation Temperature ot 15 WP, °C | 208 [150 75

sz, 0 |30 mt‘wnu . ;
Wb Barvice Tortporsins. - i
Phﬁ.ll-ﬂmw'“ 5(v-0} | V-0 At08 mm; ULS4
'SLECTRICAL PRCPERTIEN VALUES [COMMENTS '
%.mm,m IX#16  |Lowse Limit; ASTM D287 -
[ ottt Oamstant Low Frommmey [39  |w0me —
Dislactria Strength, Kvimm 19 32 mmy S0% RE; ASTM DI |,
Dissigation Fastar, LowPraquency  [0.006 | 100
| Compassiive Trasking ledex, ¥ 1% [ ASTM D638

Advortine
Maheh
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