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_7T7P'S Long Duration Brake Fiwid Test
300 Hours at Continoous Power
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T7PS 5% NaCl in Water Test
(2) Hoars at Contingous P
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77PS Mexmphis Switch
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TEST OBJECTIVE TEST DESCRIPTION TEST CONCLUSION
AND RESULTS - ' _ '
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Test 6a Results: A 5% NaCl in H;0 solution can corrode swiich electrical
components and cause gn inorease in etectriesl resistance. Repeated injections af
the NaCl in Hy0 solution, with the switch powered, can csuse a switch ignltion.

Tests 7, 8,10 and 13b Regults: Life cycle reliability DOE Diephragm wear

Conclusion:, - L MU f
A switch ignition canouuurundn-thnfdllnwing conditions:
5% NaCl in Hs0 solution i8 injected, ly, into contact cavity of a switch.
14 Volis is applied to the switch. r e
Hexportilﬁp“:l:ddnd E,,'h.,.L fpdirgi~m (O V5L i8S .:;L;
Current is Mﬂﬂnpq oA I—l o
t y e ¢
el & # W‘HA $tom ..'a P..J L/M
# M
ﬂ'hjlﬂﬂﬂl K J ..{p-'\‘.‘" bt ¢ \""5 ”‘ﬂﬂ
Test 6b Objective:-Linderstand the cutrent path
mdmh]uhlupmbkmﬂm
Resulis:

Test 6b Resulta: Multiple attempts st ignition, via injection of & 5% NaCl in Hx0
imo the contact savity of switches, has resulted 1n o repsatabllity rete of
approximately 30%. Plots of hexport current verses time show an incresse in
current umti] the point of ignitlon,

Concloslon:
A repestable method of switch ignition has been established. Based on hexport
current measurements, the curpent path is from switch terminals to hexport body.
‘When & NaCl in Ha0 solution is repeatedly injected into contact cavity of

powered switches, electrolytic conosion andHir-builduprof depotu BelgEm  0F St
mbwm“ﬂurw :

Objective:
Ovenall Objective: Eompm and contrast variables influencing ignition using the
established ignition method.

Test 132 Objective: Compare varicus fluids in the established ignition methed.

TI-NHTSA 014618
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Test 15 Objective: Compare the burn characteristics of various plastics as awitch
base material.

Test |5b Objective: Compere: 1) the probability of switch ignition in the
vertical position verses a 45° orientation and 2) the peobabdlity of switch ignition
as a function of romational angle in the 45° otientation.

Resulin:

Tem 13 Results: A switch filled with 5% NaCl in H;0 resulted in an ignition
when average bexport current exceeded 2.5 Amps. Switches thut wers filled with
tap water and rain water drew leas than 10 mAmps over o (3) hour test and
showed little signy of corrosion. Switches filled with & matrix of new and used
brake fluids, with water and without water, all drew less than 3 mAmps hexport
current draw and showed no signs of corrosion.

Teat 15 Results: Cellancx 4300 ignitod 3 out of S atiempts, Neryl ignited 2 out
S anterap. Zytl igaited Tout of S tiempta, A1t vs=) A RABL IR oo

Test 15b Rewults: Switch ignitions have oocurred in different rotational sngles.

Concluslon: Brake fluld is rsot ionic enough to cause the electrolytic corrosion sad
buildup of deposita peceasary to crests an ignitlon. Anlﬁﬁﬂehﬂuidqbchaf
NaCl in H0 is nscestary 1o create an ignitlon®y Cate. w > S S
m subjectively pécfaris beat In bum tests when compared with Ce |anek 4300,

:.J'Iﬁ""‘ é‘ Switch ignition does ot appear to be senritive to vertical crienmion verses 45°

Aen 15 nrentation nor to rotational angle In the 45° orlentation.
Level §
Objective: - 2y ‘,{: oy

Test 16 Objective: To teet propossd relay circuit.
a

Its: {44) hours in worst case scenary
(18) howrs with impending bum switch” _2*_ DBeAs et moet gy
Max power applied to heating slement. g” Prd. x 55.-1{..-—

Conclusion: Cennot create an ignition in |

’\ Peses 2 hmhed gl o+ Brorgn

II- Qe L i | 4 ritales .'jr'-’:"'un
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Teat 7 Objective: Determine if awitches meet cycle life specification.

Test 15a Objective: Determine if long time switch éxposure to brake fluid can
lead to an Igrition.

Reaulta:

Test 6a Rosults: A 5% NaC] in H20 solution can comrode switch elecirical
components and cause an increase in electrical resistance. Repeased injections of
the NaCl in Hz0 solmtion, with the switch powered, can eause a switch ignition.

Tast fc Results: Brake fluid with meta] shavings does not conduct significant
current. _ '

Test 7 Results: Life cycle testing showed that switches exceeded cycle life

mecifiction. 1~ - 7 A f’wﬂ

-

Test 158 Results: Test [songoing. Results to date show no Increase in F
conductivity of both new and used brake fluid. Afier more than 380 boursof  # &

testing, current draw on ach device iz leas than 20 mAmps, 7/__ I’?;

Conclurion; G 7 _j'
A switch ignition can oocur under the following conditions: o /3
5% NaCt in Hy0 solution ia injected into comtact cavity of a switeh. . ag !
14 Volta is apmlied to the switch, A

Heaxport is grounded. Y
Current i limited ot 15 Amps. _

Brake fluid with metal shavings is not conductive encugh to creats an ignition.
Switches meet engineering oycle life specification.
mmmmhmﬂﬁdMMmmmeﬁaum
switches, After maore then (350) howrs of testing, cumrent draw remaina orders of

magnitude below the levels neoded to create ignition aa simulated in laboratory
expetiments.

Leveld!

Ob]Jective:
Test &b Objective: Understand the ignition process, determine the cumrenl path
and establish a repeatable ignition method.

Ti-NHTSA 014520




Resulty:

Test 6h Results: Multiple attempts at ignition, via injection of « 5% NaCl in Hy0
into the comtect cavity of switches, has resulted in a repaatability mte of
approximately 5096, Plota of hexport current verses Hme show an increass in

" cutrent until the poimt of ignitlon.

Conclusion:

A repestable laboratory method for switch ignition has bayn establisbed, Pased
on hexport curvent messuremenns, the current path is from seritch terminals to
hexpart bedy.

When & NaCl in Hz0 solution Ia repeated]y injeoted imo the contact eavity of
powered awitches, electroivtic corrosion of the ywwitch terminals remults inan
incresse in terminal resistance. When sufficient power is drrwn through the
corroalve resistance, switch slomants heat up snd bagin to glow red hat, A hole
bumns through tha switch base and ignitlon occurs. There is arcing visible
wmmmmmmmmmﬂmm
Ignition.

Level &y
Objective;

_ Ovarall Objective: Compare and contrast variables influencing ignition uying the
mblhhndhbmmiﬂlﬂmmthnd.

Test 13a Objective: Compare various Hluids in the established ignition method. *

Test 15 Objective: Compare the burn charssteristics of various plastics an switch
base matsrial

Test 15b Objective: Compare: 1) the probability of switch igniton in the
vertical position verses a 45° orlentation and 2) the probability of switch igniton
nl_ﬁmutionufmﬂﬁmuln;h in the 45° orientation.

Regults:

Test 13 Results: A switch filied with 5% NaCl in Ha0 reulted in en iguition
when average haxport current exceeded 2.5 Amps. Switches that were filled with
tap water and rain water drow less than 10 mAmpa over & (3} baur test and
showed little signa of corrosion, Swiiches filled with 2 matrix of new and used
brake fluids, with water and without water, all drew legy than 3 mAmps hexport
current draw and showed no signs of corrosion.

4 | TI-NHTSA 014521



Teat 15 Results; Whean 5% NaCl in Hz0 was Injected into switches with different
bege materiats, the following results were obtained: Cellanex 4300 ignited 3 out
of 5 attemptz. Noryl ignited 2 gut of 5 atternpts. Zytel ignited lout of § atrempts.

Test 15b Resules: Switch ignitions have occurred in different rotational angics.
Concinaloe:

Brake fluid is not conductive enough to cause the alectralytlc corrotion and
necessary to create an ignition. Hecauss of ita” significantly higher conductivity,
an ionde rich fluid such as NaCl in H;0 Ls necessary to cause an ignition.
Suﬁmhlsnldnndunnnuppurtnbemmwhmdulwhmﬁnnm:ﬂ‘
arientation hor 1o rotational angle in the 45° orientation.

Level 3
ObJective:

Teat 16 Objective: To test proposod relay clrouit.
Reanlta:

A switch was injectad with 39%aNacl in Hx0 solution and placed in & proposed
current limiting cfrouit for (48) hours. The current draw remaimed conatant at
180 mAmps throughout the test. There was no activity observed and the contect
A witsh was brought to an impending burn condition using the established burn
mathod. An linpending bum is & condition where n comosive resistance has built
up In the awitch and sn ignttion b lmminent, The switch was placed in the

. propased relay circuit for{18) hours where It drew 160 mAmps, showed ne visible
activity and did not result ina burn. Because the proposed rojay circuitacts as o
resistor which limits exrrent to tha switch, the maxinmim power to the switch fs
limitad to .75 Watts. A resistive wire was wrapped around the basa of the switch

- and 0.78 Watta of power was dumped into the wire. The wire became warn to
the touch but had no effect on the Fwitch

Conclusion:

0.75 Watts, the maximum power in the proposed circuit design, ia not enougk
power {o cause elsctroiytic corrosjon or significant switch terminal heating, which
i= necesanry for ignition. In previous tests, using & resistor ad the hesting
slament, approximataly 5 Watts of power WaS nacsssary to treate and ignition.
There is not enough power in the propoasd cltcuit to create ignition.

TI-NHTSA 914529



Moveble
Termina

FORD NEXT GENERATION SPEED CONTROL

PROCESS FLOW CHART 77PSL2-1/2:3
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77PS Proposed Wiring Schematic
14 VoltsDC
Fard relay o
P/N POAB-14B192-AA
(~700 Resintor) -
Extire Swikth ut Ground Poswntial
.~ When Closed. Only Stationary |
Terminal A1 Higher Potential Whes
Open.
Fonl Comnector
Moveble Ann iz Always =
nt Groanad Potendial
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| PROCESS FLOW
KAPTON 300HN, 500FN131

Monomers
Solvent

Chemical | Gatalvsts
aron lysts

: Polymer
solution

Kapton
caating

ﬁﬂéHN '—+L!"m“nn, FFTOUGED

BOOFN131

Rewind
Inspaction

|

’“‘“iﬂ *

Packing

00HN

% At this point, samples of sach mill roll are sent to the nc lab for testing

and verification of conformance to speciications.
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Ford - Electronic Speed Coatrul Deactivation Pressure Switch

———— e

@ TeEXAS
INSTRUMENTS T1 P/N T7PSL Series
Environmend
acturd
i —
. Ann s lex
Mipluced Kaplos Ower
Missing Kapbon -Ower Tesmperaiure
E Bunt.ll Componcdes
o itation Bewem o Elipr-Clptiical Fxpoure c om0
Kapon Luyers Chomicl Wals't Y .
E Specificalive
— Iuncruned Kapten Gasket
Leak Dinphrapw
Wear Omt
ABS Fead Puck
{Exeessive Cycles)
. Wishes Conwerier
Wintor andf or comlaotimas It face
* rests on Lapton seal
e TRploragends ) Thickmex/
Frop Valve inicraction Quantity
et cal {Presmsy Spike/ Cycles)
Reacton Incomgmtible Mutcrinks
= binder Specilied
F 3 Application
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W Texas Ford - Electronie Speed Control Deactivation Pressurc Switeh

INSTRUMENTS ¥l PN 77PSL. Series
Process Controls
ralion Fanslt ‘Process Conirol Condrol Method
Haxporl Feed Fails io Load 100% Chack with LVOT Set-Up block
Wrong/ixed Hesgpont
Gaskat Fads o Laad - 100% redocihe sensor check  Sel-Up Masters
Misplaced . SPC P-Charl
Kapton #1 & #2 Fails t0 Loed 100% Conlirnity Chack SPC P-Chart
One seal only
impropedy col seal
Kopion #3 Fadls to Load "100% Continulty Check "SPC P-Chait
(N Necessary) impropedy cut seal
Washer Fais to Load " 100% Presence Chack "100% Pressure Test
Upside down - Ovientation control on feed bowl
Conester Fal toinad onto washer  100% Prasonce Check 100% Prossure Test
Spacer Fails to Loa "100% presence chack with  'SPC P-Chert
- -continuily probe
Disc Fails to Lond "100% Height probe "Operatar set-up
Uipside tiown ' 100°% Fressure Test
' Two Discs . '
Cup Feed Fails to Load Height Probe "Operaior scl-up
Pre-Camp Trapped Disc Low Pint Probe SPC P-Chart
45 & 90 degree cimp _ Fails to Crimp Stroke made sensors SPC XBar & R
ImpeopeY CIMp Poka-Yoke .
Oner Prassurg Drifl over e . MinkYWan precsure gaune Conivolled by PLC
Calilvation
Llrinadg_p:njdeices Fﬂsmmwm&rﬂynﬁtim Controfled by PLC
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Furd - Electronic Speed Cositral Denctivation Pressure Swilch

INSTRUMENTS TL P/N 77PSL Series
Process Contioly
Operation Fault Process Confrol Condrol Method
Assembla sensor & Machine emor 100% height chack Conbrolled by PLC
crimp ring in nest Out of sound sensor
Assemble Emironmental  Missing seal 100% height check . Controlled by PLC
seal & check Misplaced seol
Mullipls seals .
Assemble Pin Croap 100% Check with LVDT SPC P-Chart
Assemble Base Assembly Wiong base assambly.  100%, part presance 'SPC P-Chart
: No base : 100% Pressure Teat
Crimp Final Device Wrong Crimp Haight Crimp prassures 'SPC XBar & R
: Wiong Crimp Diameter Cyfinder adjustments Poka-Yoke
Tomue SPC P-Chant
Function Test Actuation Faiure rActuation Masters SPCXBar & R
Releasa Falluro Ramp Masters SPCXBar & R
Difwential Falluse
Actuation Creep Custome Pressums Taster Vax Systemn
Release Creep Program
Coarse Leak
Millwolt Drop
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TI P/N 7TPSL Series

ime: P2V 9F924

Ford - Electromic Speed Conirol Denctivation mﬂ Swilch
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R Texas Ford - Electronic Speed Control Deactivation Pressare Switch @
- INSTRUMENTS | TIP/NTIPSL Series .

- -p . -
¢1:' -?'}_"‘,‘

& o
B &

Crimp Height (0.0H")
e P
SEBEs
= 8




FearL0 YELHNLL

§661

m 9661 "W{HIE'0 O 0§20 WL JAANLVIP Ay PATtAIAU]
£ . , :
.m J Wy
v 651
m ~ "WIBNE 100 L I(n 01 [OLINIEW [00) pA¥umY )
~ LG "WOST'1 Moy DB 0 sjoN Jo qidop paiuwy )
..m £661
... .m — »e0ad dwip) oyny s J0) YE[ RWqDS [E
m & "WeSi/T6/Sd Modes 11 11 (@Y
ml = ST YPSA6-OAL Nid PHod) *smacord dmps pajemany
m | o) (534 YOO§) 12 ], amudia) sowewg 1)
To61 | (AE-FT6d6rIALS
& N/d p1oj) "medoxd Juapd poawy o 0f [Raoadde
m m WAL fup pg pHORID ‘CS1IFTETY ¥ MHY Whie Piog
w. v N Ty waea0ad dmpy
X .u 1661 FURESTY i (S84 H90%) v, swyudoy ssmg 1]
g VAN — "6F/16/5d Modsd 11 1. (@Y
= . — TAIE-DATE N/d PAoD) dmD Ay 01 pRnqUNs
= 1¥6  amuwjooy (saiadd MO0E) ea), sendmy 64 1),
" 0661
k | |
- 886l “8|BUR g+ ¥ 0) (Y DOL'D) SnIPRA
M $T01 peuyap B Wok (00t dwped JO o} pruyepsy
561
mm
= N/d (PR E YE1-166 ¥ Luq Sarsqa 9 jou
hv F861 M 0996 DU 1S |00] 1 iuopdhpos] 4 dwH)




T1 P/N TTPSL Series

Ford - Electronic Speed Coatrel Deactivation Prexsure Switch
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Ford - Eleetronic Speed Coatrol Deactivation Pressure Switeh
- T1 P/N T7PSL Series

Baxe Axiembly
M 1o Prescnce & Orcicatation Check
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13
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AMI Sensors & Checks
Hupnﬂ Check

Lvmhtmhﬁepthnmlnwuﬁhhnd-mmm:rthnnmnhnpmnhmumd
The part ¥ and corraspending bexport are bar coded inta the PLE,
T fluid path Bole of sach Bexpar has & vnique depth,

- ‘The limity for £ach hexpart ure progremmed into the BLC.

= The AMI stops oa (1) fault,

= Aaster st up block in used to “0™ out the LVDT.

Caskat Checlr

4 refiective amsces check w se if there s w gaskeet end that it is in place.

Nome of the 4 ia allowsd to mecwivs 1 seflecton o the oot is called bad.

The shift register in set bad oo one feult, the AN stops on two faulis.
Mmimmnnmhnﬂnﬂwmmmmmnmﬁm

Under SPC congrol wsing a P-Chany.

m-mumau

4 pogo pina are used 1o make 5 contiouity chuck ow the et The 4 pins oot 1ouch Be 4 cornen of
the kapton (twn cornatt of sich place) %o eru thl two piecos are preseot.

If one of the pogo pina gons o ground e pest i called bad

Toe shift register is 3ot bad oa one fault and the AMI stops on two Bt

Theere iv & set-up block wo setpate the pls are in the cocmect position.

Under SPC contral using o B-Chart

nmcmn
lwplumundmmhlmm The 7 pins st touch See ™o corners of the third

pinte of Kiptoa to snmrs the third plecs haa baen placed in tar nest.

« 1f oom of ty pogo it gous to groand the oest s caled bad.

= The shift reginter i1 det bad ca one feult snd the AMI stope on two fylin,
Thmhlmbhcknmhpiumuhmm
Und-ﬂ!ﬂmunluh;ﬂ-m

Washar/'\Convartar

« T washet snd convera 29 ¢hiind for part pressnce. using 1 beight probe seosor utilizing rwe
micro switches., The betght probe fixeure comes down. into tha et and i the micro yerixches are oot
broken the PLC indicatey the parey ace present. [F the ticro swisches are broken the PLC asrunws

thers are oo componamts and calls the nost bad.

Spacer Chaak

- This amatian congiat af thrae pogo ping, twd continuity pihs. a8d & hold down pin. The continury pins
come down and maks contact with the spacer and if they da oot g0 t© ground the part 1s considered
Jood.  Tf dece jn & ground the par i considered bad
“huhlﬁrquuti:mbadmomhultmdth:&kﬂlmlmmmuu

[ + L

t Load Cheek
"y check 5 done with a LYDT. [t checking to puke sure tlutﬂurl is 0ol marg than one dise, ang

e dise 35 mot upside down.

Cup Lovd Check
The cup is checiend for part presence usng 2 micre switch. Tha height check ﬂmlre SOITEs oW LRI

ﬂ::maud:fﬂummmmhumhmhnh?ﬁhhﬂumlumppmmt LEthe mucro

vwitch is broken the PLC belicves ot in po Sup.
ﬁtﬂuﬁmumumhdmmﬁulldeMrmlmmﬁulu

Low Mo Cheek
The low pin cheek uses & LVDT to enumre the dics has not moved oot of the convarter and become

TI-NHTSA 01483y
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BAM Controls

Buse Pressnes
»  Lisca n thyough bearn to engure a base has placed in the aest.

Swatiowary termioal presence and poaltion

= Twa micro switches are used to ensure there is 2 erminal peasent and it in che peoper position.

- This station is alac used to seat the terminal in the base cavity. [fehe tenminal is not in place
o7 m the wrong position the arm will Gavel toa far and break the micro swirches.

Moveabls termninal presanse and position

= Two micro switches arg uasd to sagure e is + fermioal presamt and Lt is the proper ponition.,
This station is also used to seut the termyinal in the bass cavity. [f e teeminal in pat in plaze
ar o the wroag pasidon the arm will taved too far and brask the micre rvaches

Chack for contect
= A reflective semsor is used 0o ensure & contast [s in place.

Part Presages -
. Awhmmuundwnmﬁmulhumhmbeﬁmmauwh

erimp sation,

Calibrats Base
- This stetion sety the distence hetwaen the contast on the movedabls km snd tise satiopary
comiet, Thin dintancs is predetermined and prograraved intry the PLC.

Chetk Station
= Chaeld to ansue v calibeater calibeated the base b0 i propir dimanaion. Messuring the
distance untll the contacts meat and coatisuity Lt mads doss thds.

O-Load/Good Law
- When rumning splif lots the bases om the low end of ths specification are off loaded st this
siating,

Off-Load/Cand High

- mmmmmmﬂummurﬂummunhmuum
sutos,

- ¥When running normal Lot all bases are off loaded at this station or they are allowd to go

. directly ata F.AM,

Rywark
Any base that unnt:ahbrnud to the ~omrect dimension and lﬂrnuﬁed as sa by the check

station 11 off leaded at thus stabeo.

L heek Emipty Nent
Laen p haight probe and a mucro switch D saiure th 0ot B been unloaded before loadng

another base ioto the Turat.




FAM Controis

X} Crimp Ring Presenee
. ﬁhllght:b::kmbﬂlu:ndﬁmlu:timhuhunludld The height check fbabure is
amached to 2 micro ywitch and when the helght check fixoare comes down if the part y present
the micre iwitch will not break contact. If it 11 not present it will peeak comtact and wend a
sigmal w the PLC 1o stop the maching.

4] Sensor Presence
A beight check probe i used to ingere 3 parl bax bean losded. Tha height check fixture is
arached to & oulcra swikch and whea the belght check fxnum comes dowe if e par is precen:
-the micon switch will not brenk contact. Euummnwﬂhﬁmtmﬂ.mh
sigtl w3 the PLC w stop the mmchine.

# Envirsunwntal Ssal Presence
- A height check proba is used to inwure & part hes bees loaded, Tise beight chark fixture is
attached ta & micrs rwisch snd when f haight check Axture comen down Ifthe part is presemt
the icro ywitch will no¢ break ocnact. Hkummu*ﬂlhﬂ:mmma
sigmal to the PLC to stop the machine,

1) Pl Chetk
- ‘Thia mation uses 3 LVDT o mexsurs thw beight of the pin. The upper snd lower limits of the
pin size are loaded inso the PLC and the mychine stops i the mwarurement fally cut of tese

Limnits,

14 Baso Presence
} » A height check probe is used to insurs 8 paut has been loaded. The beight cheek fixture i
sttached to & micro switeh and whan tha belght obeck fixwmure comes down if the par in presen
tha micro rwiteh will not break contact. If it is not presant it will Bresk comvact and send &
sigaal to the PLC & sop the meckise

20)  Ermpty Nest Chick
« A belght chack proba comes down to check and make supe the nast is smpty before londing

atother crimp ring into thy nest.

TI-NHTSA 014839
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b Texas kord - Electronie Speed Comtrol Deactivation Pressure Switch

INSTRUMENTS T1 P/N T7PSL Serics
[ mentati
1"roecss hpoer
# 582916

\_/‘l Aul-n-{-r_cn-r

From Scowwr

{rimp Dinmeter

el

CA {Uarreclive Actlon)
Spec # 503162

Crisp Iicight

Crimp Logic / § Eventi

.= Alltooling home

Part presence sense

Send cylinder down uatil down stroke sensor is activated
=  Hold cylinder down

«  Send cylinder home

»  Repealcycle
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D Texas Ford - Electronic Spoed Coutrel Deactivation Pressare Switch
INSTRUMENTS : T1 P/N T7IPSL Series

. v .

Irarld VELHN-LL




EVRFL0 VELHN-L

. @TEJHS Ford - Electromic Speed Comtrol Deaciivation Pressure Switch . @

INSTRUMENTS T1 P/N 77PSL Scries
Fyuipient Munufacturer -Black & Webster Black & Webster
Luad Methnnd | | Auto Maanal
Contrul Unit 5T PLC . ABPLC
- Unmp {Oylindkers - American Cylindes Amcrican Cylinder
Pressre Mediwn ‘ Air Air
Sensors (Up £ Dawn) Canfield Scasors Csnficld Sensors
Crimp Toul PN
- 450 140421-2 1404212
- oge 140422-2 140422-2
Pracess Controls Used: Up & Down etroka sansors Up & Down stroke sensors
PLC coninol PLC control
Owver-Pressure Yerification Over-Pressure Verification
Crimp Diamater Crimp Diameter




EVEPL0 VELHN-L

'Q TEXAS
Il_nlsmqums

- Eurd - Fleetranic Speed Control Deactivation Pressure Switch
T1 P/N T7PSL Series
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45° Station

o Station
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Q TEXAS

INSTRUMENTS

Ford - Electronic Speed Control Deactivation Pressure Switch
T1 P/N T7PSL Series
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Low Cost
Automotive Pressure Switches

Ti"s pressure switches provide low cost, on/olf
conirols for many sslowmotive systems. The
snap action disc reacts to chasging pressure by
reversing its curvaters s activating electrical
switch contacts.

Festares Inciude

* Designed for underbood exvironment

« Designed for line or pemp mownt applications Dipical Applications

» Lowweight : ' + AXC sysioms

« Custom packaging for specific application needs * Power Steering Systems
« Automotive temperaiure range of -30 to 125°C * Cruise Control Systems
+ ‘Normally open wsd normally closed contact logle - * Brake Systems

« Industry proven since 1984 * Transmissions
75 Jum 9% BID 0937 HPSdeshyuppt * Swspension
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" Premare Switch COE

Q TEXAS Hydraulic Pressure Switches

INSTRUMENTS Design Capability Summary

TI's presmare switches provide low cost, on/off
controls for mmry sulomotive systems. The
awmd:umﬂ:mdlmmmby
reversing ils curvatore and activating electrical
switch contacts.

Key Festures Incinde:

Automotive Pressure Switches

Low Cost

Designed for underhood ewvironment
Designed for line or pump mount applications
Custom packaging for specific.application sceds
Automotive temperature ranpe: of -30 1o 125°C
Narmally open and narmally closed comtact logic
Industry proven since 1984 .

6-Mpy-M SBP 85000435 HPSdeslgn ppl
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Proprictary Information: Attorney-Client Privilege Involed

| (et 7 \ r{,&rﬂfﬁ
, 77PS Life Cycle DOE Test M A At

to Leakage
Yo Tp:hﬁ'\\pl"

The purpose of this life cycle test was to quantify the life expectancy of 77PSL2-1 (snap
diac) and 77PBLA4-1 (quict disc) hydraulic pressure switches. (12) 77PSL2-1 and (12)
T7PSLA-1 switches were presgure cycled to leaknge with pure brake fluid. (12) T77PSL2-
1 mnd (12) 77PSL4-1 switches were pressure cycled 1o leskage with brake fluld combinad
with 5% wuter. Upon leakuge, the suspect rwitches were removed and the mpmber of
cycles recorded. Weibull Analyses were then performad on the data.

Due to results obtained in this test, an investigation wes conducted to determine why (1)
group of switches failed bafors the (3) other groups. The resulta of the investigation are
also presented In this report. .

PFrocodure

(48) 77PS switches were used as a tent sample. There were (4) groups of switches as
outlined at the bottom of Tuble I, below, (2) awitches from each group were loadad
through chatch resemblies provided by Ford. All switches were placed in sn oven where
atemperature of 135°C was maintained. The awitches were cycled fram 2 pai to 1450 pai
at & frequency of 2 Hz, ‘'When s leaky switch was detocted, the test was mspended and
the switches were allowed to cool to ambient temperwture. Leaky switchea were removed
and the number of cycles noted. Thsmumn:mhnhumbmu.hthckmml!i‘f:

and Table *daf Febim fbﬁlﬁh’
Cyclan to leakage . ('L
Swmple 4 Uroup | Group 2 Ciroup 3 Group 4
(K cycles} log) | (K eyleas) &

1 ] 1175 1197 58
p 8 1181 1197 322
3 ] 1152 19z 338
4 8 1192 3 35
5 S 1187 8 M8
6 § Pt S e
7 5 5 : 5 380*
g 5 s 5 38y
o ] 8 -] 380
10 8 8 5 347
11 5 8 [ 387°
12 s 8 g 3877

Groap 3: 7T7PSL3-1 (app dise)  w/ 3% water In braks flakd.

Groap 4

[Crosn §, T7PAL4 (a0 soap gl / 6% waa i ke i
5 samphe did not hmk. Y

*irdicates switch was Loaded tirough Ford clitch musembly.

Lz
8

: TI-NHTSA 014548




Propricory Informmtion:  Atteroey-LHam Privilege Involosd

Data

Summaery: Temparature; 135%C
Pressure (low): . 2 pai
Prossure ¢high): 1450 pal _
Frequency: Jeakagt

Takle 1, abownhuwﬂhcmbuafcwlutnﬁﬁé:rmhm 'Ih:tubl:il
hmnphﬁautnﬂmmm

Weibull apglveis: Wﬁhuﬂaulmmpu&umdmﬂudﬂuhﬂimdﬁnmommz
and 4, The results are shown an Figures 1 and 2, reepectively.
Fumhntnfdntamtnudhﬂun“’dhuﬂﬁnﬂyﬂmheutnfmmu,ﬂ?dkz
- determined. Values for the data uped in this test may be seem in Figure:$. 1 94

a is the Cheracteristic Life which determines the sproad of the distriwrtion. Tha higher
the number, the greater the spread.
ﬂuhMFdemmmofhammmm

R? iu the Coefficient of Deteemination

Loak mmalysis: As seen in Table 1, (10) leaks occurred in Group 4 well befors any leaks
oczurred in the (3) other groups. An investigation was condusted to explain this
unexpectsd result. I is suspected that premature leaks in Group 4 may be attributad to
excesive strasses on the dlaphregnw of Group 4. Excess atress may bo caused by height
differennes botween the converter and spacer (see Figure 3, below). Measurements were
mede to compare the converter to spacer helght differential of 77PSL2-1 switches to

those of 77PSLA-1 switches. Vs
Figure 3. Corvmye Spler pp




Proprietacy [sfermatdon: Attorney-Cliemt Priviluge lnvokad

Converter to spacer height measurement Procadure;

The following samplos were do-crimped and collected for messurement:

(1) 77PSL2-1 switches from the production line

{3) 77PSLA-1 gwitches from the production line

(4) 77PSLA-1 switches that leaked from Group 4 of the cycle test in this report,

The converter and spacer of each sample wes removed. Each spacer was placed on its
respoctive converter and placed on a level surface. A small prossure wes applied to the
spacer 10 keep it in good contact with the converter. A dial indicwtor was used 1o measure
the height of the converter relative to the level yurface. (See "H™ in Figure 3 above). (8)
messuramenty were made of the helght of the spaser on the convertar at the locations
shown in Figure 3. Because test repentability waa s concern; cach spacer/converter
combinatlon was measured (3) times. The spacer mnd canverter were separated. and
randomiy put back together between messurements. Raw dats and further discusaion are

presented in Appendix A. Tha results are presented in Tabla 2, below.
Table 2.

Egmmis 4
2.1 FROM THE LINE
Nampie

. Sempled [ _0.0028
Dol Is the dinmnoe the converter protrudss abgve the spacar (ses Figus 3, atove)
(Delin = Converter baight — the wrerage of all spacer heights mearured for thet sample).
Standard Devistion |n the standecd devistion of all spacor beights meawred for that semple.

gtandard |
Daviation
58000
60018 | 0.0008 |
— it
0.0007 |
10.0008 |
_0.0008 |

Conclusion

All 77PSL2-1 switches tested, (24), completed over 1,000,000 cycles without a leak
when cycled with either pure brake fluid or with & breke fluid/ 5% water mix.

All 77PSLA4-1 switches testsd with pure brake fluid, completed over 1,000,000 cycles
without & leak.

(10) 77PSL4-1 switches leaked before 400,000 cycles when tested with a brake fluid/ 5%
water mix. It is suspected that these switches may bave a less than optignum converter 1o

3 TI-NHTSA 014350




Propeistary Information: Attorney-Cliant Priviiege Involoed

specer height thet puts en exoossive atrain on the diaphragm. Measurements have been
made that tend to sepport thia theory. Analysis of these switches and 77PSL2.1 mwitches
(see Table 2 above) has shown that the converter on 77PSL2-1 switches protrades above
the spacer roughly 1/1000 t01.5/1000 of an inch mare than on 77PSLA-1 switches. This
difference may be enough to cause premature leaks. There secms to be no aignificant
difference between 77PSL4-1 switches that heve been life tested and ihose that are pulled
There is & rather high standard devistion for messurements made on the converters and
spacers. This may be attributed to variations in spaoer and converter thickness® as well s
measurement error. However, there is enough evidence to warnimt further investigation.

Report Authored by Sen Mulligan

4 _ TI-NHTSA 014581
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2 and 3 parameter WEIBULL FAILURE ANALYSIS
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2 and 3 parameter WEIBULL FAILURE ANALYSIS
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2 and 3 parameter WEIBULL FAILURE ANALYSIS
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Froprisary Informasion: Atomay-Client Privilege Imvoked

Appeadix A
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Propriviary Information:  Attormey-CHeot Privilege Invaloud

Leak snalbyals: Thnfollnwingiun:xplmﬁnnufnmmﬁummmm
spacery heights of 77PS switches. (Refer to (4) spreadsheet pages inchoded).

Explspation of Daia pages. The first (2) pages of the spreadsheet that follows are the
data pages.

Colarn 1: “switeh #" is the name of the switch that was mnalyzed. ( rumber zefars to
pumber of oycles in thousands i.e, 322 = switch that leaksd at 322,00 cycles)

Column 2;: “H" is the converter height messurement.

Columns 3~ 10: are the locations whers measurements wers made on the spacer.

Aa you read dowa each column, the (3) scts of mesmuremenis made on sach devic is
presented fallowed by s average for the three messurements and the standard deviation
(“stdav.").

Explaastion of Anglvsis pages. The lust (2) pages of the sproadaheet thet follows are the
analysis pages.

Colwmn 1: “AVE IN" is the average of the (4) inner measurements made on the spacer
(locationn 1, 3, 5, and 7).

Colomn 2: “stdev" i3 the standard davigtion for the (4) jnner measurements.

Column 3: “ﬁVEDUT“isthulmpofthu'H}Mmmmidamtham
{Ilocations 2, 4, 6, and 8).

Column 4: “stdev™ ix the standard deviation for the (4) outer measurements ,
Column §: “AVE TOT." ia the average of all (3) measurements made on the spacer.
Column 6: “stdev” is the standard devistion for the (8) measurements made on the spacer.

Colume 7: “Delta” is the converter height, H, minua the average height of all
meagurements made on the apacer, shown in bold in the “AVE TOT" column,

Column 8: “stdev.” ia the mandard deviation of the “Delta” column,
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Proprisisry [nfisrcation: Attemnsy-Cllant Privilige Envoloed

77P$ Life Cycle DOE Test
to Leakage

Abatract

The purpose of this life cycle set wia to quantify the life expectancy of 77PSL2-1 (map
disc) and TTPELA-1 (quiet disc) hydmmulic prosme wwitches, (12) 77PSL2-) and (12)
T7PSLA-1 awikchas wore proteurs cycled i leakage with pure bmks fluid, {12) 77PSL2-
1 and (12) TTPELA-1 switohes were prepsure cycled to leakage with bake fliid combined
with 5% water, Upon leakage, the suspect switches ware removed and the number of
cycles recorded. 'Weibull Analyses were then performed on the data .

Due to retults obtained in this test, an investigation was conducted to detormine why (1)
groug of wwitches fkiled before the (3) other grovps. The rosults of the ivestigation are
also presented i this report.

Precodure

(48) 77PS swinches were used as o text sample. There were (4) groups of switches as
guilined ut the bottom of Tahle 1, below. (2) switches from each group werg loaded
through clutch assommblies provided by Ford, All wwitches were placed fn an oven whers
a temparstura of 135°C waa maintained, The switches were cycled from 2 psi to 1450 psi
at o frequoncoy of 2 Hz. ‘When a laaky switch was detactad, the test was suspended and
the switches ware allowed to cool to amblent temperature, Leaky switches were removed
and the pumber of cyclep noted. The remsining rvitches were trought back up o 135°C
and touting resumad.

‘Table 1
- T B = R E e e BT
1 m_w}_g - i [ s
2 S 1703 57
3 8 1192 1157
r [ 21 8
: S 167 & %
] ] 1235 5 ars
7 5 8 8 320"
] £ B g 80"
] E E_ 3 30
10 5 g 5 g
11 5 g 3
12 s 5 5 3577

- T-NHTSA 014864




Proprisory laformation: Atomuy-Client Priviiage Drvolkad

Data -
© Summary: Temperature: 135*C
_ Prezsnuwe (low): - 2 pui
Presmure (high): 1430 pai
_ Fraquency: 2He
Tabie 1, above shews the number of cycles to falture for exch group. Thnlblr.ll
incomplete a8 tests are cngoing.
Romults -

. Waikill soalvain: Wﬁhﬂmlmmmﬁnﬂdmhdmm frondy Groaps 2

and 4. The rewults are shown on Figures 1 and 2, respectively.
For sach set of dmts extared into s Welbull Analysls, the set of parsmaters o, B and R? are
deesrmined. Valoes for the dats used in this test may be seen in Figore 2.

* 15 the Characteriatio Life which detormines the sprond of the distribution, The higher

the mumbex, the groater the spread.
ﬂuﬂumamenhmﬂum of the disribution curve.
Determination.

R? in the Coufficient of

Lask stalveis: A» sean in Table 1, {10} leaks ocourred in Group 4 well before any Isaks
oocurred in tha (3) other groups. An investigation was conduated to this .-
unexpoctsd result. It s muspootod that premature loaks in (roop 4 may be stiributed to
oxocssive scessas on the disphragey of Group 4. Excess stress may be cansed by helght
differences between the comverter and spacer (see Figure 3, below). Measuremeats were
made to compare the comvertee t0 spacer belght diffececitind of TIFSL2-1 switches to
thoss of 7708141 switches.

Figure 3.
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Progristary Information: Attornsp-Cllomt Privilage Involosd

Converter to spacer height measurement Procedurs:

The following samples wers da-crimped and collected for messurement:

(3) TTPSL2-1 switches from the production line

(3} T7PSLA-1 swiiches from Gus production line

{4) 77PSLA~1 switches that leaked frtm Group 4 of the cycl tett in this report.

| The converter and pacer of each sample was temovad. Esch spacer was placed on its

. _ raspeciive convirtor knd placed oh & beval surface. A ymall pressues was applied to the
. N spacer to keep it in good contect with the converter, A dial indioatsr wag daed to medsare
| the height of the corverter relative to the level surface. (Ses “H™ 1n Figure 3 sbove). (8)
i meamwements were thads of the haight of the spacer on the convartar st the locations
sbown {n Figure 3. Becauss temt repeatability was a canoamn, sech mpacer/oonverter
combination was metsurd (3) times. The spacer and comventer were gaparsisd and
randomly put back togother betweet mesnoeraants. Raw data and further discussion are:
prasoried in Appendix A. The resulin are peesonted in Table 2, below.

Table 2.

TRELA LEANY SYNTTC

mum&mhm:-mu_ﬁ-mum{mm Iﬂuﬂ]
mmuf v n? mtrhtl-uh:.

-Conclusioa

| | All 77PSL2-1 awitahes tossd, (24), completad ovec 1,000,000 eyslen without a leak
i when cyeled with either pure braks fiuid or with & brake Sl S% watse mis.

All TIPBLA-1 mvitehes toatad wihth pure braks fluid, completed over 1,000,080 cyclen
without m beale.

{109 7TPSLA-1 switches lonked before 400,000 cyolss when tagted with a brake fuld/ 3%
water mbx. [t 1y suspected thet thess switches may have 4 leas than opthnum converter to

.
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Froprieticy Informmtlon: Atomay-Client Privilegs

spacer huelght that puts an exceasfve straln on the disphragm. Meamwements have besn
piade that tead to this theory. of thesa switches snd 77PSL2-1 switches
{(sec Table 2 wbove) b shown that the on 77B§L2-] switches protrudes above
the spacer roughly 171000 to]. 51000 of an inch more than on 77P5LA4-1 ywitches, This
differoace omy be enough o cause pramature| jsaks. There seaos to be no vigniflcant :
differsace batween 77PSL4A-1 switches that been life testad and thoss that ave pulbed

from the production Hne,
Thare is a rathar high standard devistion for tmds oo the converters and
apacacs. This may be atiributed fo vimistions n 4pater dnd comverter thicknoss” az well aa
measuremsnt exror. However, there i teldencs to wamant further investig nilon,
o Mﬁlﬁuﬂhlﬂnm ..
4 TI-NHTBA 014587
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L Propristary Infanmetion: me@

Figure 1.

‘ ‘2 and 3 paramater Il"’l"EIdULL FAILURE ANALYSIS
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Propeiaeary Information: Aworsey-Cliset Privilegs Invoked

" Leak wnalysls: Thﬂhm;hmnﬂnﬁ;uormﬂmmﬂmm

mmufmm. {Rafar to (4) spreadibest pages included).

Explaation of Detapages. The first (2) paged of the spreadshest that follows are the
duts pages.

Column 1: “switch #° is the name of the »
aumber of cvoles fn thotteands 1. 32 =

el that wat amalyzed. (o sumber refers to
oh that Leaked st 322,00 cycles) _

Column 2: “H" in the coavetter helght meacurmeon
Columns 3 = 10: are the loaxtiony whees
As you read down pach cohumn, the (3) sets offmean
presented followed by an average for the three measty
(“stdev.”™).

Explaation of Analvsis pagas. The lest (2)
analyals pagas. .

ments mada on each device is

meats and the standard deviation
ves of the spreadahoet that foliows re the
Colums 1: “AVE IN ia the average of the (4)[Inner msrements made on tha spacer
{locations 1, 3, 5. end 7).
Coluran 2: “sidev™ in the standard doviation fof the (4) inner messurements.

Column 3; “AVE OUT" 1s the average of the (4) outer mesyurements mucie oo the specer
{locetions 2, 4, 6, and 8). . '

Column 4: “sdev" is the standerd davintlon fou the (4) outer msaswremems .
Column 5: “AVE TOT.” is the avesage of sll (5} moasaraments msds on the spaser.
Column &: “atdev* is the standard deviation for| the (§) messurements made o0 the spacer.

Column 7: “Delta” ix tha converter height, H, the svecage height of all
messurements mads on the specer, shown |n in the "AVE TOT" column.

Column B: “stdav.™ in the starxdard devistion of tw “Dehta” column

TI-NHTSA 014571
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Propristary Infocnation: Atterney-Clisnt Privileg: Involed

: 77PS Life Cycle Test
to Leakage

Alntraci

The purpose of this life cycle test was to quantify the life sxpectancy of 77PS hydraulic
preasure pwiches, A sample of switches was cyclod under specified conditions untl]
leaknge oocurred. Upon leaknge, the suspect switch waa removed and the nombes of
cycles recorded. ‘Welbull Failure Analywes were then performed on the dma

Procedurs

(36) 77ER switchas were uxed az a test sample. The switches were placed in an oven
where & temperature of 135°C was maintzined. The switches were cycled Bom & paito
1500 pel »t o frequency of 2 Hz. When a loaky switch waa detscted, the test wan

and tha rwitches wers allowexd to cool to stubieat temperanire, The Leaky
switch was removed and the number of cycles noted. The recanining switches were
baenaght back up to 135°C and testing resumed,

Dain
Surmmary: Texporaturs: 135°C
Proenuze {Jow): 8 pai
Praanire {high): 1500 pai
Frequency: 2Hz
Table 1. balow, ahows the raw data obtained.
Table |.
Quantity of C}v]utnhlhp{‘iuﬂutulwiﬁuldidnnllukmmdﬂdmh}
| saxnples
1 T28000
(2 ' 1075000
3 133000
1 1200925
1 1208309
(2 1212896
26 1212859* .
“Notic Scme switches leaked & e same time; this 1 refiscted i the Showe tible whers lhers are mKiph
quarstit o or the aamos Cychet 1o leakags.
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Propristary Informuation: Atormey-Cliest Privikegs [vokied

Figure 2.

2 and 2 parameter WEIBULL FAILURE ANALYSIS
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TT 77PS Test Synopsis

This document it a synopsis of tests conductsd by Texas Instruments during the 77PS
investigation, The intert of this document [ to highlight test findings which drove the
investigation to its purrent atate, Throughout the investigation, several tests were

" conducted with the same objeptlve. When each objective was met, effarts were refocuscd

to obtain a new level of understanding and to establlsh & new set of objectives. As such,
tests have been catngorized into {5) ievels, representing the level of knowladge obiaimed
from the group of tasts conducted. Ench level iz listed below with a short description of
the objective:

Level 1: Create a switch ignition without any restrictions on methods.

Level 2: Create a switch ignition ustng only lietns found in the switch opereting
Level 3: Undarstand the ignition mechaniamn, :
Level 4: Compere factors contributing to ignition.

Level 5: Evaluate rocommendations.

Refer to Qrake Pressure Switch Teat Log.
Lavel i
Obhjective:

Overall objective: Dotormine if' & switch ignition can ocowr In the Inbomtary and
what conditions are required fo create an ignition.

Tewt 1 Objective: Determine IF switch ignition can oceur under the following
conditions: _ :

‘Switch contact flooded with brake fluld mixed with varying amounts of % Hx0.
14 volts applied to one tarminal, second tarminal elsctrically floating. (No
electrical load soross switch terminals),

Switch hexport electrically grounded.

Test 2 Objeciive: Determing If swich ignition can ocour under the following
condltions:
Switch contact flooded with brake fluld mixed with varylng amounts of % Hj0.
14 volta applied to one terminal, gecond terminal conmected to n 14 £ resistor tied
to ground. (1 Arp load scross switch terminals).

Switch hexport electrically grounded.

Test § Objective: Determing if switch |gnition can occur under ths following
conditions:

Heater element installed i contact cavity of the swiich.

Power applied to the heating slament until plastic base failure.

, THNHTSA 0145881




External apark applied to furmnes from burn.
Bﬂlﬂuummthmmtuﬂw{mdewujmdmmmlhe
wntutnwiq*fd:ydcwu]

Results;

Test ! Results: No ignition occurrd. No significant tempemmture rise observed,
Cmmhwmdﬁmﬂjmmjmmlptmdmm
{250} hours.

Test 2 Remulis: No ignition acowrred. No lmﬂmmmﬂum
for a period greater than (250) bours.

Test 6 Results: Ignition oceurred in both wet and dry devices.
jcg: The internal temperature of & wet device reasched 680°F. A hole
busned through the base of the switch (close to the heating alemand). The

externally apptied spark ignited the fumes which engulied the switch.
Dry device: The internal tempersture of 8 wet switch reached aver 1000°F. The

awttch base flopped over. The externally epplied spatk ignited the fumes which
mmﬂﬁdﬂum&ﬂ:h.

“Conelusion: _
A gwitch ignition can occur under the following laboratory condlitions:
-5 Watts of alectrical power is dissipsted as heat into the switch for (15) minwutes
using a haxting wire, (Source of heat to melt plastlc)
-A supply of Oxygen it wvaflable, (Hola burns through switch bass).
-An exteroal spark is applied. (Hy-Pot teater ignites fiunes of awitch),
Birake fluid doea not contribute to the ignition process
Lavelds
Objective:

 Overall Objective: Determine [f an ignition can oceur using only swltch
companants and slemonts found in the switch envirenment,

Test 8a Objective: Determine If corrasive dagradation of switch alectrical
memmmhdmmuﬂm{mﬂmnmuf

companets
heat) mﬂnniuhwhhhmﬂ-dtnm ignition,

Teat fic Qbjective: Determine if brake fuid wﬂh metal shavings is cunductwe
cnough to create an ignition.

TLNMTSA 014852




Sond st g wf e o

TI 77PS Test Synopsis

This docurnent is 4 #ynopsia of tests conducted by Texss Instruments duting the 77P5
investigation, The intent of this document is to highlight teat findings which drove the
Investigation tc its current state. Throughaut the investigation, soveral tosts were
conducted with the seme objective, When each objective was met, efforta were refocused
to obtain & new level of understanding and to esteblish a new set of obiectives. As such,
togts have been categarized into (%) levels, represonting the level of knowledge obtained
from the group of tests conducted. Esch level I3 Hated below with a short description of

the objective: ReSkr Jo  7es)f <og - . -

Level 1: Create a switch {gnition without any restrictions on methods.

Level 2: Crome a gwitch ignition uzing only items found in the switch operating
environment.

Level 3; Understand the ignition mechaniam.,

Level 4: Compare factors combributing to ignldon.

Level 5: Evaluate recommendations.

Level 1: 9

2
Objeetiva: an
Ovenll objective: Determine if & switch ignition s ucmhmd what conditions

are NEcASEATY to creats an |gniton.

Test 1 Dbjur._ﬁ_m Determine if switch ignidon can oecur under the following
conditions: .
Switch contect flooded with brake fluld mixed with varying amounts of %
14 vohs applied 1o one torminal, second terminal electrically floating. (No
electrical load scrosa switch inrminals).
Switch hexport slecivically groimded.

Tem 2 Objective: Determine if switch ignition can seour under the following
oanditony: '
Switch eontact flooded with brake fluid mixed with varying amounts of %
Hz0.
14 wvolts applied to one terminal, second términal connectsd 0 a 14 0
rexistor tied to ground. (1 Amp load across gwitch terminals),
Switch hexport electrioally groundsd,

Test 6§ Qbjective: Determine {f switah ignltion ean occur under the following
conditions:
Heatar clement installsd in contact cavity of the switch.
Power applied to the heating slemant until plestlc hass failure.
External spark applied to fumes from bum.
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Brake fluld present in the comact cavity (wet devics) and not present In
the contact cavity {dry device).
Resulis:

Test 1 Reaulta: No ignition occwrred, No significant temperature rise observed.
Current diaw rnged from 0.5 mAmps to § mAmps over & period greater
then (250) hours. -

Test 2 Results: No ignition oecurred. Na significant temperature rise observed
~ far a period greater than (250) hours,

Test & Results:Ignition cccurred in bath wet and dry devices.
YWet device: Tha internal temperature of a wet device reached 660°F. A
hale burned #mough the bese of the switch (close to the heating element).
The externally appliad spark ignived the fiunes which engulfed the awitch.
; The imternal tempereture of 8 wet switch reached over 1000°F,
The switoh base flopped over. ‘The exterally applied spark ignited the
fumes which enguifad the switch.

Concluslon:

A gwitch ignition can ecour under the following laboratory conditions:

-5 Wants of electrical power is disslpated as heat ino the switch for (15) minutes(u ird, o, et
(Source of heat to melt plastic) '3 _,,.ﬂ...')
-A supply of Oxygen i3 avallable. (Hole burns through awitch base). .~
-An extemnal spark is applied. (Hy=Pot tester ignites fumes of switch). -
Brake Quid dosa not cantribute to the ignition process

Level 2:

Objectlve:

Overall Objective: Determine if an ignition can ocowr using onfy switch
components and alemenits found in the switeh environment. :
Test 68 Objective: Determine if corroxive degradation of switch electrical
components can cause an increase in electrical resistance (and thus a source of
heat) in the switch which may lead to an igniden, -

Test 6c Objestive: Determine if brake fluid with metal shayings is conductive
anough to create an ignition. U{b

Test 7 Objective; Determine if switches mﬂ;paciﬁminn.
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10 1
Text 152 Objective: Dﬁumm:fhnaﬂmmlnhmmtubnh ﬂmdm
lesd to an ignition.

Ragultts - _
Test fa Resufts: A 5% NaC) in Hz0 aglution can comrode awitch elecirical
components and canse an increase m electrical resvivtance. Rapeated injections of
the NaCl In Ha0 solution, with the swiich powered, can conse a switch Ignltion.
Tent 5 Remilta: Bmkeﬂuidudthnummﬂnucﬁumtmdundgﬂﬁmit

Test 7 Reaulta: uﬂwmummw

“Test 15a Results: Tost is ongoing, Resulls to |
condutivity of both now and used brake fluid, k;{bm Laltert bia) o

Cl.mdmhl: al.l dese 5', s Ao
.

A ywitah jgnition ean docur unger the fol joma:
" 5% NaCl in Ha0 solution is injected into cavity of u switeh, -
14 Volta is applied to the switch.
Hexport is grounded,
Current in limited at 15 Amps.

Brake ﬂtﬁdﬂﬂ:nﬂﬂd:mﬂantmdmﬂumuzhmmm ignition,
y .

Smhnmuﬁmpmmn"wﬂcﬁm
Long durstion switch exposure to brake fluld hes had no hlu‘!febtnn
twlwhn Bﬂw o lreais  potreat
% .'.':IE ]I_Viﬂl e d peagl
Level 3: 3\# - b‘” . -1'[.__[95“._ 47 4{3’
OhJactive: ‘5“'

Test 6b Objective: Understand the ignition process, determine the current path
mdmhlhh a repeatable ignition method.
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Results:

Test 6b Resuits: Multiple atternpts at ignition, vin infection of ® 3% NaCl in Hi0
Imin the contact cavity of switches, has resuited in a repestability raie of -
approximaraly 50%. Plots of hexport cumrent verses tima ghow an increass in
cuwrent until the point of Ignitlon.

Conclusion:
adetd |
aummwmmmmm Beaxd on hexport -
current thnummpmhi:ﬁommlmh u 1o hexport body.
When a NaCl in Hz0 solution 1s repeatedly injectsd cavity of '

powered switches, alectrolytic corroion of the rwitch terminals reyults In an
[ncrense in terminal resistance, Whan sufficient powwr is drawn through the
oarrosive resistanes, switch alements heat up end begin to glow red hot. A hole
burns through the switch base and ignition occurs. There is arcing visible
throughott the commosion process which may provids the spack necsssery for

ignition.
Love] 4
|sms
Objective:
Crverall ﬂnmpn!lldmmltvmlhm:nﬂmmppﬂmumlﬂﬂ .
establi method.

Test 138 Objective: Emmvﬁmﬂﬁ#hhmwwﬂmmm.

Test 15 Objective: Compare the burn characteristics of verious plastica as awitch |
base maserial.

TmlShOhjncﬂve Compare: 1) the probability of switch ignition in the
vartical position verses & 45° orientation and 2) the probability.of switch ignition
uafuuaﬂmnfmuhmﬂndnmmmnﬂmﬂm.

Tem 13 Results: ﬁ:wltchﬁlladwlthﬂiﬂnﬂlinﬂ;ﬂrudmdlnmlplﬂm
when svarage hexport current exceaded 2.5 Amps. Switches that were filled with -
tap water and rain weter drew less than 10 mAmpa over n (3) havr tast and
showed little signs of corrogion. Switches fllled with & matrix of new and used .
brake fluids, with water sand without water, all drew loas than 3 mAmps hexport
currant draw snd showsd no signs of corrosion,

Teat 15 Results: When 5% NaCl [n Ha0 was injectad into swiltches with different
basa mateiinls, the following results were obtained: Cellunex 4300 ignited 3 out
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.n” sttempts, qurl Ignited 2 nutuf_imm. Zytel ignited 1out of 3 antemprs ,

WM

Test 15b Results: Switch ignitions have ocourred in different rotational angles.
Coucluslon:

Lo pdidh ik
Buhﬂuﬂism“mouﬂmmﬁ:ﬂmﬂnlﬂmdmmﬂm
to create an ignition, Baamuuﬂu‘dwﬂmﬂyhi;harmdumﬂmmium
rich fluid such a3 NaCl in H;0 {5 necesaary to cause an ignition.

SMtchIaﬂﬂm&uunﬂmpntuhmlﬂwhwhnluvamlH“
orientation nor to rotational angle in the 45° orientation. -

Level 5
Objective:

Test 16 Qhbjective: To test proposed relay cincult
Resglis;

A switch was injected with 3%Nacl in H20 solution and placed in a proposed
current limidng clrcult for (#3) hours. The current drw remulned constant ut
186 mAmps thronghout the test. There was no activity observed and tha contact
‘arm remained intect,
lndtdlwbruushttnmimpmdmgbmmmhﬂmmhummndm
method, An impending bum ia & condition where 2 corrosive realatance has built
up in the switch and an ignition is inminent. The switeh was piaced n the
propased teluy circuit for(18) hours where it drew 160 mAmps, showed no visible
activity and did not remilt in s burn. Because the proposed relay clreujtactans s -
resistor which limits current to the switch, the maximumn power to the switchis -
[initad to .75 Watta. A resistive wire was wrapped around the base of the switch

and 0.75 Watts of power was dumped into the wire becume warm to
mmwh-dmmumm "ﬁ’}_‘fs}}&. Eu-h‘ﬁ whly A

Cnmnlullnn}&m\hf uJ" bes'

0.75 Waits, the maximum pewer in the proposed cireult design, Is not enough
power to cause necexsary for ignition. In previous tests,
using w reaistor as the heating element, approximately 5 Watts of power was

necessary to create and igniton. ‘mmunntmu;hpuwumﬂ:npmpond
circuit to create ignition.
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