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kMaterials & Controls

ms Automotive Sensors & Controls @
Agenda .

8:00- 8:30 Introduction to T Douglas
8:30-9:15 Supplier Delivery Rating Management Perrpram_:er
9:15-9:30 77PS Design Overview Dague |
9:30-9:45  77PS Process Overview Prola
9:45-10:15 QOS Overview Walt =
10:15-10:30 Break | .
10:30-11:00 77PS Line tour Proia
11:00-11:15 Travel to Bidg. 4 |
11:15-11:45 Thermal Vaive Desigr/ Process Overview  Kelsall
11:45-12:00 Thermal Vaive Line tour Kelsall
12:00-1:15 . Travel 10 Mansfleld and Lunch Spencer
1:15-1:30 Tmumamusﬂwm Spencer
1:30-2:00  TRS Design Overview Perkins
2:00-2:15 Martin

TRS Process Overview
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D Texvas - Materials & Controls
INSTRUMENTS Automotive Sensors & Controls
Agenda

2:15-2:45 TRS Line Towr ﬁarﬂn
2:45-3:00 TRS A0S Overview A. Johnson?
3:00-3:30  CASAVD Design/Process Overview Johnson
3:30-3:45 CASAVD Line Tour = Johnson
3:45-4:00 Wrap Up and exit review
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W Txas Brake Pressure Switch
INnsTRUMENTS Potential Thermal Event Theory Profile 5/20/99

BLLPIO VI MN-LL

NA Hydraulic Switch History

Time Perfod: ‘83 ‘87 ‘00 ‘91 ‘99
Power Power Power Power Power Power
[Slearing

Application: Stoering Steering Stearing [Steering  [Steering

Fluid:

* Tl has some 16 years and 130 miilon units accumuiated experience in hydraullc

applications using multiple flulds

=TI has some 12 years of brake system application experience working with brake

fiulds
C/McCalek BSynermiationock

Allnclanent




W Tixas Brake Pressure Switch 5/20/99
INSTRUMENTS Potential Thermal Event Theory Profile
OVERVIEW OF
CONCERN TIME LINE
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Brake Switch Ovcmew
- Mounted vnder hood...14 inches under master cylinder
- -Mount_ed on proportional valve at frame of vehicle
- Switch oriented approximately 25 degrees off vertical
(connector up)

- Switch controls speed cont:rol -normally closed, opens at
130 psi

- Conﬁnl_muslypoweredbybatted 15 amp connection
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¥ Tas Brake Prossure Switch
InsTRUMENTS Potentlal Thermal Event Theory Profile 5/20/99

PRESSURE SWITCH “FLOW DIAGRAM®
(92, ‘93, TOWN CAR)




¥ Doxas Brake Pressure § ‘Proﬂ 5/20/58
Potential Thermal Event Theory Profile 5/20
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4 Txas Brake Pressure Switch

PZIFL0 YBLHN-L

InsrrumEnTs  Potential Thermal Event Theory Profile 5/20/99

Ford recalls 179,000 cars because of risk of crulse-control fires

0571971999
Associated Press Newswires
Copyright 1999. Yhe Associated Preas. All Rights Reserved.

DEARBORN; Mich. (AP) - Ford Motor Co. has racalled 279,000 full-siza
mmd-m-wmmmmm-thm
cause a fire. .

The recall affects the 1992 and ‘93 Lincoln Toun Car, Mercury Grand
Narguis and Ford Crown Victoria. About 10,900 of ths recslled SATS Are
in Canafis.

There have hHesn 147 reports of Iires snd two injurise attributed to the .
m.mmmmqnﬂmm.

mm—uith-unmwmm.mmm
mmmhm,m'mmthhmmmrm
and have the cruisa control dimsabied, Ford said.



" W Tixas Brake Pressurs Switch
INSTRRIMENTS Potential Thermal Event Theory Profile 5/20/99
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AGENDA
* CONTRIBUTING FACTORS AND ROBUST DESIGN DIALOGUE

*OVERVIEW TIME LINE

* SYSTEM OVERVIEW

* SWITCH AND CONNECTOR
+ IS/1S NOT TABLE
» CAUSE AND EFFECT DIAGRAMS
+ THEORIES

» BRAKE FLUID IGNITION

'+ PLASTIC IGNITION
» TEST RESULTS |
* CONTRIBUTING FACTORS AND ROBUST DESIGN DIALOGUE
- ROBUST DESIGN ALTERNATIVES
RORUSTDES




—— =l bt

e Brake Pressure Switch
. INSTRUMENTS PmnﬁanhuTndEmﬂlooryProﬂhm

1. ConnectorSealtonS

2. Power continuously available
A. Operator notifications

3. Switch orienta_ﬁonllocaﬁon
4. Curent limit/ fuse
~ 5. Hexport isolation

6. Plastic ignition robustness
A. Nearby fuels

- 2 o
g 7. Kapton seal of P/S
g

8. EnvuonmentalseglufPfS -
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Potentlal Thermal Event Theory Profile

CONCERN TIME!

ﬂludfﬂlhm WDSA
atFutﬂ ignite pistc
plastic

. .m-m ﬁﬂuw
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B Tixas ‘Brake Pressure Switch
INSTRIRMENTS PolnnﬁdThonnﬂ EvmtﬂnoryProﬂIem

Brake Switch Overview
- Mounted under hood...14 inches under master cylinder
- Mounted on proportional valve at frame of vehicle

- Switch oriented approximately 25 degrees off vertical
(connector up)

- Smtch controls spood control.. norma]ly closed opens at

STHYHD YELHN-LL

130 psi

- Continuously powered by battery 15 amp connection




B hoxas Brake Pressure Switch
- INsTRUMENTS Potential Thermal Event Theory Profile 5/20/99
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¥ o | Brake Pressure Switch
Irsmms Potential Thermal Event Theory Profile 5/20/99

REFINED BRAKE FLUID IGNITION THEORY
POSSIBLE CAUSE THEORTES
“FEB ‘99 FOCUS”
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Qm Brake Pressure Switch
INSTRUMENTS PohnﬁalTharmalEmMPmﬂlem

ESIPLD YBLHN-LL

- TIandFordnntsmcessfulmmannglgmuonmﬂl “new”
brake fluids




SIS TS Potential Thermal Event Theory Profile 5/20/99
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Brake Pressure Switch
InstsanenTs Potential Thermal Event Theory Profile 5/20/99
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shown by “success” and “end-of-life” testing
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# TXAS Brake Pressure Switch
InsTriMENTS Poiential Thermal Event Theory Profile 5/20/99

PROCESS FLOW DIAGRAM
“CORROSION” POTENTIAL CAUSE FLOW ANALYSIS




¥ Texas Brake Pressure Switch
InsTRUMENTS Potential Thermal Event Theory Profile 5/20/09

821710 VELHN-LL

§. High curyent fiow to oase through
waker and ionic contaminalion

2. 12V Baliary soyurce to drive

mmwpmﬁmr/

5. Pisstic connecior melis. Once it
opens, cxygen sniors the switch
cavity. Arm tsrminal/corroaion
becomes “RED HOT” igniting
the piastic

1. Walor and “lonlc”
cortamination {e.g. NaCl or
cleaner) amnrs the switch cavity

4. Comtact armé terminat

resictance (acts llky hoater
wire}).

. Haa:pmamunﬂaq



. Brake Pressure Switch -
| Thermal Event Theory Profile 5/20/99

INSTROGENTS Potentia

nt

5% Salt Water Ingress

Test 1

. Tetl: Figase 1 snd Figme 2.
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W Tixas Brake Pressure Switch
INsTRUMENTS Potentlal Thermal Event Theory Profile 5/20/99
Temperature vs. Time

—Top Temp ——Clutch Temp Boltom Tamp

e SN




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

_ 5% Sak Walnr ingress Exparimant

[_vmp-ﬂ_w-n—muw-—mnm—mmm Hexport Cusront

b¥bP30 VELHN-LL




» Brake Pressure Switch
INSTROMENTS Potentlal Thermal Event Theory Proflle 5/20/69

TPLPLO YELN-1

77PS
45° Orientation in 15 Amp Circuit
5% Salt Water Ingress

Cellanex 3316 Base

Cellanex 4300 Base

NTIONIAL JGNITION CREATED THRU T FLUID INGRESS LAB TEST PSA13"




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

SPL¥I0 YSIHNLL

“Corrosion” potential cause time line
Theory Time Line

Vehicle Time — } |

- ,'f:'
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» Brake Pressure Switch 5/90/99
INsTRUMENTS Potential Thermal Event Theory e
T7PS Cellanex 4300 Base
Vertical Orientation in 15 Amp Circuit
5% Salt Water Ingress -
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* Brake Pressure Switch
INSTROMENTS Potential Thermal Event Theory Proflle 5/20/99
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PROCESS FLOW DIAGRAM
“CORROSION” POTENTIAL CAUSE FLOW ANALYSIS




¥ ixas Brake Pressure Switch
INSTRUMENTS

ntial Thermal Event Theory Profile 5/20/99

ovi¥i0 YSLHNLL

77PS Noryl Base
450 Qrientation in 15 Amp Circuit

e __ PNTAT KINTTIGN CREATED THRU T1 PLUID INGRESS LAB TEST PS/0%/| 3*lkichasnt




Brake Pressure Swiltch

LYIFPi0 YELHNAL

nt.ﬁ“’mpmmmm Event Theory Profile 520/89
| ECONOLINE VS. TOWN CAR P/S

Switch 3
Smme compocun? : ;F';" . Cido st
1307200 Bk Suld “ow” oals salfing
Dulenialion Pomesr oo conlinucots
Yorkenl?
Swixh matesial?
Cokur | Bel Lamg? -
Thermal
Evends
Swich Supgly chain
Cround Wix; Hirscm costsmingion Ope_.
Poseatial = e
Dup I Tocalon
Heapod Grownd _ Wheel spray lnn
Folenier’ Harmaaa “tip ing™
Switch Polarity - Algemen
15 g *Fual nearby?
cimcul
Chromit Esvirossosst
JTr—
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B Brake Pressure Switch
INsTRUMENTS Potentlal Thermal Event Theory Profile 5/20/99

“Corrosion” potential cause time line
Theory Time Line

Vehicle Time




8FLPi0 YELHN-IL




TR

08i710 VELHN-L

le

- —- ' R Y

| Brake Pressure Switch

Potential Thermal Everit Theory Profile 5/20/99 -

200 mAmp Current Limit Circuit

Test Setap

14.5 Voln DC

Worst cass scanario i whan

the swiich is aclusied, which puts.

T2 at full voliage.

To faciitate testing, T1 ks
foating which kesps T1 and-
T2 ot full voltage but Bmits
ourrant diaw 10 .2 Avps
{This st is hewsher than
WOrSt CHoe S0enenio).




¥ 1xps Brake Pressure Switch
INsTRUMENTS. Potential Thermal Event Theory Profile 5/20/99

- M0 VBN

See low cument stuff from sean



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

PRESSURE SWITCH “FLOW DIAGRAM®
(92, ‘93, TOWN CAR)




B Tixas Brake Pressure Switch
InsTRUMENTS Potentlal Thermal Event Theory Profile 5/20/99

EQLFL0 VELHN-1L

NA Hydraulic Switch History

Time Perlod: ‘83 ‘87 ‘S0 ‘01 ‘08 ‘99

Power Power Power Power Power Power

Applicalion: | gieering  |Steering  |Stwering  |Steering  [Steering  Btoering
Suspension | Suspension | Suspension | Suspension | Suspension
Transmission TransmlssionTransmission Transmigsion

Crulse Crulsa Cruige

Cluteh Clutch

Fluid:

* Tihes some 16 years and 130 milllon unlts accumuleted experience in hydraulic
applications using multiple fluids
* Tl has some 12 years of brake system application experience working with brake

flulds

el SoreemataiionFond




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

¥ Tevas

TENHT3A 014154



Brake Pressure Switch
InsTRUMENTS Potential Thermal Event Theory Profile 5/20/99
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¥ Toeas Brake Preasura Switch

insTRUMENTS Potential Thermal Event Theory Profile 5/20/99
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' Brake Pressure Switch :
Potential Thermal Event Theory Profile 5220089
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Brake Pressure Switch
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INSTRLAZENTS Potential Thermal Evant Theory Profile 5/20/99
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Brake Pmsﬁm Switch
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& Texas Brake Pressure Switch
InsTRuMENTS Potential Thermal Event Theory Profile 5/20/99
NA Hydraulic Switch History
Time Perlod: ‘83 ‘87 ‘90 ‘91 ‘08 ‘99
. | Powear Power Power Power Power Power

Application: | guering |Staering | Steering Swerdng  {Skering  Binering
Crulse
Clutch

Fluld:

Z9IFrL0 YSLHNLL

* Ti has some 16 years and 130 milion units accumulated experience in hydraulic

applications using multiple fuids

+ Ti has some 12 years of brake system application sxpsrience working with brake
fiuids |

CoBe il

Artncieont
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Brake Pressure Switch
insTRUMENTS Potential Thermal Event Theory Profile 5/20/809

NA Hydraulic Switch History

Time Period: ‘83 ‘87 ‘90 ‘91 ‘98 ‘99

. | Power Power Power Power Power Power

Application: [gieering |Swsering |Steering  [Swering  [Steering  Bieering
Suspension | Suspension | Suspension | Suspension | Suspension
TmumlulnllTr-nHolhmnhdol]Tm-nﬁoﬁ

Crulse Crnulse Crules

Clusch |Cluteh

Fluld:

* Ti has some 16 years and 130 milllon unlis accumudsiad sxperience in hydraulic
applications using multiple flulkis

» Tihas soms 12 years of brake system application sxperience working with brake
flukde _

Ol eie Wi/ Orrermintion




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

PRESSURE SWITCH “FLOW DIAGRAM®
(92, ‘93, TOWN CAR)




See low current stuff from sean
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B Brake Pressuve Switch
MMIMMMMM

993710 YEBLHN-LL

200 mAmp Current Limit Circmt
Test Setup

14.5 Volts DC
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Y Toxas Brake Pressure Switch
INsTruMENTS Potential Thermal Event Theory Profile 5/20/99

“Corrosion” potential cause time line
" Theory Time Line
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,‘m ~ Brake Pressure Switch
INnsTRUMENTS Potential Thermal Event Theory Profile 5/20/99

ECONOLINE VS. TOWN CAR P/S

Swiich et
S, ot cior'T Rewrrwolr Conl st
- . Seilt O
1307200 Breies Suid “low” Tiosks selling
Ovanislion Power on continuous
Swikch uapieinl?
Color Setilamy?
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Ir!mlm Potential Thermal Event Theory Profile 5/20/89

| 77PS Noryl Base
459 Orientation in 15 Amp Circuit

- 5% Salt Water Ingress

d
%
2
i
"
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4 Brake Pressure Switch
INsTRUMENTS Potential Thermal Event Theory Profile 5/20/99

FLLYPLO WELHNAL

PROCESS FLOW DIAGRAM
“CORROSION™ POTENTIAL CAUSE FLOW ANALYSIS




» Brake Pressure Swi
ROMENTS Potential Thermal Event Theory Profiie 520/99

77PS Cellanex 4300 Base
Vertical Orientation in 15 Amp Circuit
5% Salt Water Ingress




*'II Brake Pressure Switch
InsTRMENTS Potential Thermal Event Theory Profile 5/20/99

“Corrosion” potential cause time line
Theory Time Line

R/

Il Vehicle Time s }
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*'ll- Brake Pressure Switch
InsTrRUMENTS Potentlal Thermal Event Theory Proflie 5/20/99
TIPS
45° Orientation in 15 Amp Circuit
5% Salt Water Ingress

Cellanex 4300 Base Cellanex, 3316 Base

INTENTIONIAL YONITION CREATED THRU T1 FLUID INGRESS LAB TEST PS9%1Y

rilPi0 YELHNL
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W Dexas Brake Prossure Switch
InsTRUMENTS Potential Thermal Event Theory Profile 5/20/99

. OLIFH0 VELHNLL

5% Salt Walsr ingrees Exporimant
Tenmpetshre ve. Thine

~—-Fop Tomp ——Clukch Tamp Batiorm Tomp

mmmmmmmmmmm

Time {Gesonds)
Chi-Onakucminitel INTENTIONIAL IGNITION CREATED THRU TI PLUID INGRESS LAB TEST PS99%13"

Adachinse




Brake Pressure Switch

5% Salt Water Ingress Experiment

INSTRUMENTS L5 Poltential Thermal Event Theory Profile 5/20/99

»

Teat 1: Figire 1 and Figure 2.

Test 1

TI-NHTSA D14177







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

BII¥L0 VELHN-LL

PROCESS FLOW DIAGRAM
“CORROSION” POTENTIAL CAUSE FLOW ANALYSIS




¥ Texas Brake Preasure Switch
InsTRUMENTS Potential Thermal Event Theory Proflle 5/20/99

0BIPi0 VELHN-L

- “Town Car” switch meets accelerated/simmlated life cycle specification
shown by “success” and “end-of-life” testing
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Brake Pressure Swiitch
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- TI and Ford not successful in creating ignition with “new”
brake fluids
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REFINED BRAKE FLUID IGNITION THEORY
POSSIBLE CAUSE THEORIES
“FEB ‘99 FOCUS”
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| Brake Switch Overview
- Mounted under hood... 14 inches under master cylinder
- Mounted on proportional valve at frame of vehicle

- Switch oriented approximately 25 degrees off vertical
(connector up)

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

- Continuously powered by battery 15 amp connection
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OVERVIEW OF
CONCERN TIME LINE
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AGENDA
* CONTRIBUTING FACTORS AND ROBUST DESIGN DIALOGUE

*OVERVIEW TIME LINE
* SYSTEM OVERVIEW
* SWITCH AND CONNECTOR
* IS/IS NOT TABLE
* CAUSE AND FFFECT DIAGRAMS
*» THEORIES
* BRAKE FLUID IGNITION
* PLASTIC IGNITION

» TEST RESULTS
* CONTRIBUTING FACTORS AND ROBUST DESIGN DIALOGUE

* ROBUST DESIGN ALTERNATIVES
Ol ssvnintiondF et
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*hs Brake _
. | Pressure Switch
INsTRUMENTS Potential Thermal Event Theory Proflie 5/20/00

1. Connector Seal to P/S

2. Power continuously available
A. Operator notifications

- 3. Switch orientation/location
4. Current Bimit / fuse
5. Hexport isolation

6. Plastic ignition robustness
A. Nearby fuels

7. Kapton seal of P/S

8. Environmental seal of P/S

Coy ki Oramasmbvlion ol
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Brake Pressure Switch
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NA Hydraulic Switch History

Time Perlod: ‘83 - ‘87 ‘90 ‘01 ‘08 ‘00
| . | Power Power Power Power Power Power
Application: gieering |Swsering  [Steering  [Stsering  [Steering  [Steering
Suapension | Suspension | Suspension | Suspension | Suspension
Transmission Transmission Transm legion
Crulss Crulse |cnm
Clutch |Clutch
Fluid:

* Tl has some 16 years and 130 miiion units accumuisted experience In hydraulic
applicafions using moftiple fiukis
= T1 has scme 12 years of braks system appiication axperience working with brake
fhulds
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Brake Pressure Switch
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