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The objective of this program was to determine the condition of the rear brake lines in
subject and peer vehicles by conducting an owner survey (questionnaire) and a subsequent
vehicle inspection program for subject and peer vehicles,

Almoat a]l of the subject vehicles inspected exhibited corrosion and ahrasion on the resr
brake lines that were not found on the General Motors peer vehicles or on the post- 1997 Ford
cxcmplar vehiclen that were inspected. At least six of the subject vehicles also exhibited
more severs comogion than that found on the Chrysler peer vehicles that were inspected.

The change to the mastic patch on subject vehicles during March 1997 did not appear ta
reduce or eliminate the contact between the brake lines and the floor pan rib above them as
compared to the shrink-wrap design, The mastic patch did appear to help reduce comogion ta
the portion of the brake line within the mastic patch. Corrosion on subject vehicles appeared
to be the result of contact between the brake line and surnounding dissimilar materials,
including the mounting pads.

Exemplar Ford vehiclea (post-1997) did not exhibit corrosion of the rear brake lines. The
brake lines appeared to be either made of a different maierial or covered with a protective
coating. These vehicles were slso equipped with different routing and mounting methods
that appeared to prevent abresion against the floor pan.
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1.0 In

This program was performed at the Vehicle Research and Test Center (VRTC) at the request of
the Office of Defects Investigation {QDI) of the National Highway Traffic Safety Administration
(NHTSA), ODI opened an Engineering Analygis (EA03-012) in response te complaints of
alleged brake line failures in 1995 through 1997 Lincoln Town Car, Mercury Grand Marguis,
and Ford Crown Victoria vehicles.

20  Backgrousd

ODI received complaints of rear brake line failures in subject vehicles and additional complaints
and warranty claims from Ford. An analysis by ODI of data submitted by Ford showed a
disproportionate number of failures in 1997 Crown Victora and Grand Marquis models
manufactured after March 1997. Some reports were related to abrasive failure caused by the
brake ling rubbing on a tib of the fleor pan located in the areq of the transmission-mount cross
meinber (sec Figure 3.1) while others suggesied thet corrosion may alzo be 3 major contributor to
the failures. Subject vehicles produced prior to mid-March 1997 were equipped with a piece of
shrink wrap on the brake line (see Figure 3.2) that was meant to prevent the abrasive rubbing and
failyre of the brake line in this area Starting in mid-March 1997, a running change was
ingtituted on Ford Crown Victoria and Mercury Grand Marquis vehicles that added a “mastic
patch” to surround the brake line and other nearby lines in the area where shrink wrap had been
used previously. This tunning change was not instituted on the subject Lincoln Town Cars.

A search of the OD complaint datsbase for peer vehicle complaints identified only one
complaint involving General Motors (GM) peer vehicles (Caprice, Impala, Eighty-Eight, Ninety-
Eight, and Regal) and only two complaints involving Chrysler LH peer vehicles.

3.4 Ob

The initial objective of this program was to determine the condition of the rear brake lines in
subject and peer vehicles by conducting an owner survey (questionnaire) and a subsequent
vehicle inspection program for subject amd peer vehicles.




Routing of Brake, Fuel, and Vapor Return Lines

Unprotected Body Rib
Shrink Wrap

Figure 3.2
Shrink Wrap at Transmission Cross Member
and Close Prozimity at “Unprotected Area™




44 Procedure
The following activities were undertalen for this praject:

1. Because VRTC is located in central Ohio, the Ohio Burcau of Motor Vehicles was requested
to provide a list of owners of subject and peer wehicles within the state of Ohio. ODI
tdentified the initial peer vehicles ag 1995 — 1597 Chevrolet Caprice and Impala vehicles.

2. Questionnaires were mailed to 240 owpers of subject vehicles and 40 owners of peer vehicles
who resided within approximately 50 miles of VRTC. The questionnaires asked owners to
provide the current odometer reading, the build date, and the owner's experience with brake
line failure, if any, on their vehicle. A copy of the questionnaire is provided in Appendix 1.

3, Questionnaires that were retumed from owners of subject vehicles were divided into three
groups based on the build date of the vehicle. The three proupa were: built before March
1997; built during March 1997; and built after March 1997. Each of these groups was then
divided into two additional groups that were based on the owner’'s experience with the rear
hrake ling, The two groups were: 1) ar brake ling had not required repair and 2} rear bralos
line had already been repaired.

4. Attempts were made to contact owners who returned the completed questionnaires. When
the owper was willing to participate, the vehicle was leased for a day and brought to VRTC,
In a few cases, the vehicle was inspected at a deglership near the owner. The rear brake lines
were inspected and photographed and certain clearances with body paris that were in close
proximity to the brake lines were measured. On subject vehicles, special attention was given
to the area where the brake line crossed over the atiffening rib at the trapsmission-mount
cross member. The brake lines wers replaced at & local Ford dealership in cases where the
lines were deemex to be approaching failure.

5. Inth case where the brake line was replaced as a result of the inspection, VRTC maintained
paagession of the removed brake line for subsequent microscopic examination and pressure
testing. The pressure testing consisted of capping one end of the removed brake line and
attaching the other end to a calibrated dead-weight tester and applying increasing pressure
until a leak developed.



6. After the plammed subject and peer (GM) vehicle inspections were complete, ODI requested
that five additional peer vehicles, manmfactored by Cheysler Corporation, be inspected. Peer
vehicles fiom Chrysler were identified as 1995 — 1997 Chryzler LH vehicles. Theae included
Chrysler Concorde, Dodpe Intrepid, and Eagle Vision., Two of these peer vehicles were in
the inventory of test vehicles at VRTC, The remaining thres vehicles were found at local
usad vehicle dealerships.

7. After the subject end peer (Chrysler) vehicles were inspected, ODI requested that five
exempler (1998 or later) Ford Crown Victoria or Mercury Gmnd Marquis vehicles be
inspected. The reazon for this request was that Ford claimed that commosion and abrasion of
the rear brake line was not an issue with these vehicles after a desigh change starting with the
1998 model year. These vehiclex wers found at local used vehicle dealerships.

50 Regulis

The results of questionnaire responses, the visunl inspections, and the pressure testing ame
presented below.

S.1_Subiect Vehicles
The questionnaire to owners of subject Ford vehicles had a response rate of approximately 38%.

A summary of the responses is shown in Table 1.

Table 1

Tabulaiion of Subject Vehicle Data
Sublact Ford Vahiclas Numbers | Parcantagas Bulkd datas
Tatal Questionnalkres Sent 240 1996/ 986 1807
Total Responses: ' 52 38% All Mondtes | pre-March | Manch | post-March
Haa Not Requirad Rapak: 73 T8% 40 17 3 23
Has Already Been Repalred. 8 T% 4 0 4] 2
Na lenger own: 7 B%
Raturmsd without answars: ] T




5.1,1 Sum of Results for Subject Vehiclg Insgecti
A summary of the inspection results for the subject vehicles is shown in Table 2. Most of the
columns in Table 2 are self-explanatory.

As noted earlier, subject vehicles manufactured prior to mid-March 1997 used a piece of shrink
wrap on the brake hine to protect the brake line from rubbing against the floor pan at the floar
pan 1ib located above the tranamiseion-mount crosa member, Ford Crown Victoria and Mercury
Grarud Marquis subject vehicles manufactured after mid-March 1997 had a much larger mastic
patch that surroomded the brake line and the other nearby lines in the area of the trangmission-
mount cross member. The column labeled “Protected Area, Type™ refers to which method of
brake line protection was utilized.

The column labeled *Protected Area, Contact or Clearance™ refers to whether or not the shrink
wrap on the brake line was found to be in contact with the floor pan stiffener. In most cases
where there was no contact, the clearance is listed as measured with a fecler gaupe. Vehicles
equipped with the mastic patch all had contact between the mastic patch and the floor pan.

After the first two vehicles had been inspected, an additional area to inspect was noted
approximately 4 inches to the rear of the area protecied by shrink-wrap. The clearance between
the unprotected brake line and the floor pan stiffening in this sccondary arca wag minimal or
there was contact. The column labeled “Iinprotected Area Cantact or Clearance™ refers to
whether or not thie condition existed. In cases where there was no contact in this secondary area,
the clearance is listed. This area will be referred to as the “unprotected area™ in this report.




Tahle 2 - Summary of Rasults of Inspections of Sobject Vehiclas

No.of | Comrosion on Brake Lines Protocted Arsa | egrotocted

Hl. ek Miig. |Odomater | Brekoe Conbist e | Ares Coninct or

| Ho. | Vo | Wehlcin el Date | Rawiing |Lines Locations Soverily |Repeired | Typs | Clsarancs fing| Clisurasee fn.)

1 | 1985 | Town car [ 1 Jan35| 140120 | 2 Al Heavy [ByOwner| S | NoCendaet | e mapecied

2 | 19685 Jorown Vic| FFALP7INES Decg4| s2533 | 1 isoiaind Light Mo | S~ Conlact Mok inapeciad
3 1085 | Town Cor lI.__mlﬁ 78 3 g_ Most Modarata [ o Mo Condard =14

4 | 1966 |Crown vic| 2FaLp7 NovB5| 129242 | 1 Fronk Haif Moderals Mo | Sw | moconect | Prosebie Contact
5 | 1906 Jorown vic| 2FALPPAND Movas| 77eso | i Pront VeryLight | Mo | Sw | Moconect Contact
8| 1967 | Town Car | {LNLMSY Oct96| 140969 | 2 |CrossmiwBbodymt.| Lighl Mo | Sw Cordact 0.5
7 | 1985 |crown vio| 2F APy Apr95| eaga0 | 4 At Cross Member | Ligt Mo | sSw Corlect -1
8 | 1886 |Crown Vio| 2FAL Mar96| S2428 | 4 Front HeM _ Moderats No | Sw Cordact 0.m5
g | 1907 | Town Car [+ A 32868 | 2 |Sightunderreardoor| VeryLigt | Mo | Sw | Conledl -1 4
- 10 | 1987 Jcrown vic| arauer Apra7| 40250 | 1 Moo Nane Mo | MR Conact 0.045
11 | 1988 |Crown vic| 2FaLP? 56 | 118511 | 1 Mickdile area Wodwals | Mevte | Sw |  Contact 0.Ms
12 | 1997 |crown vic| 2Faser Jurd7? | 112654 | 2 | Croms mor & bodymt. | modersts Mo | wP Conact 0115
13 | 1997 | Town Car | 110 81 88675 | 2 BehindBody M. | VeryLint | Mo | 5w 14 104
14 | 1907 | Town Car |4 | 39850 | 2 | isoieied, Random | Moderels MET 48
15 | 1987 |Crown vic| FaLP7 abg? | s | 2 inolated LtToHeavy| No | WP Contect -2
16 | 1987 [crown vic| HER K Alloxceptroar | Modersks No [Sw]| Conisa 0.035
17 | 1997 | Town Car [1000 Decag| 116702 | 2 Al Hoavy Mo | Sw 0,005 -1 54
18 | 1907 [crown vic| 2FaLP7 Sepbe| 145788 | 4 Al Moderate Mo [ sw |  conbe Gontact
18 | 1997 |cCrown vic | 2FaLPTane oca7| a0z | 4 Al mounting clps Light No | wP Conbect 14
20 | 1995 [Crown vic| 2FALP? Jon-B5) 174390 | 1 At Croas kimmber Haavy No | sw 0,060 018
21 | 1997 [crown vic | 2F. O0c-6] 51408 | 1 | AnescolOusshbr. | Heawy | By VRIC | SW o7 0,03
22 | 1984 [Town Car |1 Decod| 605% | 2 Al Heavy |By Owner| SW NiA NIA

SW = Sheink Wrap
NP = Mastic Paich




%1 LSCTIDLons of Sy i A i
Results of each of the 22 subjact vehicle inspections are discussed below. Selected photos from
the subject vehicle inspections are provided in Appendix 2.

1 | H

The odometer reading on this vehicle was 140,120 miles. This vehicle was equipped with ABS
and dual rear brake lines. Both brake lines had been repaired prior to this inspection. The repair
consisted of inserting two new sections of brake line, each measuring approximately 54 in. long,
in the original brake lines using flara union fittings. The front union was directly under the front
of the left front door. The rear union was approximately & inches to the rear of the front of the
left rear door. The remainder of the original brake lines was extremely corroded. According to
the owner's questionnaire, the new sections of brake line had been m place less than six months
but were already somewhat cormoded. The new brake lines had been bent so that they did not
conitact the tranamission-rnount cross membsr.

S.1.2.2 1995 Crown Viciuria, VIN: 2FAL £73WISX I

The odometer reading on this vehicle was 52,533 miles. This veohicle had one brake linc to the
rear axle thet was in very good condition with only isolated areas of light corrosion. Shrink-
wrap was attached to the brake line where the line was routed between the floor pan and the
{ransmission-mount crods member. The shrink-wrap was in comtact with the floor pan rib. The
brake line was also in contact with the “unprotected area.”

5.1 1

The odometer reading on this vchicle was 78,391 miles. This vehicle was equipped with ABS
and dual rear brake lines. Both lines were modemately comoded. The brake line closest to the
body was protected by shrink-wrap in the area of the body nb. The shrink-wrap wes oot in
contact with the body rib. There was approximately Y inch of clearance at the “unprotected

anea.




L) C VIN; WETX

The odomster reading on this vehicle was 123,242 miles. This vehicle had one brake line to the
rear axle. The line was moderately corroded toward the front of the vehicle and mostly firee of
corrosion toward the rear of the vehicle. Shrink-wrap was attached to the brake line whers the
line wes routed between the floor pan and the transmission-mount cross member. Therc was a
very gmall gap betwesn the ghrink-wrap and the floor pan. There appeared to be contact between
the brake line and the floor pan at the “unprotected arca.™ This contact could not be confirmed
since access to this area was restricted and bending the brake line would have been necessary to
take a measurement.

12,8 Cr : JFAL

The odometer reading on this vehicle was 77,650 miles, This vehicle had one brake line to the
rear axle, The line was very lightly corroded. It appenred that the brake line had been previously
pulled downward in front of the transmission-mount cross member so that the shrink-wrapped
area did not contact the floor pan. There was a light-colored powdery regidue on the brake line
from rubbing contact with the floor pan at the “unprotected area.” The rest of the brake line was
unremarkable. The brake line was bent slightly before returning the vehicle to the owner to
prevent continued rubbing. '

51.2.6 1997 Town Car. : 1L 1W2

The odameter reading on this vehicle was 140,989 miles. This vehicle was equipped with ABS
and dual rear brake lines. The area over the cross member had shrink wrap on one brake line but
not on the other. The shrink-wrap wes in contact with the floor pan; the clearance on the other
brake line was measured at 0.025 inch. Both brake lines were lightly comroded near the
transmisgion-mount cross member and near the body mount. The remainder of the brake lines
was oot corroded. The brake lines and all the lines parallel to them were wrapped with a single
pieca of rubber or shrink-wrap where the lines pass between the body mount and the floor pan,
under the left rear door. The wrap had a longitudinal split that faced inboard on the car. This
“subber” wrap was not noted on vehicles inspected previously.




5.1.2. 1995 C Victord : 2FAL

The odometer reading on this vehicle was 99,600 miles. This vehicle had one brake line to the
rear axle. The vehicle had been undercoated and, except for a small area of light corrosion ahead
of the transmission-mount cross member, the line was unremarkable. The shrink-wrap was in
contact with the floor pan. The clcamance at the “unprotected area” was approximately 0.025

inch.

5128 1996 Crown Victoris, VIN: 2FALP74W2 TN

The odometer reading on thig vehicle was 52,429 miles. This vehicle had one brake line to the
rear axle. Moderate corrosien was present starting at the front of the brake line, and extended to
approximatzly 1 foot behind the teangmission-mount cross member. There wag also minimal
corrosion to the rear of the body mount located under the left rear door, The shrink-wrap was in
cantact with the floor pan. The clearance at the “unprotected area™ was 0.015 inch.

1 1ILNLMB2

The odometer reading on this vehicle was 32,668 miles. This vehicle was equipped with ABS
and dual rear brake lines. The brake lines had only a very light amount of corrosion. The only
visible corrosion was at the small rubber damper near the body mount bemeath the left rear door.
The shrink-wrap appeared to be slightly thicker than on other vehicles and was in contact with
the floor pan. The clearance at the “unprotected area™ was approximately ¥ inch.

1997 Yicto 1 ZFAL
The odometer reading on this vehicle was 40,950 miles and the build date was after March 1997,
This vehicle had cne brake line to the rear axle. This was the first vehicle to be inspected that
was equipped with a mastic patch. The patch surrounded all the lines at the cross member area
where previous modsls had only shrink-wrap on the brake line. The mastic patch had a soft,
tubbery consistency and was in cantact with the floor pan. The clearance at the “unprotected
areq” wae (,045 inch. The brake line exhibited ne visible corrosion.

5.1.2.11 1996 Crown Yictori : JFAL
The odometsre reading on this vehicle was 118,511 miles. This vehicle had one brake line to the
rear axle. The owner questionnaire described this vehicle as having had the brake line repaired




but there was nn evidence of any new hrake line. There was moderste corrosion on the middle
area of brake line, between the front area and the body mount beneath the left rear door. The
brake line was protected by ghrink-wrap that was in contaet with the floor pan. The clearance at
the “unprotected area™ was 0.013 inch.

The odometer rcading on thie vehicle waa 112,694 miles and the build datc was after March
1997, This vehicle was equipped with ABS and dual rear brake lines. There was moderate
gorrasion on both lines, both at the tranamission-mount cross member and to the rear of the body
mount under the left rear doar. There were also portions of both brake lines that were free of
corrosion. A mastic patch swrounded the brake lines and all of the paralle]l lines nearby at the
transmission-mount cross member. The patch was in contact with the floor pan. The clearance
at the “unprotected area™ was 0.1135 inch,

. 1 T : 1 1W
The odometer reading on thiz vehicle was 98,675 miles. This vehicle was equipped with ABS
and dual rear brake lines. There was very light corrosion on the brake lines, starting at the body
mount wider the left rear door and extending rearward for about | foot. There was shrink-wrap
on only one brake line. There was at least 1/4" clearance at the “unprotected area™ There was
what appeared 10 be & “rubber” patch in the area of the body mount, similar to that described in
Section 5.1.2.6.

£.1.2.14 1997 Townm Car, VIN: 1LNLM32W2

The odometer reading on this vehicls was 39,950 miles. This vehicle was equipped with ABS
and dual rear brake lines. There was moderate corrosion randomly located at vanous locations on
both brake lines, The shrink-wrap area was in very light comtact with the floor pan. A 0.001-
inch feeler gage could almost be inserted between the shrink-wrap and the floor pan rib, The
¢learance at the “unprotected area” was approximately 1/8 inch,

The odometer reading on this vehicle was 71,641 miles and the build date was after March
1997, Thig vehicle was equipped with ABS and dual rear brake lines. The car was equipped

10




with & mastic patch that was in contaci with the floor pan. There was a hole in the paich that
exposed the lines but the lines did not appear to have been contacting the floor pan. There was
light to heavy corrosion on both lines in all arcas except inside the paich and above the body
mount beneath the left rear door. The portions of brake line within the mastic patch were much
less cormroded that the areas outside the patch. The clearance at the “unprotected arca”™ waa
approximately 0.050 inch. The mastic patch could not be completely removed from the vehicle
50 photographically documenting the hole in the mastic patch was limited. The paich was
rotated before returning the vehicle to its owner so that an unworn area of the patch was aligned
between the brake linex and the floor pan.

5. rown Victoria, VIN: 2FAL

The odometer reading on this vehicle was 85,712 miles and the build date was pnor to March
1997. This vehicle was equipped with a single rear brake line. The brake line was covered with
moderate corrosion along all but the rearmoast portion. The shrink-wrap was in light contact with
the floor pan and there was no visible wear. The clearance at the “unprotected area” was
approximately 0,035 inch.

5.1.217 1997 Town Car, VIN: 1ILNLMEIW2V ]*
The odometer reading on this vehicle was 118,702 miles. s vehicle was equipped with ABS

and dual rear brake lines. Both brake lines were heavily corroded along their entire length. The
clearance at the shrink-wrap was 0.095 inch. The clearance at the “unprotected area™ was
approximately % inch.

51218 1997C H

The odometer reading on this vehicle was 145,756 miles and the build dzte was priot to March
1997. This vehicle was equipped with a single rear brake line. The brake line was moderately
corroded along its entire length. It had shrink-wrap protection that was making light comtact with
the floor pan, There was no discernable wear on the shrink-wrap. The brake line was discolared
in the “unprotected area.” Althaugh there was light contact in thic ares, there was no discernable
abrasion to this area of the line.

11




51219 1997 Crown Victoria, VIN: 2FALP74w4v NI

The odometer reading on this vehicle was 40,257 miles and the build date was after March 1997.
This vehicle was equipped with a single rear brake line. The brake line exhibited mynimal
corrosion, mostly near the plastic clips that held it in place. The mastic patch was removed
during the inspection and was found to have a triangular hole in it that was appatently caused by
rubbing on the floor pan. The portion of brake line within the patch area exhibited no cormozion.
In the “unprotected arca,” a soft end spongy rubber-like matarial was attached to the brake line.
This material was approximately 4 inch thick. It was in contact with the floor pan and protected
the brake line from rubbing against the floor pen rib,

5.1.2.20 1993 ictori H

The odometer reading on this vehicle was 174,590 miles, Thia vehicle was equipped with a
single rear brake line. The brake line was completely free of comosian in some places but was
geverely cortoded, to the point of flaking, near the shrink-wrapped arca. The clewrance at the
shrink-wrapped arca was 0.060 inch. The clearance at the “unprotected area™ was 0.150 inch.
The least corrosion was next to the catalytic converter. Rearward of the shrink-wrapped area, the
comroaion was mostly light.

51221 1997 Crown Victoria, VIN: IFALPTEWIE-

The odometer reading on this vehicle was 51,188 miles and the build date was priee to March
1997. This vehicle was equipped with a single rear brake line, The brake line was extremely
corroded ahead of the transmission-mount cross member, to the point of extensive flaking. The
comasion was deemed severe enough that the vehicle was sent to a local Ford dealer to have the
brake line replaced before the vehicle was retumed to the owner. The clearance at the shrink-

. wrap was 0.017 inch. The clearance at the “unpratected area™ was 0.030 inch. After the brake

line was removed, it was pressure tested. A small leak developed at 2,500 pai.

1 T Car, VIN: ILNLMAIWE
The adometer reading on this vehicle was 80,630 miles. This vehicle was equipped with AB3
and dual rear brake lines. Sections of both rear brake lines had been replaced by the owner prior
to this inspection. The replaced old sections were left in place and the new sections were added
in a perallel fashion. Instead of being properly installed in the original mounting clips, the new
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sections of the brake linea were held in place by friction against the body and each other and by
one tie-wrap, Each new section had only one splice visible undereath the car.

The new sections of line were grayish in color and had some light comrosion where one of them
contacted the steel transmission-mount cross member, There was no corrosion where the two
new sections made contact with each other.

Themgmalmplauudsectmnsofbmkehnu were most corroded where they were in contact with
the other lines in the area. It appeared that the corrosion was an ¢lectro-chemical reaction
betwsen dissimilar metals, possibly exacerbated by road salt. The corrogion did oot appear to be
initiated by abrasion or stone chips.

Portions of the original replaced sections of the brake line were removed from this vehicle and
sectioned so that the wall thickness could be measured. A relatively non-cotroded section of this
original brake line (see Figure 5.1) was determined to have a wall thickness of 745 micrometers
{0,029 inch), One corroded section of the brake line (see Fipure 5.2) was determmined to have an
area where the wall thickness was 376 micrometers {(0.015 inch). Another corroded section (see
Figure 5.3) was determined to have an arca where the wall thickness was 183 micrometers
(0.007 inch). Microscopic cxamination of the sections of brake line showed that the corrosion
was limited to the outside wall of the brake line.

Figure 5.1
Relatively Non-CorTaded Brake

Line = 745 pm Cross Section
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Figure 5.2
Corroded Section of Brake
Lime - 376 pm Cross Sectlon

Figure 53
Corroded Section of Brake

Line - 183 pm Cross Section
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5t Gemeral Motors Peer Vehicles
The results of the GM peer vehicle inspections are discussed below.

5.2.1 Tabylation of Questionnaire Response Dats
The queationnaire to owners of GM peer vehicles had a response rate of 28%. A summary of the
responses is shown in Table 3.

Table 3
Tabulation of GM Peer Vehicle Data

[SM Peer Vahicles: Numbers |Psrcsntages|
Total Quastionnalres Sent: 40

Total Reaponsas: 11 28%
Hag Mot Required Repair: g B2%
Has Alraady Basn Repaired: 0 0%
Curmantly Needs Repair:* i 9%

|No longer cwn: 1 2%

Note: * Not available for inspection

521 of ¥Vehicle Ing 1]

A summary of the inspection results for the GM peer vehicles is shown in Table 4. Only one
owner replying to the questionmaire was able to pravide hig vehicle (1996 Caprice) during this
test program.  The other four GM vehicles were found at local used vehicle dealerships.

Table 4
Swmmary of GM Peer Yehicle Imspections
Inap.] Model Mig.
No. | Year | Vahicla VIN Osta | Mlisags | Cormasion
1 1986 | Coprice Feb-95 | 78,028 Nona
2 | 1998 |impala 55 77,054 Nona
3 11998 [Impela S8 B1,1B81 Nona
4 1585 |Impela 55 82,313 Nona
5 | 1998 |Impsla S5 56.405 Mora

The date of manufacture of the fifth GM peer vehicle was unknown because the certification
labe]l was not present, An analysis of the VIN indicated the vehicle was manufactured prior to

February 1995.
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Each of the five GM peer vehicles inspected had a single rear brake line. The line was routed
along the ingide of the left frame rail, gimilar to the location used by Ford. Unlike Ford, the GM
peer vehicles did not have any other lines in the vicinity of the brake linc. None of the vehicles
exhibited any visible corrogion cm the brake line. There was no evidence that any of these
yehicles had a previous brake line replacement. Selected photos of GM peer vehicle inspections
are provided in Appendix 3.

53 Corporation Peer Vehicles
The results of the Chrysler peer vehicle ingpections are discussed helow.

NMIMIGALY O eNicle INnEpechen Repntt

A summary of the inspection results for the Chrysler pecr vehicles is shown in Table 5.

Table 5
Summary of Chrysler Corporation Peer Vehicle Imapections
Inap. | Madsl Mig. Corroslon

Nao. | Yerr | Vehicle VIN Dats | Milsage | Location | Amount
1 1996 S4.088 Ispisted Lt o mod.
2 | 1986 [co 47,594 |  Ipolaied |Lt to mod.
9 [ 1997 =78 00) Naons None
4 1885 81,586 lsolabed  |LI 0 mod.
] 1085 113,275 lsalgted |L1 toc mod.

53.2 jons of in DBE

Each of the five Chrysler peer vehicles was equipped with duel rear brake lines. The brake lines
were routed with three other lines alomg the lower surface of the floor pan and locared
approximately halfiway between the longitudinal centerline of the vehicle and the rnight edge of
the vehicle. All five lines were attached to the vehicle using four shared plastic mounting clips.
There was no evidence that the brake lines had been replaced on any of these vehicles. Results
of each inspretion are discussed below. Selected photes from the Chrysler peer inspections are
provided in Appendix 4.
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5321 1996 Concorde, VIN: 1CIHDSGF T

The odometer reading on this vehicle was 54,088 miles. Very light corrozion waz found on both
brake lines near each of the four mounting ¢lips. Moderate corrosion was found on both brake
lines in the area of the fuel pump. Otherwise, the brake lines were free of corrosion.

$322 1996 Cogcorde. VIN: IC3HDSGFETF

The odometer resding on this vehicle was 47,594 miles. Light corrosion was found on both
brake linea near each of the four mounting clips, Light to moderate corrosion was found on both
brake lines in the area of the fiel pump. Dtherwiae,thebmkelineswmﬁ‘eeuf:urmion.

5323 199 i i
The odometer reading om this vehicle was approximately 78,000 miles. No carrosion was found

on either brake line of this vehicle.

£3.24 B H

The odometer reading on this vehicle was 91,596 miles, Light corrosion was found on both
brale: lines in four areas: at the mounting clip at the center of the vehicle, in the area of the fuel
pump, next to the fucl tank, and over the right rear suspension area. Both brake lines were found
w be somewhat discolored just rearward of where they came down from the engine
compartment Because there was dampness from a fluid leak in this area, including dampness in
the surrounding body area, it was unclear whether this discoloration was the beginning of some
corrosion or if it was cansed by a fluid leek. The brake linea were otherwisc frec of corrosion.

5325 1993 Concord, VIN: 2c35x.56FoPHENN

The odometer reading on this vehicle was 113,275 miles. Minimal corrosion was found on bath
brake lines near three of the four mounting clips. Both lines were free of corrosion at the
rearmost mounting clip. Moderate comrosion was found on bath brake lines in the atea of the fuel

.pump. Clear liquid that appeared to be water, possibly from the air conditioner condenser, was

also found on the brake lines at the front clip. The brake lines were atherwise free of corrosion.
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54 _Ford Exgmplar Vehicles
The results of the 1998 - 1999 Ford exempiar vehicle inspections are discuseed below.

54.1 on Results
A summary of the ingpection resulis for the Ford exemplar vehicles ia shown in Table 6.

Table 6
Summary of Ford Exemplar Yehicle Imspections
insp.| Modsl Mfg.
No. | Year Vahicly VIN Date | Misags |Corrosion|
1 | 1888 Grand Marguls PMEFM7TEWS, ct-98 |Mot recordad]  Mone
2 | 1988 |Crown Victorla [2FAFPT4 7| 120,841 None
3 | 1588 (Crown Victoria | ZFAFPTIW 95| 48644 Mong
4 | 19989 |Crown Victoria | 2FAFP74 ar-ig| 69,888 Nona
& | 1988 |Crown Victoria | 2FAFPT4W ar-9g8| 104,617 Nona
4.2 _Results of Vehicle Inspections

Four of the five Ford exemplar vehicles inspected had a single rear brake line. The remaining
exerplar vehicle (Inspection No. 5) had dual rear brake lines and ABS. The brake lines on these
vehicles were black rather than the silver/gray found on the subjcct vehicles. None of the brake
lines an these vehicles exhibited any visible corrosion. There was no evidence that the brake
lines had been replaced an any of thesc vehicles. These vehicles utilized 3 methad of mounting
the brake lines that held the line appraximately % inch away from the vehicle frame. The brake
lines on these vehicles were routed in a manner that appeared to eliminate the pessibility of
abrasion due to contact with the floor pan in the area of the transmission-mount cross member.
Selected photos of the Ford exemplar inspections are provided in Appendix 5.

60  Discussion

Abrasion from contact with the floor pan was exhibited on the brake line of several subject
vehicles. In addition, all except one of the 22 subject vehicles inspected had some amount of
corrosion of the rear brake lines. The corrosion of the brake line was judged to be heavy on six
of the aubject vehicles, including three “repaired™ vehicles where replacement of the brake lines
appeared to be necessary. Two of the “repaired™ subject vehicles had slready had the rear brake
lines replaced prior to the inspection by VRTC. This would suggest that the brake lines had
failed at some point or the corrosion on the lines was significant enough to merit replacing the
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lineg as preventative maintenance. Inspection of the repaired brake lineg on these two vehicles
showed that corrosion had already begum on the new sections of brake line. The corrosion
appeared to originate whers the brake line contacted dissimdilar metals, such as body structures
and other lines running parallel to the brake lines, and near the plastic clips used to hold the
brake lines in place on the vehicle. One of the “repaired™ subject vehicles exhibited corrasion to
the cxtent that VRTC used a local Ford dealership to have the brake line replaced prior to
retumning the vehicle {1997 Crown Victoria) to the owner. Testing showed that the section of
brake line removed from this vehicle generated a leak when pressurized to 2,500 psi.  (Brake
line pressure does not nommally exceed 2,000 PSI)

Metallurgical sectioning and analyzsis of sections of a “replaced” brake line removed from one
“repatred” subject vehicle {1994 Town Car) showed that corrosion had significantly reduced the
wall thickness in two areas identified as having heavy corrosion.

None of the GM peer vehicles exhibited any visible corrosion of the rear brake line or abrasion
due to contact with any poertion of the vehicle, Four of the five Chryslet peer vehicles exhibited
isolated lighi-to-moderate corrosion of both brake lines. None of these peer vehicles exhibited
abrasion of either brake line due to contact with any portion of the vehicle. None of the Ford
exetnplar vehicles exhibited any visible corrosion of the rear braks line or abrasion due to
comtact with any portion of the vehicle.

7.0 Conclusions

1. Almost all of the subject vehicles inspected exhibited corrosion and abrasion on the rear
brake linca that wete not found on the GM peer vehicles or on the post-1997 Ford exempler
vehicles that were inspected. At leagt six of the subject vehicles also exhibited more severe
corrosion than that found on the Chrysler peer vehicles that were inspected.

2. Cormosion appeared to be a more gignificant problem than abrasion on three of the subject
vehicles, to the point that replacernent of the brake lines appeared to be necessary.

3. In the limited number of subject vehicles that were examined during this program that
comntained the mastic patch, the mastic patch did not appear to reduce or eliminate the contact
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between the brake lines end the floor pan rib above them as compared to the shrink wrap
design. The magtic patch dlid appear to help reduce corrosion to the portion of the brake line
within the mastic patch. However, the mastic patch did not prevent comosion over the
remainder of the brake line.

. Corrogion on the subject vehicles appeared to be the result of contact between the brake line

and surrounding dissimilar materials, including the mounting pads.

. Exemplar Ford vehicles (post-1997) did not exhibit corrosion of the brake line. The brake

line appeared to be either made of & different material or covered with a protective coating,
Thess vehicles were also equipped with different routing and mounting methods that
appeared to prevent abrasion against the floor pan.
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Owner Questionnaire
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Consumer’s Name
Address

Date
Dear

You are being asked by the United States Departrnent of Transportation to take part in an
informal questionnaire regarding the rear brakes on your <MY Make, Model> By participating
in this questionnaire, you will be asaisting in determining if a safety related defect exists on your
model vehicle. This questionnaire will only take you about 10 minutes to complete. Your help
is very much appreciated. If you no longer own this vehicle, plesse check the box to the right
and retum this form in the enclosed envelope.
NO LONGER OWN: 1]
To conduct and complete the questionnaire;
» First, review the “QUESTIONNAIRE INSTRUCTIONS™ printed on the back of this
form.
= Second, Review the three possible responses to the questionnaire.
s Third, complete the “QUESTIONNAIRE RESPONSE™ section of this form.
* Fonrth, mail your completed questionmaire to us. No postage is necessary to return the
questionneire responss form.

Pleaze be advised that we may nead to contact you concerning your guestionnaire response and
or provide a copy of it (possibly including your name and contact information) on request to your

~ vehicle’s manufacturer. If you do not wish to be contacted by us, or do not want your response

provided on raquest to your wehicle's mannfacharer, please so indicate on the questionnaire form.

Thank you for your assistance with thiz questionnaire.

Sincerely,

Robert C. Raser
Project Engineer
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QUESTIONNAIRE INSTRUCTIONS

= Open the Driver’s door of your vehicle.
Find the Manufacturer’s Certification Lahel. It will be located either on the rear edge
of the door or the rear of the deor opening, near the door latch. (Example in photo
below)

e Find the date that Iz imprinted on the lahet (liated as month/year)

+ Copy the date onto the “Vehicle Build Date” line in the Questionnaire Response section
below.

NFD, BY

BATE:
I"IEIIT'6 ¢ 26

READ CIlB. =EA

This rest of this questionnaire concerns lenkage or failure of the steel brake lime that rons to
the rear wheels. It in located undernesth the car near the left framve rail. Leakage can be due
to corrosion and/or abrasion. Please respond to one of the following three shraations,

If the brake line to the rear wheels has never required repair, check the “Rear Bruke Line Has
Not Required Repair” box in the (Juestionnaire Respuonse section below.

If the brake line to the rear wheels has required repalr at any tme that you are aware of, even
if it occorred before you owned the vehicle, check the “Rear Brake Line Has Been Repaired”
box in the Questionnaire Response section below,

If the brake line to the rear wheels is currently in need of repair, check the “Rear Brake Line
Currently Needs to be Repaired™ hox in the Questionnaire Response section below.

OQUESTIONNAIRE RESPONSE
Current Mileage: Contact Name:
Vehicle Build Date: Daytime Phone:
Donotcontactme | Do not share with Manufacturer [
REAR BRAKE LINE HAS NOT REQUIRED REPAIR 1

REAR BRAKE LINE HAS BEEN REPAIRED [ Date of Repair:
REAR BRAKE LINE CURRENTLY NEEDS TO BE REPAIRED L[]
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Appendix II
Selected Photos of Subject Vehicle [nspections
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Appendix IV
Selected Photos of Chrysler Peer Vehicle Inspections
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Typical Intrepid Peer Vehicle
Front Aren

Typleal Intrepid Peer Vehicle
Rear Area

Typical Intrepid Peer Vehicle
Inside Plsatic Protector
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Typical Intrepid Peer Vehicle
Area Beiween Plastic Protector and Fuel Tank

Typical Intrepld Peer ¥ehicle
Area Next to Fael Tank
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Appendix V
Selected Photos of Ford 1998 and Later
Exemplar Vehicle Inspections
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Typical Ford 1998 and Later Exemplar Vehicle
Brake Line at Torque Box
(Black Colored Line)

Typleal Ford 1998 and Later Exemplar Vehicle
Brake Line at Body Mount
(Black Colored Linge)
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Typleal Ford 1998 and Later Exempilar Vehicle
Brake Line at Transmission Cross Member

(Black Colored Line)

- ' s =
Typical Ford 1998 and Later Exemplar ¥Yehicle
New Style Mounting Bracket
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