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INTRODUCTION

Tests were conducted on a 2005 Volvo 540 241 M, 4-Door Sedan, manufactured by Volvo
Gothenburg Sweden, to determine compliance with FMVSS 135 "Passenger Car Brake Systems.”
All tests were conducted in accordance with the U.8, DUO.T., NHTSA. Laboratory Procedure TP
13500 and/cw the comresponding TRC Inc. Test Procedore that was submitted to NHTSA for
their approval. The Test Procedure was clearly described in the submitted docurnent and has not

been repeatad in this report.

All stops were performed manuoally.,

All tests wera conducted by TRC Inc. parsonnel using the following TRC facilities:

1.5-Milg Test Track

Vehicle Maximum Speed

Bumish

Heating Snubs and Hot Performance Stops
Brake Cooling and Racovery Stops

Skid Pag

Cold Effectivencss Stops

High Speed Effectiveness Stops

Stops with Engine Off

Failed Antilocks

Faifed Yariable Proportioning Valve (if applicable)
Failaed Hydraulic Circuits

Brake Power Assist Unit Failares

RBES Failurs (if applicable)

EMF (Battery) Failure (i applicable)

Brake Slope
Parking Braka

Average PFC during the test period was 0.96 (Skid Pad) and 0.93 (Test Track) wtikizing the
ASTM E1337 w/E1336 tire method.

The test vebicle was ABS equipped Thenefore, the Wheel Lock Sequence and Adhbesion
Utilization Tests were not parformed.

This vehicle met the requirements of FMVSS 135.



- = I |

B |

—

A I |

d ""':‘1

-

N

-

)

T3

Y

T

DATA SHEET 1

- VEHICLE INFORMATION

Body Style: 4-DODR SEDAN
Mfr Date: 06/04

ViN. YVIMa3ga 52051631

VEHICLE SPECS
Year: 2005 NHT3A Ho: CS553900
Mfr: ¥OLVOD GOTHENRURE SKEDEN BYWR (Kg): 1959.6
Make: VOLVO GAWR Front(Kg): 1079.6
Model: S40 2 41 M BAWR Rear(Kg)' BS6&&.0

Whecslhazse (om): 2528 ¢

Ddonatar ' Start:51 MI.

End 507 NI.

OMLY

Chazzis Mfg.: N/A
Sarial Ho.: N/A
Mo, of Saata: H/A

Manufacture Date: NJ/A

Displacement: 2.4
Engine Hspur: N/A
Idle Speed{rpm): 756

Ho, of Axlea: 2

Engitie Type: GASDLINE ,I-5

LITER

rransuission Type: 5-5PEED MANUAL, FWD

CYL. .DOHC, VARTABLE VALVE TIMIMEG ,PISTON.
Tire Size: 205/55R16

Tire Typsa: ENERGY MXV4,91V SE, M35 EADIAL
Tire Mfr.: MICHELIN

GYWR Front PFress.(kpa): 248 21
GVWR Rear Press. (kpa): 248.21

BRAKE APPLY SYSTEM

Brake Saries

: Front:DISC Rear:DISE
Brake Actuation

fHydr. Circuit Split):
Porer Unit:

Anti-Skid unit Mfr:
Parking Mechantism:
Type of Parking init:
Mstr Cylinder Diafmm):

DIAGDMAL
VACULIM

TEVES

NG

N/A

See Appendix C.

Forer Azsist Unit:
Par Unit w/Accumulataer:
Pwr Azst . /Per Unit w/Backup:
Yariable Frap. System:
Anti-Bkid Dewvige:

Padal Ratia:

NO
ND
HO
YES

3.7:1 IN}

BRAKE COMPONENT MATERIALS AND CONSTRUCTICN:

Length{mm)

Thickness{nm):
Lining Code/Color:
Myd. Pigten Dis.{mm):

BRAKE TYPE: DISC

Brum Construction:
Disc Construction:
Front Brake Dia.(mm):
Fr Disc Thickness(mm):
Lining Constructien:

FRONT BRAKE COMPONENT DIMENSIONS AND CDDES:

Inboard (Leading)
Width{mm):

N/A

300.18
25.02
Bonded

58.39

105 74
11,63

F 4198 FF
96.92

INTEERAL CAST,VENTED

Materilal: CAST

LF Drum Shoe Cage Dia.(mm):
RF Drum Shoe Cage Dia. (mm):
LF Drum Dia. RESET(rmm):
RF Drum Dia. RESET{nm):

Duthoard (Trailing)

Width{mm): 58.19
Length(nm) ' 105.59
Thickness{mm): 11!.53

Lining Code/fColor: F 4198 FF
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DATA SHEET 1 - (CONTINUED)

REAR SYSTEM BRAKE COMPONENT MATERIALS AND CONSTRUCTION:

BRAKE TYPE: GISC Material  CAST IROM

Orum Construction: N/A LR Drum Shoe (age Dia. (mm): C.00

Dise Construction: INTEERAL CAST RR Drunm Shoe Cage Dia. {mm}: O 00
Lining Corstruction: BONDED IR Drum Dia. RESET{mm): & .00
Rear Brake Dia.f(nm)' 279 A5 ER Drum Dia. RESET(mm):. ©.00

Rr Disc Thicknessfom): 10.87

REAR ERAKE COMPONENT CIMENSIONS AND CODES:

Inboard (Leading) CGutboard (Trailing)
Width(mm): 40.72 Width (mm): 40.69
Length(nm): 77.93 Length (mm]: 77.85
Thickness{mm): 10.77 . Thickness (mme): 1039
Linlng Codeflolor: 4132 FF Lininyg Code/Color: 4132 FF

Hyd Pisten Dia (mm): 37.92

OTHER CDOMFONENT INFORMATION:
Friction-{ype Park Brake: N/A

Non-Service Brake Type
Parking Brake: HAND OFERATED.

HOTE: If at any time after the test series has begun, any brake aysiem part

reguiresa reﬁlacment ot the braks system requires adjustments othar than
permitted in burnish and reburnish procedures, disc¢eohilnue testing and

natify the COTH immediately.

Guality Assurance: m
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VEHICLE: 2005 Volvp $40 2.41 M NHTSA NO.: DATE: 05/20/05
3.0 SUMMARY OF TESTING
I i il i I
Spactiostion snd Limi TEST RESULTS
tlnmpihmuilwmpnmwmnn
Min 1 BlodeatSiop | ShorediSop | Shartes Ston
Pocil | Pady Min. Pedal Max. Podal Blopping |
Lewziing Spmsd Foroe | Foms Stopping Distarca: Fance (N Force Hemiong [ DistAhca {m) | PASS
TEST E:m‘bn L L] Racuirarnan {m) (dveraga ~N) | {Comaced) Fal
W ™
Exquipment Roquiremets. Specified Equiomant | Vehicte cuntaing spscied squipmen
Vehicls Moximur Spnod LV | MA ik HA
I Bisnish GVWR - 1] 2051, 80 - O ki otope & 3.0 mpeps b n)
Whasl Wi ARS oo ABS [ MA '
| Gvwr | Loctupotion | eB8 Exupred
| Whee! Logiup Saouenovwio ABS | LYW A5 Equleped NA I
Mdhegion Lilsption w ARG L LW Fuser axis eeiieminn ASS Eqp)inped A
utflzartion curve balow
Adwaion wiio AHS GVWH Spacifind vaiu ABS Equiyed )
| Cold Effscthvoness avwi 11 Jos  lse | 5 4718 473 . |
 HighJposdENectvoness | avwn | 1eon |65 [ mo e depent - 157.8 | 5 AB0.5 1154 E
Sinos wibs Engine OF GYWR | 100 1] 800 70 5 404.5 " Pam
| Cokt Ffinctanoyy wyw oo e [ 600 7 5 2528 | aam | Pam |
L highSpeed Efmctivarmss | Lty 0.0 i1 ) 2pd depeiil — 1875 | 8 4859 1005 Paks
Folad Antilock L VWY 100 B [0 a5 5 £30.0 £52 Pang
Faliod FroporSoning Vahes LLVW 100 | és iy 110 5 M MA A
Fabind himulls Sicuir LLYW 100 =] B0 168 5 #64.1 B7 2 Prci |
Fj i Cheout #2 LLYW 1 & | kg 1608 5 A3 6 253 Pt
Fallm Clnou BYWR 1o [-L4 500 158 B amz paz Pas
Falod Hyarmise Clrcult #2 cvwr | 10 B §00 188 5 4858 up Pass
Faien Arefiock ovwA | 1o 1] 500 BS E 2294 53.2 Pamm |
Falad P Yaha GVWR 100 BS n ] 110 -] A, MA HA
rake Syatam —
Fallure aywWR 100 |_fi5 118 168 £ MA NA A
Firpe (EMFY -
| Battery Fallirs GYWA | o0 a5 500 70 E N N& his
| Praver Exaie gk Falure avwr | wo les | e il S 4959 1425 L)
Parking Brake - Lphil cywhn | - . 400 for &5 i 2 NA 2.2 YarHots | Pase
~ Diervnil WA - - 400 Hold far & min.§ M X090 Now-tlolds Pyaz |
| Heating Suba GVWH | 12080 | NA [ WA 15 gmbs-20mmpa § 8 BV Ay | A P
lmﬁm#l GYWA ] EX 2847w | TR 5 IMmA (37 AG.r Pisis
'. _— --,“ SR - e - ., - - Sl R - I I . e
- (L} . - T [ n - L] - - - - T- Ll
P e e bt - - T - - 4.
1 - . .
‘- - S PLEL N c . AL NI T i

4

[
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DATA SHEET 3 - VEHICLE WEIGHT

VEHICLE : 2005 VOLYD S40 2. 4I M NHTS3A No. C55900 Date: 04/25705]
Tire Pressure(cold): Front (kpa) 248 Rear (kpa) 248
Cdometer: Start 31 MI. End 307 MI.

Seale(s) Used: TRC Scales

NOTE: GVWR, LLV¥W and axle wRelghts to be measured Within 40X and -1X.

GYWE/GAWR INFORMATION UNLOADED VEHICLE WEIGHT(UVW}
(Frem Veh. Certification Lahel)
BVWR({Kg): 1960 L Front{Kg): 419 L Rear(Kg): 299
GAWR Front(Kg]: 1080 R Front(Kg}: 430 R Rear(Kg): 287
GAWR Rear(Kg): 966 T Front(Kg): B48 T Rear(Kg): 586

Total GVW(Kg): 1434

TARGET LIGHT LOADED WEIGHT [LLVW): ACTUAL LIGHT LODADED WEIGHT(LLVW):

NOTE 1: LLVR = UWi+131. 4Kg
NOTE 2: Weight distributed in frant pasasnger seat aress.
KOTE 3; Weither axzle load st LLVW leom thzn at UVE: ballast a8 requicred.

L Front{¥g): 486 L Rear(kg): 342 L Front(Kg): 470 L Rear{Kg): 344
R Frent{Kg): 478 R Rear(kKg): 331 R Front(Kg}: 473 R Rear(Kg): 328
T Front{Kg): 943 T Rear{Kg): 673 T Front(Kg): 943 T Rear(Kg): a72

Total LLVW(Kg): 1&17 Total Aectual Test LLVWN(Kg):K 16l5

Load: Driver/Obperver 73{Kg}+ Instru.41{Kg} + Ballaat &B(Kg)} =  1B1{M4}

FULLY LOADED TEST WEIGHT (ACTUAL BVYWR)

NOTE 1: Vahiels losded 80 azle loads proportional to GAWR shown pr'uiuualj.

NOTE 2. But oo zile weight to be less than =t LLWH.

NOTE 3: If welght on any axle at LLVW sxgesds the axie’s proparticnal ahare
af the GYHR. the load required to resch GYRR ia pleaced ac that the welght
on that axle remain® the pame em st LLYW.

L Front{Kg): S01 L Rear(Kg): 462

R FrontiKg): 533 R Rear(kg): 463
T Front(Kg): 1034 T Rear(Kg): 925

Total Fully Loaded GVWR(Kg):@ 1960

Load: Driver/Obasrver 73(Ka) + Inmtru. 41{Kg) + Ballamt 412(Kay=  525{kg)

em” Led - -
Techniclan: ol 2.bes o= . =-'-"'f-"ﬂ’.':.'_.". Date: M

KatH ELSTEREAY
Cuality Assuranoe; %” :
KEM WERESTER
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DATA SHEET 4 - EQUIPMENT REQUIREMENTS (S5)

SERVICE BRAKE SYSTEM (55.1)

Vehicle equipped mith a service brake system adéting on 2ll whesls? YES

Wear Adjustment {55.1 .1):

Service Hrakes are compensated for wear by msans of a systam
of automatic adjustment? YES
Dezcribs: DISC-AUTOMATIC CLEARMHCE TAKE-UP.

Wear Status {35.1.2):
Wesr ztatux of zervice brakes is indicated by:

{A) Acoustic or pptical device? ND
Dexcgribe: N/A
{8Y Visua)l check outwide or under wehicle? TYEZ

Describe: FRONT & REAR:LOOK THROUGH CALIFPER.

PARKING BRAKE SYSTEM (55 .2)

¥ehicle sguippad with 2 parking brake system of a friction type
with =olely mechanical mean= te retain engagement: YES

CONTROLS (S5.3)

{A} Sarvice brakes activated by means of a foot contrel? YES
(EY Parkinyg brake control is independent of the service

breke contral? YES
{C) Parking brake control is hand or faot operated? YES
(0) ABS, if equipped, cannot be manoally dizabled? YES
DATA INDICATES COMPLTANCE YES

COMMENTS . NONE .

Date: g”;':??fﬂ,ﬁ"

Teater/Technicien;

Cuality Aesurance:
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DATA SHEET 5 - VEHICLE MAX SPEED

VEHICLE : 2005 VOLYD 5S40 2. 4I M HHTSA No. £55490Q Date: C4/25 05|
Ambient Temperature: 49°F Wind Velocity: 13(MPH)
Road PFC: .93 Wind Dirsctian: 152°

Ndometer: Start 345(ml) End 361{ri)

TEST WEIGHT: Total (Kg): LB15 Frent (Kg): 943 Rear (Kg): 672
ESTABLISH VEHICLE MAXIMUM SPEED
VEHICLE LOAD: LLVW IBT: H/A
GEAR: Drive DECEL RATE: N/A
PEDAL FORCE: N/A WHEEL LOCKUP: NfA
TEST SPEED: Megxinum attaineble from INTERVAL : N/A
2 standing start in 3.2 km.
1., Pallaat Vehicle to LLYW
2, Accelerate at & pexioum rate from a satanding atert
for a digtance of 3.2 km on 1 level surface.
3. Repeat in vppoaite direction.
4. Record apaed attsined la sach direction sred use the
average of the two rups.
MAX SPEED {km/h) Tims
DIRECTION 0~ 100 XPH
Yisual Recordad {meaonda)
Run Neo. 1 Snuth 203.6 kph 202.7 12.123
Run Re. 2 Forth 211 kph 211.7 11.00

AVERAGE =207 .2 km/h

COMMENTS: INV DATA, Sactien 0001, 04726705, 09:04:40

- / ke e i .
) R R Dntt:m
KARIH AR TRIMY -

Tester /Techn e AR = e op e
Quality Aasurance: M
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DIAC REAKE MO ADFTETHENT
DI Ekhrt MO AGTHSTWEANT

Tl {1} 0§ ]

OPFioR¥: EAREN BANTARDAY
RegaTdsd Daky Frocgkesd by, CEDCE TERKINE
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REQUIKED
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ERQUIRED .
LEODIRED.
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VEHICLE: 2005 Volvo S40 2.4] M

- DATA SHEET 30 (Part 1 of )
6.0 Test Completion Inspeaction (7.17)

NHTSA NO.: C55800 DATE: 05/10/05
System Intagrity (S5.6)

Each vehicle shall meat the complete performanca raquiremants of his standard without;

{a} Detachment or frackure of any compenant of the braking systam such ms brake springs and brake shoes or disc
ped facings, ofhar than minor cracks, that do not Impeir attachment of tha friction facings.
components of the braking system shall ba intact and funetional. Friction facing tearout {compiste detachmant of

Iining) shall not exceed 10 percani of the lining on any single frictional element.

{b} Arry visible brake fluid or lutwicant on the friction surfage of the brake or Ibakage at the master cyllndsr or brake
powar unit resenir cover, ssal, and filler openings.

Friction Matarial Condition: Friction Material Condition:
Primaryfinner Secondary/Duter
LF Nomal Appearance & Color LF Nomal Appearance & Color
RF Normal Appearance & Color RF Normal Appearance & Color
LR | Normal Appearance & Color LF | Nommal Appearance & Color
Fﬁﬁ Normal Appearancs & Color AR~ [Normal Appearance & Color
Drum (or Rotor) Condition: Brake FluldLubricant Inside Brolms:
— LF | Norma) Appearance & Golor LF Minor we?ping —jﬁr;tnn seal. |
RF Normal Appearance & Color RF None
LR MNormal Appearance & Color LR None
AR [Normal Appearance & Color AR |None
Hydraulle Compaonernt Conditlon: Machanical Companent Condithon:
[F |Good - BriPedal | Good )
RF Good Fower Brk | Good
LR Good Stop/Lamp | Good
AR Good Unkage | Good
MGy |Good Other  [NA

COMPLIANCE: Yes X No
Comments: None,

Technician:_K. Easterday

All machanical
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DATA SHEET 30 (Part 2 of 5)
TEST COMPLETION INSPECTION {$7.17)

VEHICLE: 2005 Volvo S40 2 4] M; NHTSA NC.: C55900; GVWR: 1960 kg
MASTER CYLINDER RESERVOIR:

P —
DATE onDans Raquinemants Paax Fall
_— L |
Rasarvolt Compartments (36.4.1)
(1] Doas maatsr cyfndor have & reserlr S | Madlar oyfinder shall have a racersolr H
oompariment for ssach brakos subayeiam? gomparimant for each subsystem.
Na
12] Doas ks of Tld in 609 COMPEnment result You | Loss ol fuld ram ohe coimparirnent abad X
Ihmmmmmmnﬂ not case complsta josa from another
compartment.
.
v
Ryasrvoir Capacily (55.4.2)
?hull confanm o Iequissmaents [1) or (23, st unbia:
g A e el QT 0 L B e I LR e
T " T S T LT AT S
Gubsyatem ressrvoir capaoity mHniTAT oty mralnnt o the flud

displacoment muullhu whan al whesd

nompartm
*om a new Ining, fuly relracted position bo
& Tully wom, propary diusiad, Tully applied

{Lhas Datn Shest 31 and Appendix 1A}

Subsysten 1
Ruld shaplacad from now o weern [ning

Bubgysern 2 NA NA
Subsysiom resarvoir capeciiy

Subéyiiem 2
Flud displpced from new to wom fining

— RS
ﬂhmhﬁhﬂamﬁndhmkﬁmmmammmmmmm

Total mihenum capacity for the antima master Stall hava fotal minimom capacky for enfim | X
cylinider resarvolr {IncRadne Ind ividusl s reaarvolr for dieplacament resulting from all
compartnant Nea s, mt subsysiern  wheal cyinders or callpar
positions moving frem new ining to full wem
condiion ae above.
[ Fluld ciaplacad from new it worm Frings
(ALL Inings)
1426
*Walus gaiculated fom Dats Sheet 31 ml*

Comments: None

27
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DATA SHEET 30 (Part 3 of 5)
TEST COMPLETION INSPECTION {57.18)
VEHICLE: 2005 Volvo S40 2.41 M; NHTSA NO.: CHS000:  GVWR: 1960 kg
MASTER CYLINDER RESERVOIR: "
DATE DEDEAE Pl i remaei Pasa Fall
Masbat Clirdar Piston Deglacomant{B5.4.2) [ Common Asdenoir Supply - continwed from previaus paps)
[ Flukd dwpiacad by Wwee sirokes of master | 24 mi Incdbuidus Fa"rlhl compantmants of resenalr —
oylindsr plston for Prmary (Subsyatem Mo, 1) shal sach have a minimuam of Huld squat
¥ at leasi the vauma dicplacad by the
mastar  cyindar  piston  sevdaing  ihe
subsyetam duing & Rl siroke of the
plston,
NOTE: Procodure usos three strokss to
| BOAUNS AN ACCUMRDE MSaalINTWT.
Flud displaced by thres sirokes of magter 24 ml
cylindar piston for Sacondary {Subsyatem No.
j;Iu*lcl cisplacad pe atioke, PHMay am
[ Huls tispracad per shoka, Soconcely B mil
Fukl avellabie in pertial compartment mm X
Suksyetem Mo. 1
Fluid avaliabie in partal pompartment 80 mi X
Subsystam No, 2
Braka Pows Lintl Resbrvolr (55.4.2)
A ' . l"."l'.'. -.i.-':l AWl " ":' :'-1."- T R u-f l. -'l?l'r':--",- LH LB O ] ':'.'- P '.-:-.
anuun-uurmrn NOMal CRRIhNg proesurs pius dieplacenant mequired  to nhnrgn the
whaal cyiinder or caliper piston displacament. fykiam pigions on accumulxons 1o nemnal
opomating prassure pue dipplacenment when 3
whes! cyindara or caliper plalpns move
o newr ining to Rl wom condion as
ILW. ol
Fesarvolr Labeling {S5.4.3)
Exatcopy Of reEarvolr e Labal ahall read: Weming, Giean MIercap | X
Onmtnrwllndnrmnrnircap ﬂﬁﬂﬂjﬂﬂ. before rvmeoving; use only * Aukl fiom a
'Fludtypalpaﬁiadmﬁﬂm Er1.118
Leaaura latier heighd 3.2mm hm;ummubuumumwmw »
I..Hﬂ:ﬂl‘hﬂ shal ba pumu'w\iy aftbeod, | X
angraved or smbossad and located <o an
o be vislble by diract view either on o
within 100 mm/3.84 inches of the brake
fiuld resenvorr ller plug or cap.
Dioes Ha letiering contast wih the Yes | Il lebel m not engeved or embossad, | X
backgourd Iwtinre shall be of a color thet contrasts with
tha bank:ground
s |
Comments: Nong
Technician: K. Easterday
28
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DATA SHEET 30 (Part 4 of 5)
TEST COMPLETION INSPECTION (S7.18)
VEHICLE: 2005 Volvo S40 2 41 M; NMTSA NO.: C55000:  DATE: 04/29/05
BRAKE SYSTEM WARNING INDICATOR (S5.5

REQINREUVENTE

(Sl and Fy=iems check)

nmmmmmmww |aﬂmhmmmmmd|x |
-.'.u_-. n‘ ’lrd-l 1'||'“ +|ﬂ. -.-t-..-

- e T AL U L L A LI LR 1
IOM‘HUN? -wmmmmmmlmm
ignition  betwaon “on” mnd “start™ K Is
menulacturer chack poslion:- OF -alngle

aoCaeck (B5.5.2)

rrgarunl escclion by drivar

Doas lmmp light with ignition betwesn ON and Yoo

Start?

| Brake check descripfion b owner's ranual? Yos Manutacturar shall asplaf the Dake | X
check hincfion teet procedura In the
CANIET'S MAMA|,

Brakm Sywiem Warning Widicator ACTIVATION {55.5.11 DURATION (33537 FUNCTKON (55.65.4]

i e i & AP ——nmﬁ
CONDITION Light O3 REGHNREMENT T"Figa | FaL

A. In pvant ol hydmulic laak NA When ignilon (Siar] swilch is DM, lamp | X

{1 On or bekre appearance of pressura muat Bght whenaver (A), (B3, (G, or (D}

ciflerantiad of 218 psl (aplit syeiem) ooours, I addilion, ¥ service bigke
Byatem 8 nol a apit syatem, aidble
wating must be activeboed whah ony
condition In (A} codsts. Vieuwl waming
ndicator for non-apll evabems must be
flaskhing.

[zllfwmvnirfnhhnlmdﬂmw You

W rat b .." JH 0Lt T e

"3 ."-' S T Ll e ERD .

mmlh]hhﬁﬂ%

B. Elexcirical functiond fallum in en antliock o | Yes X

vafable biaks propation g syssrn,

G, Applcation of the patking braksa, Yus

D. Brake lring waar-out ¥ optical wiumang NA

Must heve Aucliobe warn if nol Spit ewtem NA

and B condifion in {a} ebovo axieta?

If cpndilian (A (2} above dose nal s, then | NA
et reaetvolr must e trenaparent for fid
check without the nead for reaoroir 10 De
opened? (35.4.4)

Indicaky laimges remain activated o long 29 | Yea
condition sadsts - ignition o™, and ngina on

orofft _ . {S6.5.3 DURATION))
Vigual weming — continuous or Saehing? Yas-Cand.
Auditie walhing ~conlinuoue of flashing? N/A

Comments: The vehicle possesses an additional infonmation display that states the type of
failure - located In the upper-canter of tha instrument clustsr.

Technician: K, Easterday
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DATA SHEET 30 (Part 5 of 5)
TEST COMPLETION INSPECTION (S7.18)

VEHICLE: 2008 Volvo S40 2.41 M; NHTSA NO.: 255800,
BRAKE SYSTEM WARNING INDICATOR LABELING (85.5.5)

DATE: 04/28/05

CONCHTION AND HEQUIREMENT

ANGWER
HOTE: Standard requires Shat

Ane visual indlzator |egible 1 drivar in daylight and reghtinne
corditons whan sctivated?

ﬂummmﬂh‘r!ﬂ
You

PAGS

FAIL

Are visual indlcator words 3.2 rran [.125=] higdhy e # Yo3
Facord Height: “Bmkea” - m "ABS" .&E.m
Ys

Yizual indlcator words nndbammmm ol of

ool sysierm, b Tare ono braks Indicator? Tyes. does a6y T
word "Brake™ Wonk "BRAKE",

Yau

Il'nntapllt wyntem; hs thore a scparate indicator for losa of fluid or
Avid pregaure? Does this indicator say “Sep-Brake Falure'? Ame
the letters block and nol Inse iran 4.4 mm (257 in heigt?
Record lather

NA,

i scparate indiceuor for:

1. Low beakoa MUk per S8.5.1(a} 1), doas ndicator say “Trake
ﬂ?ﬂ ROTE: not raguined for mineral of sysinm

2, Gmas pressum kosa g 86 5. 1{8H2}, does Indicator

say "Brake Prazgure™?

Record wording

3. Elacrical funotiorsl Malune i amikock or varfable propoianing
systam pat B5.5.1(h), Iwiters and background comrasting oolars
ana of which s veliow? Record colons__Long - Black, Latens -
Banbor o yelloN

Coas Incloaior say “Antlook™ or “ABS" or “Hrake Proporioning™?
Fecard wording, "ARS"

4. Parking braka per §5.5.1(c), dosa mdicatr aay “Park” or
“Parkky) Braka™?

Record werding _TPARK BRAKE™

5. Braka lining waar-oul por £5.E. 1{d], doea indicator say ‘Brake
Wear?

FRecord wording A
4. For any other fnction? I yves,
Fecom NA

NA

MA

Yas

Yex

Comments: The vehicle possesses an additional information display that states the type

of failure — located in the uppar-centsr of the instrument cluster.

Technician:_K. Easterday
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DATA SHEET 31 (Part 1 of 2)
CALCULATION OF MINIMUM RESERVOIR VOLUME REQUIREMENTS

VEHICLE: 2005 Valvo 540 2.41 Mi NHTSA NO.: C55000; DATE: 05/03/05
REAKE HNING
THICKNESS
AN TOFIALY
LOCATION TYPE DESCREPTION THICKKESS WORN (1) iy

Lett Front Grum Caading Frelest 11.63mm | 2mm
Primary Foot Teat 10.82 mm
Inoard X A 081 mm

Che X Tealing Frotest 11.53mm | 2mm
" Becondary Fost Test 10.54 mm
Chionard X A 0,93 mm

LINING CLEARRNCE: | Ciamelnical {21 WA Inboard - 0.1 mm. Outboard — 0.7 mm.

WHEEL CYLINGEN DIAMETEF (3] N

CALIPEA PISTEA DIAMETER [3): GEA2 rmm pol pREny.

[F24] AEAR - TOF OF AVET HEALS - Nfk
FRONT - 1732 INCH — N/A

Ei:lf'.' e LARETES N, PR B R Nl Y I T LR L VL BN \
Right Rsar Drum Leading Fretgst 1077 mm | 2mm
~Primary Fost Test 975 mm
Inboard X A t.02min
Do X Tralling Frotesl 1033 mm | £ mm
Sacondary Fosi Yest  8.88 mm
Outcard X A 043 mm
[1]] T Blameincal (2) A Inboard - 0-1 mm. Cufboard — 0.1 mm.
WHEEL CYLi WOEF DIAMETER (3): NIA CALIPER PISTON DIAMETER £Ar 37 92 mm (x1 pieton).
| SHOE GAGE DIAMETER [4): NiA CENTER PONNT OF FRAKE ASSY T CENTER PT. OE V.0 TUA |
CIRCUIT #1 F-X iR RF AR~ X
CONSISTS OF: ) _
CIRGUIT 2 LF 1R-X RF—X AR
CONSIBTSOF: | _ _
K] MEFS. RECOMMENCATIONS — 2.0 tm, Front and Feer,

MFAS. DATA - 0.1 mm, Front and Bear.

(2) DR\ BRAKES, MEASLURED AT HOALZONTAL CENTERLINE; NrA.

T

Commao~: Maqwiasiu

(4) RESET POSITION: NA.

Lining Thickness — 10.6 mm.
Techniclan: K, Casterday

(&) MERS. DATA: Front —- 57 mm; Hear — 38 mm.

= RURPA o

rer s duta upfrcl‘i::n!.crr:ﬁ: Mea: FramtLrng T2 cknosy

31
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DATA SHEET 31 - SECTION CONTINUED (Part 2 of 2)

Vehicle: 2005 Volve $40 2.4 M; NHTSA No.: C55800; Date: 05/ 7/05
Procedure and Example for Detarméning Master Cylinder Volume Requiremant

The procedure followed for determining the minimum volume requirements is outlined in the example
shown below. The requirad data is taken from the previcus page.

DISC BRAKES

Valume Requirad, V, = (At + 1, + Al + 1) X [ (D2))/4, where —

Vr=
At =
=
o=
b=
C=

Volume required par whael
Changs in thickness (average}
Inboeard

Outboard

Callper cyfinder diamster
Avavage dearanca

Using the above equations, the wvolume requirements for Subsystem No. 1 (LR, AR) and
Subsystem Ne. 2 {RF, LA) were calculated utilizing measured and mgnyfacturer’s provided data to
create the greatest displacement, as shown bedow:

Disc Brake: V. = (Ab+1y + Al +1y) x =D?
{Front) 4
A, = 10mm
At, = 10mm
tic + tec = 0.2 MM
D = 57mm
V: = (10+0.1+10+0.1) z(57)°
4
= 20.2 (2551.76)
= 515455 mm®=51.6ml
Disc Braka: V. = (Ah+f, + Aty +t) ¥ xD?
{(Rear) 4
At = &77mm
A, = 886mm
o+t = 0.2 mm
D = 38mm
Ve =

(8.77 + 0.1 + BB + 0.1) n (38)°
4

17.37 (1134.11)
19699.58 mm® = 19.7 ml

i

For System 1 (LF, RR)
Vi = 51546 mm.® + 19700 mm.* = 71246 mm.®
Vi = 71246 mm® = (71.2 ml)
For Systemn 2 {RF, LR)
Vi = Vi
Vg = 71246 mm® = (71.2 ml)
TOTAL VOLUME REQUIRED = V, = Vi + Vi = 142492 mme = 1425 mI*

32
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7.0 INSTRUMENT CALIBRATION (12 MONTH MAXIMUM INTERVAL)

35

VEHICLE: 2005 Volvo S40 2.41 Mi NHTSA NO.: CS  DATE:
INSTRUMENT SERIAL NUMBER CALIBRATION DATE NEXT CALIBRATYON
Data Acquisition Systemn - Link DAS 2030 975016 02128104 08/30/08
Computer - Dell Lathude/Link Engrg- TRC-43207 Not Applicable Not Applicable
Software - Link Engrg. Rev Data TRAC Prapr. NA NA
LF Tarque Whael Not Utlized
AF Torque Wheel Not Utllized
LR Temua Wheet MNat Litilzed
‘AR Torque Wheel Not Utiized
Stopwatch — Acouspit SW ST03 07/16/04 07/16/05
Tira Pressure Gauges — Dil AG-034 D4/27104 D476
Valtage Multimater — Dana 4300 M-108639 0207105 D207 /06
Pedal Farce Transducer — Sensor Deval. LC-169755 Each Test Each Test
Asat. Pipe-Handla Ster! Weights - Ohsaus LB-0002 0R/22/04 DB8/22/05
Park Brake Forca Transducer — Intesface H7el Each Test Each Test
LF Hydraulic Pressure Transducer Nt Utilized
AF Hydraulic Pressiire 1 ransducar Nt Utiized
LR Hydraullc Pressure Transducer Not LtEzed
HA Hydrauic Pressure Transducer Not Utikzed
Accalaromeler - Setra (+ or — 15 g) 141A | A-1055763 Each Test Each Test
Fifth Wheel — ADAT DSR-06 Radar 140.0119 Each Test Each Test
Wind Velochy/Direct. — Davia Model 841C | 041008N03 1172304 11/23/05
Ambient Temp. Gage-Davis Model 8150C| BI0B10AD 11/23/04 11723005
Iu DIty - T oR el 4 - "E'-'-F'-ii"l' o | The. SHPEL | Lo Togeew! ~. """ Lo L. |
THE Reand 176180 i - - 657G L~ S A Fooolusio, ra 1 relaen
| fead TR - TR IR 140 G2 T I Eu Tomla L me | FA “elan, m< .r
AR Brake Themnocoupls - TemprelLink | 152-0D-24K Ea. Test wiLink Ea. Test wiLink
Lock-up Datection System TAC Propr. Each Test Each Test
Vehicle Weight — Toledo/Mettier Scales SN 5225831- 02/06/05 05/06/05
CJAGXTRFMC 2000000 BT - Tslg 1 !
"GJA. TY AGS JFANCE .
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Accalarcmetsr

Light beam  Drive from O to 100 to § kmviy

distance sensor

DAILY CALIBRATIONS (1 of 3)

Vahide: 2005 Volvo S402.4 M

Levad o zanq, than tit to
full 2czte

on 8 measured kllemetar

NHTSA No.: CE5800

Decelaration Callbration Cats for Unit 5255
Dasirad full seala vaiue Is; 9.81 misfs
Allowed devigtion Ig; + or - (.15 més/s

"Date* Tame" Zéro Cal
- *sip" "sip” *Decel” | "Decal”
4f25/2005] 9:22:32 0.02] 9.81|PRE-TEST CAL.
A/26/2005] 8:41:39 0.01] 979
A/28/2005] B:18:03 0.02] 978
A/28/2005] 15:22:08 D.04] 973
4729/2005 8:45:07 0.03] 8.86
4/29/2005] 16:04:58| 0.05| 9.83
§2/2005] 9.03:02 0.00] 8.78
52/2008] 15.20:44 0.00] 9.81
SA2005! 10:40:07 -0.03] 98.79
5/3/2005| 11:29:28 0.02] 9.82
420050 11:08:38 0.00] 9.81|POST-TEST CAL.,
Pre-Test Linearily Check 0472505
0.0 ()
a3l 3.4
6.1 8.1
9.8 g8
Paxt-Test Linearty Chack 0570305
Actual imfefc) Aac. !nmz
0.0 0.0
ag 3.0
6.1 g1
88 8.8
Distanca Calibration Data for Unit 5355
Desired full scale value is: 1000 m
Alowsd desiation is: 3 m
"Date" Time" | Distance for
“sip” “sip” 1000 msters|
4f28£2005] 13:51:18 1000.2|PRE-TEST CAL
A426/2005]  B8:56:32 999.5
4/28/2005  8:30:11 997.7
Af28/2006] 15:28:23 8871
4/20/2005]  8:51:00| 808.1
4/29/2005] 16:10:30 806.6
52/2005¢ 51059 997.2
srepo0s] 15:26:29] oa7.0
&3/2005] 10:44:38 997.5
5/3/2005] 11:36:59 287 4|POST-TEST CAL
56
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Wheel lock
detactar

Sarvice bric.

DAILY CALIBRATIONS CONTINUEE (2 of 3}

VEHICLE: 2005 Volvo 540 2.4 M NHTSA No.: C55800

Wheal Tachometer Callbrations for Unit 5356
Wheel tachameter caibraiicna: al wheel speeds should ba 15 kmih

“Date’ | “Tuna' | Zoro | €18kh] Zerm | € 15kmh] 2aw | @15k | 28 |6 15kmn
a& LF LF RF RF LA LA [ RR
While at a m Baa28| 01| 168 0.0 B8] 04 180 Gd]  16.3|PAE-TEST CAL.
mancsll, | 4282005] 15:25:00)  0.0] 167] 00| 160 0.0 188] O 17.8|
check zeros. | 4/28/200581  B:50:08| 0.0 165] 0.0 15,6 0.0| 15.7] O 16.2
Drive vahiclal 15:0721] 0.0 17.8] Q8 i6.0] 0.0 17 0.0 12.0
atopprex. |  SA/2006) Br06:18l DO 13%' 0.0 157] 00l 73 00 17.0
15kmmand] S2P005) 152844 0.0 1781 00| 164] ad] 185) 04 1B.7]
sngage zara]  BA32006) 1048:567F 0.0 1804 0.0 16.7]  ©.0] 181 n.g 171
apead swhch| 52005 11:3145} 0.1 17.3] -0 163| 00]  188] O 16.6|POST-TEST CAL
fiar each
wheol

When driven owa 15 Kmit and tha wheal tach ganonalon: sng ehintad to zeio valts, doas the graphical soresa ndicats wheeal Kk

al sach whesl posttion?; _ X _ Yea,

Mo,

Mota: The whes! tach catbrations did not occur untll after the Bumish was comphote.

Clrivat

Padal Force Maeter Calbration far Unk 5355
Tarpat shunt callbraton Le 388 N

Desinad moorded vale i 388 N
Deared recondad aciual torce colomion check valus Is; 4568 N
Allowed devistion |s: 8.5 N




I |

SRR |
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DAILY CALIBRATIONS CONTINUED (3 of 3)

YEHICLE: 2005 Valva 540 2.41 M NHTEA No. C55800
Chmamic Speed Calibration for Linit 5355

Deasirad spead value is; 100 km/
Alipwead deviation Is: 1.6 km/Mh

Dasired time valus ks: 36 seconds
Allowad deviation is: + of - 0.6 seconds

"Data’ Time" | “Spesd”| Time"

Light beem  Drive vehicle ; , 88 |PRE-TEST CAL
gpead sensor  atnsteady |  4/2672005{ 8:54:30| 10011 36.31
100 km/h 4/28/2005| B:28.18 100.2| 3625

through a A28/2005] 15:27:12 100.2] 35.21

kilorneter. 4/29/2005]  8:48:20| 100.2] 36.12

4/29/2005] 18:09.24 100.3| 36.08
S2005| 90205 100.3| 38.08
22005 15:24:33 D1.8] 38.18
5/3/2005| 10:42:36| 100,5| 3580
S312005] 11:33:53 100.6]| 36.12 |POST-TEST CAL
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APPENDIX A
Copy of Manufacturer's Sticker
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APPENDIX B

Discussion on Data
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DISCUSSION ON DATA

4 - 4 Wheel G - Oroan
X -  Skd 5Q - Squeal
L - Left SQK - Squeak
R - Righ PO - Pinchow
R - Rear P - Puli
F - Fromt R - Shodder
B - Both M +  Momentary
INTor INIT - Initial Part of Stop
MID - Middle of Stop
END - End of Stop

All stops wenre made manually.
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Deceleration {State FPSPS)
Pedal oa Floor
Shos Scraps



AFPENDIX C

Contractor's Commerits
Procedure Maodifications
aind
Test Facility



Comments for vehicle C55900.

For al! recorded decelerations:

The recorded average deceleration valees for the tests are slightly lower than that which is required or
targeted for certain test sections. However, in all casez and in readity, the driver maintained the comrect
required/target deceleration values for the majority of time for each of those stops. The recorded
deceleration ie acquired from the moment the service brake pedal is moved until the vehicle reaches zero
speed. Therefore, the time needed to achieve the target deceleration (rise time) and the time the vehicle
goes from the target deceleration to zere (fall time) is included m the average deceleration calculation.
The rise and fall times were added to the entire length of the stops. Hence the recorded average
decelaration values were generally and slighdy less than the required/targer deceleration values.

For Data Sheets 16 & 22 — Antilock Functional Failure at LLVW and GVWR, respectively, the ABS and
the Electronic Brake Distribution {EBD) are integral. Failing the ABS also fails the EBD. The EBD
cannot be failed separately. The vehicle does not posses any foros of vatiable proportioning, Therefore,
Data Sheets 17 and 23 are not ingladed.

For Data Sheets 20 and 21, the Hydraulic Circuit Frilures, the tests were performed in the following
order: Data Sheet 21 and 20. This was due to the difficult accessibikity of accessing the master cylinder

Butpiit ports.

Due to the master cylinder’s design, the lab was unable to safzly disagsemble it in order to measure the
piston(s) diameters. For documentation, the mmmber engraved on the master cylinder’s forwand facing
end wasg: 152Wd. The manofachuer's respemse stated both the Primnary and Secoodary master cylinder
pistons were 23.81 mm.

The test vehicle possesses an electric pump that provides yacuum to the brake booster. The hose from
this electric vacuum putnp to the brake booster was disconnected and sealed wo simulate Inoperative
Brake Power Assist Unit. Also, performed 10 static applications of the service brake to deplete reserve.

During the “Heating Snubs”, snubs six through 11, the driver experienced difficulties with the
instrumentation, which were repaired, “on-the-fly”. This resnlted in some errant time intervals.
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1.5-MILE TEST TRACK

The 7.5-mile test track epcloses a 1,600-acre ar=a, one mile wide ard 3.5 milzs long,

The track has a downward grade, north to south, of 0.228 percent and a cross slope in the staightaways
of 3/16 inch per foot. The 1.88 mile long straightaways flow into transition areas 2,300 feet in langth and
then into 5.275-foot lang curves with a constant radius of 2,400 feet. The 34-foot wide straightaways and
the 42-foot wide curves provide thiee test lanes, Paved berms, 12 Teet in width, border the straightaways
and the inside of the curves.,

As 3 vehicle moves toward the outside of the track in the curves, it encounters a progressively steeper
bank. The inside lane (or "slow" lane) has 2 bank of 10 degrees allowing a neutrsl speed of 80 tph with
no side forces. In the center lans, the slope increases to 19 degrees resulting in o neutral speed of 110
mph. The outside lane's 28-dagree bank allows a 140 mph neutral speed. Rimming the outer lane iy a
seven-foot safety lane culminating in a 36-degree slope at the guardrail.

The facility fs paved with Portland cement concrete. It carries a maximom single axle load of 36,000
pounds and a maximom tandem axle load weight of 43,000 pounds. Special provisions can be made for
heavier weight loads.

With 22.5 lane miles, our track will accommodate many vehicles simultaneously. Research which
ntilizes the track includes component performance and durability studies, brake tests, aerodynamic
studies, fuel economy stedies, drive line efficiency tests, and the determination of vehicular acceleration
and cruise chamacteristics. In addition, it supports maximum specd determination, road [oad powet, noise
end emission measurements and tire durability test programs.

The 7.5-mile test track can be used in conjuaction with other facilities at TRC. It provides an excellent
area Tor pee-lest comditioning of equipment such as brake burnishing, tire break-in, and vehicle warm-up.
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IRC SKID PAD

‘The Skid Pad is a test facility which is utilized primarily for the evaluation of tire and brake systems.

The gverall dimensions of the pad are 9,000 feet by 84 feet with 1oops on the porth and south ends. Both
turnarood loops have a 309-foot radlus and are 16 feet wide with a 25 percent super elevation. They
will accommedate speeds of 45 mph with zero side force and 60 mph with .5 g’ lateral acceleration. The
acceleration/deceleration lanes at each end are 3,280 fect in length.

A test area of 210,000 square feet is situaied in the center of the skid pad containing several test pads
with varying surface textures. Skid nutnbers in this ares range from 30 {wet) to 80 {dry).

The skid pad is paved with Portland cement. The load capacity of the skad pad is 36,000 pounds
maximum single axle weight and 48,000 pounds maximum tandem axle weight,

Varying surface texturee in the maic test area are ideal for testing tire andfor brake system performance

on different surfaces ag characterized by "skid numbers.” The skid pad is also used for acceleration
studies, azrodynamics, rolling resistance, noise testing, and vehicle top speed determination.
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APPENDIX I
Natice of Possible Non-Compliance
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This vehicle (C55900) met the requiraments of the FMVSS 135 standard.
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