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APPENDIX A

DATA FROM TWELVE CAR SURVEY TEST PROGRAM
VEHICLE DISCRIPTIONS AND DATA SUMMERIES.
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o, . " " VEHICLE INFORMATION SHEET
Vehicles Maker CHEVETTE WMTSA No. | —
" Models _2 PR SEOMy GWR: __ 2750
""\ B Moded Year: -/ 904 Manufacture Date: 07/ 76
. - VI lNa/FOSE6Y 227/ 2%  wheelbase: f‘/..?//}’
o _ Enginc Type: 4 cly Dlsplaccmntzlqg“;-?ﬂpx 60
"Engine 1dle Spced: — ' Engine 'rim.ing: —
.. - Transmission: Type: /¥ 79  speeds: 7
. . " No. of Axles: 2 Ratio(s) —
| .7 GMR: Front: /299 Rear: - /457
ﬂ.‘xeu .. Size: P/38/50 D17 Mfr: [ UODYENR
Syper 2 PLY poLYEITER A, LuLTons G5
c ~":_ ‘Recommended Pressure at GWWR: 27 psi front
[ * X - - ’ - 27 pat rear
Brakes: Front: ( ) brum ‘/) Disc Diam:
,. ‘(. } Bonded ( ) Riveted. . ;
‘Friction Surface Width: __ length:
. Rears ( 1/) brum () Disc Diam:
: © 7 TUC )bonded () Rivetea
' ft!ctlon Surface Width: Lengths
. . Variable Proportioning System: Yes No L
| ‘Brake Power )\.«misﬁ Unit: Yes No _ L
- Brak.c Power Unit w/Accumulatof:ch No C °.
- Power Assist or éower Unit : . .
. W/Backup: " . Yo _ Yo'
tte . Antiskid ocvlc;:x e Yes %o yal
" Parking Mcchanism: Hfr —
(scc dcflinition) : Yos No
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* VEMICLE INFORMATION SHEET .
Brakcs .
(contd)s Friction-type Parking Brake: Hand Operated ( )
. Foot Operated ()
* Monservice Drake Type Parking Brake: Hand Operated ( )
» Foot Operated ( )
. Kaster Cylinder Diamater:
;"_ Wheel Cylinder Diameters:
. Doscribe Hydraulic Circuit Splits
: 'j»rj}' ¥ill adjusters be locked out for this test serics?
Sl ges o __ L~
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" VEHWICLE INFORMATION SHEET

Vchicle: Makes />/A/7’ O MHTSA No.  —
‘Y Model: ST, WH GVWR: 7622
Model Year: /976 Manufacture Date; 2/76

Vol.Nos 6)‘/2)’2”?/'7}/ Wheelbase: 4. & /.
- Enginc Type: I/CZL Displacement: /‘/0///.7Hp: 92

"Engine Idle Speced: - Engine ‘rim-ing: —
Transmission: Type: 521/7’0 Speeds: 7
" Mo. of Axles: _ 2 Ratio(s) —

CAWR: Front: /)y 27 Rears - 2)%0

Tires:  size: U'QS’-—/_? Mfr: &0-’0)/1’/7[3
Cosypes L0 WL CVLTOM SPoly FSTER

Recommended Pressure at GVWR: -4 _’Z psi front
. .' ' - : - 2§ psi rear
Brakess Front: ( ) Drum ( i/) Disc Diam:

L ) Bonded ( ) Riveted
Friction Surface Width: Length:

Rears ‘/) Drum ¢{ | } Disc Diam:
- ( } Bonded ( ) Riveted
Friction Surface wWidth: Length:

Variable Proportioning System: Yes v No

Brake Power Assist Unit: Yes No L~

Brake Power Unit w/Accumulator:Yes No |l

Power Assist or Power Unit : .

w/Backup: Yos _ Yo v
- Antiskid Devico: ' Yes No v

Parking Mcchanism: Hfr -

{scc dcfinition) Yos No
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* VEHICLE INFORMATION SHEET
Brakes '
(contd)s Friction-type Parking Brake: Hand Opecrated ()4/
* - 4 Foot Operated ( )
. * Wonservice Drake Type Parking Brake: Hand Operated ( )
‘ ' Yoot Operated ( )
. Kaster Cylinder Diamater:
. , Whcel Cylinder Diameter:
. 4 ) Poscribe Hydraullc Circuit Split:
A FKowT /)P 177
"« Will adjusters be locked out for this test serics?
e Yes N v
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VYehicles

. VEHICLE INFORMATION SHEET
Makes j/VI C_LPEMLIN wtsA No.  —
nodelz 2 0/, SEINNV GWR: 75/
Hodel Year: © /G576 Manufacture Dates: _v_(_/_Zé
VN ALY CI72 Y98 wheelbases 96.0 ¥

_ Enginc Type: 6 CYL. Di:xplaccmntzzf?/ﬂf’l{p: 94~

"Engine Idle Spced: — Engine ‘rj,n{ing: —

- gransmission: Type: YT O _ Speeds: NS

" No. of Axles: 2 Ratio(s) —
CAWR: Front: 2076 Rear: - /87¢

ﬂ-tel 3

Brakes:

Rears ( )/) Drum  ( » ) Disc Diam:

Front: ( ) Drum ( ") biac Diems

sizes  6.98—=)Y wtes FIpLsTomE

typer DLELVXE Clipmpron 120 Ly ETTifRe

Recoomended Pressure at GVWWR: 24/ psi front

e rd psi rear |

& ) bonded () Riveted
" Friction Surface Width: Length:

( ) Bonded ( ) Riveted
. l;rlction Surface Widths Length:

~ Varlable Proportioning System: Yes » Ho ~
'Brake Power Assist Unit: Yes No L
Brakc Power Unit w/Accumulator:Yes ¥o L -
Power Assist or Power Unit L o
v/Backup: . Yas _No L~
.~ Antdiskid Device: ‘' Yes o L~
Parking Mcchanism: Hfr —
{sce definition) : Yas No

* ea



e, ® * 0
. N ) (] [
. ) .
N .
.‘-\ : .. . . ¢
'.\'.
* VEHICLE INFORMATION SHEET
Brekes '

(contd): Friction-type Parking Brake: Hand Operated ( ) '
. Foot Operated ( )
Monservice Bral‘:c': 'hjpe Parking Brake: Hand Operated ( )
. ‘ : Yoot Operated ( )
- Haster Cylinder Diamater:

Mheel Cylinder Diameter:

Lo ‘Désctibe Hydraulic Circuit Split:
L Fro ks f L7

': “-¥f{11 .adjusters be locked out for this test serics?
e Yes No -~
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~ ¢
. \ " .°VEMICLE INFORMATION SHEET
‘Vehicle: Makes N DV Y MMTSA No. |~
' Models 2 PR, SLPHNV cwr: Ybo¥
- $iode) Years © /974 Manufacture Dates _—?Qé
. VelNos /X20D biv) 55D 147 ¥heelbase: [/] 0 Iy
C _ Enginc Type: b cy{ Dpisplacement: 250 //V-?!{p: /DS/
.'l'.ngine Idle Spced: — °__ Enqgine ‘rim'ing: —
- fransmission: Type: // V7V  Speeds: 7
. . "No. of Axles: 2 Ratio(s) —
| - GAWR: Front: 2)72 Rears - 24772
t‘l_i'cat Size: FR-285-)% wtes Urv oo Y7L
Sypes S JrF) J2LLTED KHPINL .

" Reccamended Pressure at GWR: 27 psi front

" : L - ) '.22 psi rear-
Brakess Front: ( ) Drum  ( L) Disc Diam:

. ¢ ) Bonded ( ) Riveted '

friction Surface width: Length:

Rears ( L) brum ( ) Disc Diam:
| ( ) Bonded () Riveted
!;t!ction Surface Width: Length:

. L . Vaxiable Proportioning System: Yes v No

"'Brake Power Assist Unit: Yes - No [l
) Broke Power Unit w/Accumulator:Yes No
Pover Ass{st or Power Unit o -._‘ .
E v/Backup: . Yos _ Yo | 2
) « Antiskid Devices ' Yes N
O " Parking Mechanism: Hfr —
: {sco deflinition) Yas No
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" VEMICLE INFORMATION SHEET

Brekes
(contd)s Friction-type Parking Brake: Hand Operated ( )

. - Foot Operated (’,}/
' . f. Wonservice Drake Type Parking Brake: Hand Operated ( )

Yoot Operated ( )

- Haster Cylinder Diamater:

L ‘._ Wheel Cylinder Diameter:

e Describe Hydtaulic Circuit split:
ST Fronr/renn

. . #ill adjusters be locked out for this test series?
e © Yes No
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‘ . ' *VEMICLE INFORMATION SHEET |
Vohlcles Maker S C PRHLER MITSA No.
0 models 2 0K SLppN cwirs _HI775

Hodeld Year: - /906 Manufacture Date: /4 76
V.I.N.l/gé/75/77c.§27)5’77 Wheelbase: /0OO.0 /.
. Engine Type: 6 L. Displaccment:zygm’\?ﬂpz 95

"Engine ldle Spced: — Engine ‘rim.iuq: —

; - fransmission: Type: YV 7 O Speeds: 7
" No. of Axles: 2 Ratio(s) —_
CAWRs Front: 2)6¢ Rear; - 227Y

ﬂ.reu ~ Size: 6. 58 - /7 Mer: G ooD yiNy
" Sypes [LAW LN LUIHION 12D LY ST 577

Recommended Pressure at GVWR: 26 psi front

Brakes: Front: ( ) brum  ( V) Disc Diam:

€ ) Bonded ( ) Riveted
Friction Surface Width: Length:
" Rears ( L/) Drum ‘ ) Disc Diam:
"7 () Bonded () Riveted

" griction Surface Width: Length:

. Varfable Proportioning Syatem: Yes No L~
'Brake Power Assist Units Yes _ - o __ L~
Brake Power Unit w/Accumulator:Yes No
Power Assist or i’ounr Unit I B
. ¥/Backup: . Yos Yo -~
e - Antiskid Devicas ‘' Yes W
" parking Mcchanism: Her
(sco deflinition) : Yas No
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* VEHICLE INFORMATION SHEET
Brekes '

(contd): Friction-type Parking Brake: Hand Operated ( ).
AR - Foot Operated ( )
'_.ﬂonaervlco ﬁraie Type Parking Brake: Hand Operated ( )
N ‘ ) Yoot Operated ( )

- Master Cylinder Diamzter:

Wheel Cylinder Diameter:

.

4 Describe Hydraulic Circuit Split:
FRONT)RENR

'  ];‘ w11 adjusters be locked out for this test serics?

'f:i' Cem T - Yes No L~
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. VEHICLE INFORMATION SHEET
‘Vehicles Make: l/ D) VO 2 D)  mTSA No. C
O mkels Y2 SEoH CWR: LD

Model Years © /97 6 Manufacture Date: i‘_ZJ/
VI N VC 2998720592795 wheelbase:

. Engine Type: Y Cy/. pisplacement:’ Hps

"Engine ldle Spced: — ' Engine Tin{ing: -

: .‘runsmission: Type: JV Jo Speeds: 2 ?

" No. of Axles: A Ratio(s) —

'~ CGMAR: Front: idsd Rears -2 /) §0
Sires: Sizes /D4 - /Y wmir: _MIcHELINV
Sypes _ [P/ 17 L ' .

Recommended Pressure at GWWR: 24 psi front

B : o « 2% psi rear

Brakes:s Front: ( ) Drum ( L) Disc Diam:

' ¢ 1 Bonded ( ) Riveted '

. Friction Surface Width: __ Length:

Rears ( ) Drum ¢ V) Disc Diam:
"0 ¢ ) bonded { ) Riveted

Friction Surface Widths Lengths
- Variable Proportioning System: Yes v~ No

Brake Power Assist Unit: Yes v No

. Brake Power Unit w/Accumulator:Yes No | .
Power Assist or Power Unit : e .

, Vv/Backup: ' . Yes Yo g

) - Antiskid Devicos ' Yes W L7
Parking Mcchanismg Hfr —
(gce definition) Yas ¥No

[
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* VEHICLE INFORMATION SHEET
Brakes

(contd)s Friction-type Parking Brake: Hand Operated ( )
. Foot Operated ( )
* ¥onservice Druie Type Parking Brake: Hand Operated (Vf’
. . ) ¥oot Operated ( )
« Master Cylinder Diameter:

;‘A‘ ¥heel Cylinder Diameter:

" Pescribe Hydraulic Circuit Split:

TRINNELE SFPLIT

; o élll adjusters be locked out for this test serics?

. e .« /
.. N
T - Yes No
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. VEHICLE INFORMATION SHEET -
‘Vehicle:s Makes Mo 7/ (/7LD MUTSA No. = —
" Models 2P LPpr7 CovPr  owiR: SSTS Y

Kodel Year: © /) 976 Manufacture Dates //76
VXNt /KW b )50 5258 theelbase: /)b ¥
2
. Enginc Type: Y- § bpisplacements /00 /v. Hps /74

"gngine 1dle Speced: — Engine Tin;ing: —
: ’?tansmission: Type:. YT U0 Speeds: 7
" MO. of Axles: 2 Ratio(s) —
~ GMMR: Front: 2749 Rear: 2 852F%
ﬂé’eu ._ Sizes ERID=)S7 wges YN/ TOVY)
Sypes L TUEL LRELTED 1ppIpL

Recommended Pressure at GVWR: 2. psi front

. . : . 4 ' -15’psi:ear

. Brakes: Front: ( ) Drum ( V) Disc Diam:

%€ ) Bonded ( ) Riveted
| . Friction Surface Width: Length:
 Rears (v brum ¢ ) Disc Diam:
7 () Bonded () Rivetea

Friction Surface Widths Length:

" Variable Proportioning System: Yes +~  No

Brake Power Assist Unit: Yes ¥ No
* Brake Power Unit w/Accumulator:Yes No L~
Powver Assist or Power Unit . R L
_ ¥/Backup: . Yos _ No
* - Antiskld Devicai ' Yes %o v
Parking Mcchaniamg Hfr —
{sco definition) Yos No
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* VEHICLE INFORMATION SHEET .
Brakes ' '

(contd)s Friction-type Parking Brake: Hand Operated ( )

Foot Operated (
* Monservice DOrake Type Parking Brake: Hand Operated ( )

Foot Operated { )
. Haster Cylindcr Diameter:

. ': Wheel Cylinder Diameter:

Describe Hydraulic Circuit Split:

o /f/’.{)/y;f//lr’/m

" %111 adjusters be locked out for this test serics?
; .. - . Yes No l/ .
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~ . . VEHICLE INFORMATION SNEET
‘Vehicle: Maketr FLYMivvikH [Fv/’y %nfTSA No.  —
0 Modeds L Yy TEINy CVWR: __ 477370
Model Years ©_ /977 Manufacture Dates _?_ﬂé
VXN X/ YINIA )G 50 Y  Vheelbase: _// 0. ¥
... Enginc Type: V -y Displacement: jéﬂlﬂjl{p: /53/

"Engine 1dle Speced: ~ Engine ‘rim.ing: —
: "rransmission: Type: ﬁl/fo Speeds: J
' No. of Axless 2 Ratio(s) —
. CMR: Front: 2 558 Rear: 2 5 Y5
ﬂ'teu . Sizes GR o =18 wees (P OODVEIR
' | Sypes (L V/Tom STEELEHRD .

Recommended Pressure at GWR: 2 & psi froat

' B - : '-_,25 psi rear
Brakes: Front: ( ) brum ¢ V) Disc Diam:

L ) Bonded { ) Riveted
' Friction Surface Hidth: Length:
| Rear: ( L) Drum .)Dlsc Diam:
"7 () bonded () Riveted

i‘rlction Surface HWidth: Length:

- Varfable Proportioning System: Yes L~  No )
‘Brake Power Assist Unit: Yes +— No
* Brake Power Unit w/Accumulator:Ycs No Ll
- Power Assist or Power Unit : S -‘_‘ e
: v/Backup: . Yos ___ Yo
‘. Aotiskid Devicos * Yes o LT
i _Parking Mcchaniam: ' Wer —
{gco deflinition) Yos No

‘ ee
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* VEHICLE INFORMATION SHEET
Brakes
(contd)s Friction-type Parking Brake: Hand Operated ()
. . ' . Foot Operated M/
* ¥onservica Drake Type Parking Brake: Hand Opcrated ( )
Foot Operated ( )
. Haster Cylinder Diamater:
. Wheel Cylinder Diameter:
Désctlbe Hydraulic Circuit Split:
_ Epfes 7/, RN
A 4
#ill adjusters be locked out for this test serics?
T . Yes wo v
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\*“a . VEMICLE INFORMATION SUEET |
Yehicles Make: £ 0/20) T0/IMb Nﬂ‘rSA No.
T Modeds Y DR SEPIN GwWR: _ 475579
Kodel Year: -+ /9706 Manufacture Dates j_/zé

VN b2 S b72 857 Wheelbase: Z/ . 0w
. Enginc Type: V-5 Displaccment:?f//’”?l{p: /8y

"Engine 1dle Speced: —__ Engine Timing:
- .. - Transmission: Type: V7O speeds: 7
B ) .lto. of Axles: 2 Ratio(s) —
© GAMR: Front: __ PP/ f Rears -2 955)
ﬂl..'eu ‘_ Sizes f//?" 8- )Y wers UM/ /7D Y]
. Cwypes ST LLL RULTED. 12905 L .

.« Becommended Pressure at GWR: 2%/ psi front
L e - 2% psi rear
Brakes: Front: ( ) brum  ( ©°) Disc Diam:

€ ) Bonded () Riveted
" Friction Surface Width: Length:

Rears ( l/) Drum ' ) Disc Diam:
| ¢ ) Bonded ( ) Riveted <
Friction Surface Widths Length:

. Variable Proportioning System: Yes L~ HNo

Brake Power Assist Units: Yes L~ o
- Brake Power Unit w/Accumulator:Yes No <
Pover Assist or Power Unit oo
. v/Backup: N . Yas N
"0 - Antlskid bevicar ‘' yes w0 L7
. Parking Mechanismg Hfr
{sco dcfinition) Yas No

* e
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Brakes

{(contd): Friction-type Parking Brake: Hand Opcrated ( )'
T Foot Operated ( )
¥onservice Drai:e wpé Parking Brake: Hand Operated ( )
' . . Foot Operated ( )

- Haster Cylinder Diamater:

.. W¥hecel Cylinder Diameter:

Doscribe Hydraulic Circuit Split:

Epens/ pi s

*111 adjusters be locked out for this test serics?
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. . VEHICLE INFORMATION SHEET
Vehicles Makes [PVIC)S ) ESNIRE wvutsa wo. | —
' Models 2 DR SEDNNy CWR: 6 /YD
Hodel Year: © /5706 Manufacture Date: ;71_76
VolNet P8 954151673557 Wmeolbase: )2 % /w
. Enginc Type: V-5 bpisplacement: PS5V /”'ij: /J:(/

"Engine ldle Spced: — _ Engine 'rixn.inq: —
"4 . - fransmission: Type: d Y7V  sSpeeds: e
" Mo. of Axles: 2 Ratio(s) —

.. CA4R: Front: 2559 Rear: -7/
ﬂ_?eu A. Size: HKK-9 v -/5 uers YN )0 v 0L
Sypes ST L)L PLLTED 701070
Recoamended Pressure at GVWR: 2% psi front

. L . 1§/psirear.
Brakes:s Front: ( ) Drum 1/) Disc Diam:

_(.. } Bonded ( ) Riveted
" Friction Surface Width: Length:
| Rears ()/)/Drum ( ‘ ) Disc Dpiam:
7 ¢ ) bonded () Riveted

Triction Surface Width: Length:
. Variable Proportioning Syatem: Yes L No

_ Brake Power Assist Unit: Yes _ Y o
- Brake Power Unit w/Accumulator:Yes No -
Pover Assist or Power Unit, . ST
_ v/Backup: . Yas _ Yo |
) - Antiskid Device: » ‘' Yes : %0 e
. .Parking Mcchanism: Ner _
{ece definition) : Yos No
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" WEMICLE INFORMATION SHEET
Brakes .
(contd)s Friction-type Parking Brake: Hand Operated ( )
e o Foot Operated ( 14/
* Monservice Drake ‘Wpé Parking Brake: Hand Operated ( )
l Foot Operatcd ( )
« Kaster Cylinder Diamater:
. Wheel Cylinder Diameter:
" pescribe Hydraulic Circuit Split:
o Frosr /puprn
. ,'.: . W{11 adjusters be locked out for this test serics?
e Yes N
O ...\. - ®i emwn e *. . -,
. " ' - .
.‘ . . -
‘- ""t‘ : ., * - . =20l
!-70;\ s ) . . -
B L - -
. " . ’ ~. ]
L] ‘. . . R L]
. e .. A . oy, ST ) . " N
L * . . ' . . ' . -
o f .": . . ) S .. K L}
L . . . v . LT B ’ .. .
. .' . . -.' . ‘ .
- . ', * . .
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~ " _*VEHMICLE INFORMATION SUEET
‘Vehiclet Maker FU/°7 LTD MITSA No.  —
 Wodels Y L SEWNN cwRr: b6 25Y
#odel Years © /976 Manufacture Date: ?4 06

VNG bDLIH) G320  wheelbase: _/ 2 /. D ¥
. 2 -
. _ Engine Type: _)/*' 5 Displacement: 737 /# Hps /¢ 2%

"Engine ldle Spced: — Engine Timing:s  —

. ®ransmission: Type: Z V7 U Speeds: 7

" No. of Axles: 2 Ratio(s) ___—
" . GMR: Front: 2) 27 Rear: - S 2 b6¢
ﬂ;xeu ._ Sizes M-8 - )3 wmees UM IOV 7L
Coayper ST LLEL RELTYDP £RL/N L .

" Recommended Pressure at GVWR: 26 psi front

- . . A . Zypsirear.

Brakes: Front: ( ) Drum \/) Disc Diam:
‘ € ) Bonded ( ) Riveted ‘

Friction Surface Width: Length:

© pears (L) brum () Disc Diam:

( } Bonded ( ) Riveted
L "+ . griction Surface Width: Length:

Variable Proportioning System: Yes 1+ No

. Brake Power Assist Unit: Yes L~ vwo
- Brake Power Unit w/Accumulator:Yes No L~
Power Assist or Power Unit cL ol
) w/Backups " Yes w
"+ . antiskid Devices ' Yea N
. " . parking Mechanism: H{r ma—
{sace dcfinition) ' Yos No

* em
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‘ * VEHICLE INFORMATION SHEET

Brakes .
(contd)s Friction-type Parking Brake: Hand Operated ( )
. Foot Opecrated (Pf///

Wonservice Drake Type Parking Brake: Hand Operated ( )
' Yoot Operated ( )

. Haster Cylinder Diamater:

tWheel Cylinder Diameter:

Désc:ibe Hydraulic Circuit Split:
.‘ Folowy JpEP7
élll adjusters be locked out for this test series?
e ~ Yes ¥ _ L7 :
. g e e . ...
- 2 ’ - .
i -
LA | . . . =20t
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¢ e X . . ‘e . e
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VYehicles

.

. VEHICLE INFORMATION SHEET

Maker OODC L Mow))co  \TSA No.  —
Models 4 D% SELNy CWR: 62658
H#odel Year: - /[7 77 Manufacture Date; &-— /6

VINa D YIKLD2) 257357 Wheelbase: _ //7. Y My

2
_ Enginc Type: _V - 5~ bisplacement: 260/ ypy )¢y

"Engine Idle Speed: - Engine 'rim'ing: —

" fransmission: Type: _JVTO Speeds: 7
"Mo. of Axles: -2 - Ratio(s) —_

.. GMWR: Front: _ 70 S Rear: - P2 6®

ﬂ._tes t

'. Rear:s (L) brum ¢ ) Disc Dpiam:

sizer M)0-2F-/3" Mtre __MIckELIN

gypggfjftY{L.‘/?A/AZZ{A>‘1K7;J?//?A— .
Recoomended Pressure at GVWR: 0 psi front

« D psi rear
front: {( ) dbrem (L) Disc Diam:

... & ) Bonded ( ) Riveted

Friction Surface Width: Length:

¢ ) Bonded ( ) Riveted

Friction Surface Width: Lengths

* Varfable Proportioning System: Yes L~ Mo

Brake Power Assist Units Yes )~ Ko
Brake Power Unit w/Accunulator:Yes fo L
Povwer Assist or Power Unit, co0 S
v/Backup: . Yos Yo b

- Antiskid Devica:s * Yes %o L
Parking Mcchanism: Ker
{sce dcfinition) ' Yos No

* ee
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* VEMICLE INFORMATION SHEET

Brakes .
(contd)s Friction-type Parking Brake: Hand Operated ()

. Foot Operated (Vl/

* Monservice Drake Type Parking Brake: Hand Operated ( )

Foot Operated ( )

. Kaster Cylinder Diamater:

Wheel Cylinder Diameter:

. Doscribe Hydraulic Circuit Split:

o Frenr /) pr

-

iuu adjusters be locked out for this test series?

, - Yes No L~

: e = can oo @t e e ede em
-
i‘ -
. i
coed . . R =
s
-
H
oow g, - - . e . -
. .
.
oo - . . - “ai com - - .o
. -
.
. A .. .
b L) . - ‘e .0
L] . .
. -
L] . L 3 .
o
o* . L)
. o .
. . . - .
v ‘e ..
.
. . . . . L]
. . . ‘
.
. ’.. . . ’ - N
. . . .
. .
¢ . 0 .
. . . .o . e de . *
.
. . Py .
* .
- L]
. D
. . *
.
.
L]
* :
.
. .

25

‘ ae

N



‘B0 UOLIBUD[SID® |Bud3e| [RLILU]

sdo3zs butuuany 3ybia pue 339{ pue 3ybreuis

*3994 |08 SnLpeda uuanj
*93942U02 paysnuq A4p uo -y-d-u Q9 wWo4y
*(S3O0P) 340338 3S3Q UBALUP LO4
pue (34eyd Jeq) |04JUO0D BuULUdew 32403} S}edq Y3LM sS3duUe}SLp burddojs wnwiuty

‘LY 3dnulId

o -n o — -n = = - = @ o o
S o = o = =) o & o = — =
o = =. = = S = o < . ) = o
o) a. o = < o < © . 3 o« <
) ~ = o S = = o @
— o e o
= — — o N = = -
o o 1) N ~ o ©
S n = Rougy «
05 - & = > S
o = . -—
o
00l -
oSl -
[ L
BEERn H .
-— * * — ® bt
T . L LT R
[ . Iy [ ] . L4 L 'y e
- . s |1y 1S o
00er— *34 6L = b3y G/-SOL | @ | o —
. .
S ——
. .
[ ]
0se -

0S

oot

ost

00¢

0s¢é

*34 “°y-d-w 09 woay ddueystq burddols uly

26



: "3934 08 sniped
uan]  °6g°0 ‘uoLjess|ddde |BUBIR| [PLILUI °SFLUUSL 3I3M U0 ‘y°'d-Ww Qp wouy

sdo3s Buiany ybLa pue 343| pue 3ybBLeUlS  *(SIOP) 30448 353G JSALJP 40)
pue (3J4eyd uaeq) [04JUOD BULYDRW D404 3)eUq YILM 2DURYSLp burddo3s wnuwiuip

‘¢°Y 3WN9Id

o -n w — - = << o = [op] o Q
o o = =] = o o =N o = —. =
S = =. = -$ =] — O < 1] = @
A a I —o < + < (¢°] (<Y 3 (g <
) =~ s ) o -3 . — o© o
“ — ° o N m. = n
m o 4] o2} o 1o ®
> (%] ] = «Q
0s [~ 3 < =) s
o =
(14
L_ ~ ] .
°
OO—,Lorlo * . oo [ e
. O
. . . o
[ ° co. ] [
- L
('] L 2 Pm
. . SR
oSl

o
w

ool

oSl

*34 “*y'd-w op wouay ddue3stq burddols “uiy

27



An Experimental Measure of Stopping Distance vs. Brake Pressure
Build Up Time.

A brief experiment was conducted with the 1977 Dodge Monaco to
observe the change in stopping distance from 40 m.p.h. on wet jennite
vs. brake Tline pressure build up time. Figure A.3. shows the result.
Stopping distance is seen to increase linearly with increasing pressure
build up time with a slope of about 42 feet/second.



STOPPI/NG DISTANCE, FT7,

170

© 160

|50

1Yo

130

CPREC. BuiILD |
VP TIimr

1

1 ]

1 1 1 ]

i l 1 1 []
Q2 46 . Lo 12 L¥ 16 L& 20 2.2 24
PRESS, BvILD vP T/ME) sEe,

Figure A.3. Stopping Distance vs. Master Cylinder Pressure Build
up Ramp Time. 1976 Dodge Monaco. Initial Velocity =
40 m.p.h. Wet Jennite Surface.
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Table A.1.

Line and In-A-Turn.

801 feet.
SN40 = 80.

VEHICLE

Chevette
Pinto Wagon
Gremlin
Nova

Pacer

Volvo 244
Monte Carlo
Fury

Torino
Buick Lesabre
Ford LTD

Dodge Monaco

Minimum Stopping Distances on Dry Concrete, Straight

STRAIGHT

17 ft.
157
184
177
202
162
154
1mn
152
162
173
165

30

Initial Velocity = 60 m.p.h.
Initial Lateral Acceleration = 0.3q.
Nominal Peak Friction = 0.95.

LEFT
TURN

183 ft.
166
174
186
225
164
158
175
156
163
182
164

RIGHT
TURN

Ora—

190 ft.
171
185
203
219
174
159
167
154
166
169
171

Turn Radius =
Surface Skid No.

TURN
AVERAGE

186 ft.
169
179
194
222
169
158
17
155
164
175
167




Table A.2.
Line and In-A-Turn.
535 feet.

SN = 30.

VEHICLE

Chevette
Pinto Wagon
Gremlin
Nova

Pacer

Volvo 244
Monte Carlo
Fury

Torino
Buick Lesabre
Ford LTD

Dodge Monaco

STRAIGHT

114 ft.
116
125
110
150
129
87
100
17
95
100
98

31

LEFT
TURN

120 ft.
102
134
112
151
122
114
105
14
102
105
103

0.2q.

RIGHT
TURN

11 ft.
109
134
106
152
126
91
103
17
100
116
105

Minimum Stopping Distances on Wet Jennite, Straight
Initial Velocity = 40 m.p.h.
Initial Lateral Acceleration
Nominal Peak Friction = 0.70.

Turn Radius =
Surfact Skid No.

TURN
AVERAGE

115 ft.
105
134
109
151
124
102
104
115
101
110
104



Table A.3. Differences Between Left and Right Turning Stopping
Distances on High Coefficient (Dry Concrete) and Low Coefficient

(Wet Jennite) Surfaces.

HIGH
COEFFICIENT
DIFFERENCE
VEHICLE FEET (%)

Chevette 7 (3.5)
Pinto Wagon 5 (3.0)
~ Gremlin 1 (6.3)
Nova .17 (9.7)
Pacer 6* (2.7)
Volvo 244 10 (6.1)
Small Car Average gjg‘ft. ZETE;
Monte Carlo | 1 (0.6)
Fury | g« (4.8)
Torino ok (1.2)
Buick Lesabre 3 (1.8)
Ford LTD 13* (7.7)
Dodge Monaco 7 (4.3)
Large Car Average gjg—ft. ZETZ;
Overall Average 7.5 ft  (4.3)

~LOW
i
FEET (%)
9* (8.1)
7 (6.9)
0 (0.0)
6* (5.7)
1 (0.6)
4 (3.3)
45 ft. (4.0)
23* (25.)
2 (1.9)
3 (2.6)
2x (2.0)
n (10.f
2 (1.9)
706 (1.3)
5.8 ft.  (5.7)

* Right Turning Stopping Distance Shorter Than Left Turning Stopping

Distance.



Table A.4. Differences Between Straight Line and Braking-In-A-Turn
Stopping Distances on High Coefficient (Dry Concrete) and Low coef-
ficient (Wet Jennite) Surfaces.

HIGH
COEFFICIENT
DIFFERENCE
VEHICLE FEET (%)

Chevette 15 (8.8)
~ Pinto Wagon 12 (7.6)
Gremlin 5% (2.7)
Nova R (9.6)
Pacer 20 (9.9)
Volvo 244 7 (4.3)
Small Car Average ;EE;-ft. Z?TEY
Monte Carlo 4 (2.6)
Fury 0 (0.0)
Torino 3 (2.0)
Buick Lesabre 2 (1.2)
Ford LTD 2 (1.2)
Dodge Monaco 2 (1.2)
Large Car Average Ejg-ft. f?fl;
Overall Average 7.4 ft. (4.3)

LOW
COEFFICIENT
DIFFERENCE

FEET (%)
1 (0.9)
11* (9.4)
9 (7.2)
1*  (0.9)
1 (0.7)
5% (3.9)
4.7 ft.  (3.8)
15 (17.2)
4 (4.0)
2% (1.7)
6 (6.3)
10 (10.0)
6 (6.1)
;Tg.ft. (7.6)
5.9 ft. (5.7)

* In-A-Turn Stopping Distance Shorter Than Straight Line Stopping

Distance.
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Table A.5. Repeatability of Experimental Stopping Distance
Measurements Expressed as the Percentage Difference Over Three

Stops Made at the Same Pedal Force.

VEHICLE

Chevette
Pinto Wagon
Gremlin
Nova

Pacer

Volvo 244

- Small Car Average

Monte Carlo
Fury

Torino

Buick Lesabre
Ford LTD
Dodge Monaco

Large Car Average

Overall Average

HIGH
COEFFICIENT

ST LT RT
2.4 3.8 5.8
4.5 6.0 2.9
2.2 7.5 1.6
7.3 1.6 4.4
1.5 4.9 4.1
1.9 6.1 3.4
3.3% 5.05 4.7%
4.5 3.8 8.8
1.2 3.4 0.6
2.0 1.3 6.5
5.6 7.4 4.2
3.5 1.6 4.7
3.0 1.8 4.7
3.3%  3.2%  4.9%
3.3%  4.1% 4.8

Average High

Coefficient

4.1%

34

LOW
COEFFICIENT
ST LT  RT
2.6 5.0 5.4
6.0 15.7 9.2
6.4 4.5 2.2
6.4 4.5 12.3
5.3 10.0 5.9
6.2 4.9 7.1
5.5 7.4% 7.0%
1.1 4.4 12,0
5.0 2.9 3.9
5.1 2.6 11.1
4.2 8.8 12.0
12.0 4.8 2.6
2.0 1.9 1.9
4.9%  4.2% 7.2%
5.2 5.8% 7.1%

Average Low

Coefficient

6.0%



Surface Friction Dynamometer Calibration Check

The Toad cell in the Surface Friction Dynamometer provides for
measurement of the vertical tire load, Fz’ and the longitudinal force,
Fy» exerted at the tire/road interface. Calibration of the SFD load
cell was checked by applying input forces through a calibrated
reference load cell and recording both the reference cell output and

the SFD load cell output. The results are tabulated in Tables A.6
through A.8.
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Table A.6. SFD Loan Cell Calibration Check October 12, 1976. F,
Calibration, Fx Offset (Cross Talk) Due to Fz at Fy = 0.

REFERENCE LOAD SFD LOAD CELL OUTPUT
CELL OUTPUT, F Fz Fx
0 1bs. 0 1bs. 0 lbs.

341 340 6
478 - 8 7
510 512 8
560 562 10
700 703 14
852 856 17
1,000 1,003 20
1,200 1,204 24
1,402 | 1,404 30
1,603 ) 1,604 35
1,810 1,809 39
1,995 1,991 42
1,807 1,805 39
1,600 1,600 35
1,394 1,395 30
1,198 1,203 26
1,000 ' 1,004 22
795 | 799 17
602 605 13
549 550 13
499 | | 502 n
450 | Bt 10
397 398 9

0 0 0
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Table A.7. SFD Load Cell Calibration Check October 12, 1976. Fy
Calibration, Fz Offset (cross Talk) Due to Fy at F, = 0. :
Fx Applied Through Center Line of the Load Cell.

REFERENCE LOAD SFD LoAD CELL OUTPUT

CELL OUTPUT, Fy ‘ Fx Fz
0 1bs. | 0 1bs. O 1lbs.
180 180 7
316 314 N
512 506 16
783 : | 777 23
1,074 1,065 32
1,356 1,346 40
1,600 ' 1,589 48
1,810 1,800 56
1,530 | 1,520 45
1,220 1,214 38
952 938 29
812 810 24
460 462 15
227 : 229 9
1 ) 3



Table A.8. SFD Loan Cell Calibration Check October 12, 1976. Fy
Calibration, Fz Offset (Cross Talk) Due to Fy at F, = 0. Fx Applied
at Approximately 12 Inches from Cell Center Line.

REFERENCE LOAD SFD LOAD CELL OUTPUT

CELL OUTPUT, Fy Fy Fy
0 1bs. 0 1bs. 0 1bs.
90 86 0
289 283 1
646 637 3
966 : . 957 1
1,110 1,106 2
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APPENDIX B
CALCULATED RESULTS OF A QUASI-STATIC ANALYSIS

The purpose of this appendix is to document the quasi-static
analysis of straight- and curved-path braking which was conducted
for this study. The intent of the analysis was to observe the
behavior of an automobile with conventional brakes (no antilock
systems) while braking under a broad range of conditions. These
conditions include loaded and unloaded vehicles, surfaces having
high and Tow friction characteristics, as well as different friction
levels on the right- and left-hand sides of the vehicle (that is,
the split friction condition), and finally, the lateral acceleration
condition which is present at the initiation of a braking-in-a-turn
maneuver.

Since only the first-order effects were desired, the number
of parameters needed to describe the maneuvers was kept as small
as possible. The parameters which were required are all listed and
defined in Table B.1.

The maximum braking force which can be applied before a wheel
locks is constrained by the peak traction coefficient, designated
Mp: If lockup occurs, the braking force is limited to the product
of the normal force and the sliding traction coefficient, g - On-
split coefficient surfaces, of course, the values of “p and ug will
differ between the right- and left-hand sides of the car.

This simple model of the tire traction constraints, together
with a purely kinematic representation of the vehicle itself
utilizing the remaining parameters in Table B.1, allows a first-order
look into the sensitivity of braking performance to the described
condition variables.
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A/L
H/L
H/W

Table B.1. Vehicle Parameter Definitions

Peak traction coefficient on left side of car
Sliding traction coefficient on left side of car
Peak traction coefficient on right side of car
Sliding traction coefficient on right side of car
Fraction of wheelbase in front of vehicle mass center
Ratio of mass center height to wheelbase

Ratio of mass center height to track width

Fraction of total braking torque which acts on
front axle

Fraction of lateral load transfer that oécurs on

. the front axle -

Constant lateral acceleration
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B.1 Describing Equations

The different wheels are identified by the subscripts RF, LF,
LR, and RR, which represent right front, left front, left rear,
and right rear, respectively. Since none of the parameters depend
upon absolute force levels, it is convenient to normalize all forces
to the weight of the automobile.

Upon initiating the calculation sequence, a braking force,
proportional to brake torque, is assumed for the RF wheel. The
actual braking forces are calculated according to the relations

Forr = Forr = Fr ~
. ]
) el
Forr = Fprr = Fp = FE( - 1)
Foi = ¥z F5 > uofz (8.2)
i = RF...RR
j=FR

where in refers to the loading at wheel i. The deceleration in
g's is then: '

A = 1F i = RF...RR (B.3)

X Bi
The normal loads, used in Equations (B.1) and (B.2), are cal-
culated by summing the pertinent component of static weight distri-
bution, the load transfer due to longitudinal deceleration, and
the load transfer due to lateral acceleration. The static, longi-
tudinally-transferred and laterally-transferred load quantities are
are given by Equations (B.4), (B.5), and (B.6).
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[ap ]
1

Ax « H/L+1 -A/L (B.4)

1
= . B.5
CF Ay C¢ H/W (B.5)
CR = Ay . (1-C¢) « H/W (B.6)

Individual wheel loads then are expressed by:

e = Gt (6.7)
Fp =Gt 3G | (8.8)
Fap = G *3 (1-C)) (5.9)
Fon = Cr +‘§(1-c]') (B.10)

(Note: C] must be between 0 and 1. If Equation (B.4) gives a value
greater than 1, the value 1 is used. Also, none of the normal
forces can be negative. If any of Equations (B.7)-(B.10) do give

a negative value, 0 is used instead and the normal load on the
other axle is adjusted to C] for the front axle or (1-C]) for the
rear.)

The vehicle deceleration can be computed by combining Equations
(B.1)-(B.10) for any selected FE (front braking force proportional
to torque). Stopping distance may also be calculated, as

x = - (B.11)
. 2Ax g
where V is the initial velocity and g is a gravitational constant.

B.2 Computational Procedure

The braking deceleration, defined by Equations (B.1)-(B.10),
involves eight unknowns (the four normal and four braking forces)
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which can be calculated by the numerical method summarized as
follows:

1) Select F% value small enough that no lockup wi]]
occur.

2)  Calculate trial braking forces on each tire,
based on FF'

3) Calculate the four normal forces.

4) Check the ratio of braking force to normal force
for each wheel, for comparison with frictional
limits. Change the braking forces to the s]iding
1imit if peak traction has been exceeded.

5) If any changes were made in (4), go back to (3) and
repeat. Otherwise, check for axle lockup. If there
is no axle lockup, increment FE and go to (2). If

~an axle has locked up, output best performance,
defined by maximum deceleration.

This procedure was followed with the aid of a digital computer.

Braking performance results are represented in this study by
braking efficiency (BE) which is calculated according to the
relationship

Ax
BE = N x 100 (B.12)
Xma X ) ‘
where A is the maximum deceleration of which a vehicle is

Xmax
capable in straight-line braking, with "optimal" proportioning for

the surface being considered. One hundred percéht efficiency is
realized under a single coefficient surface condition when the front/
rear proportioning is set so that the front and rear axles are both
on the verge of lockup. The deceleration then is simply
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= u (B.13)

Axmax p

The 100% efficiency condition is not so easily calculated on
a split coefficient surface, where optimal braking may involve the
Tocking of one, two (not on the same axle), or no wheels. AXmax
is therefore found by incrementally varying p from 0 to 1 and noting
the largest value of Ax encountered. This value is then used as the
normalizing deceleration, Axmax'

B.3 Study of Braking Efficiency Sensitivities

Due to the Tack of a loading sensitivity in the assumed tire/
road friction properties, the vehicle weight and wheelbase are not
needed, and therefore all of the parameters listed in Table B.1 are
dimensionless. Two distinct sets of baseline parameter values were
chosen to be representative of basic car geometries, and are given
in Table B.2. Car Number 1 is typical of most compact and sub-
compacts where the engine is the most significant component determin-
ing center-of-gravity location. Due to shorter wheelbase and
narrower width, the vehicle exhibits high values of the load trans-
fer gains, H/L and H/W. The opposite tendencies are apparent in the
values selected for Car Number 2: the center of gravity is located
slightly behind the center of the wheelbase, and the reaction to
external accelerations is hot SO pronounced.

Differences between loaded and unloaded conditions are not
directly evidenced in the parameter values shown. However, when
Timited by the assumptions made in this analysis, the only change
between a driver-only and GVW condition involves the value of A/L.

In the calculations to be reported here, the interest was in
examining the significance, over many braking conditions, of a fixed
selection of brake proportioning. Clearly, this is the problem
which has traditionally confronted the brake engineer. This examina-
tion was implemented, however, through a numerical calculation scheme
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Figure B.1
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Table B.2. Baseline Car Type and Surface Characteristics.

Car Type
Car No. 1: A/lL = .34
H/L = 227
H/W = .45
Car No. 2: A/L = .54
H/L = .185
HW = .36

Surface Type, Given as y = up/ g

Surface A p = .95/.90
Surface B u o= .60/.40
Surface C p = .45/.30
Surface D u = .70/ .45 Wy = .50/.35
Surface E ' W = .75/.50 My = .45/ .30
Surface F = .80/.55 My = .60/.40
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which varied proportioning in a stepwise fashion over the entire
range, for the cited vehicles. Results are displayed, then, showing
braking performance levels as a function of proportioning for the
various surface friction conditions of interest.

Accordingly, along with two car types, the six surfaces described
in Table B.2 were used throughout the simulations. Surfaces A, B,
and C represent the range of "single coefficient" surfaces, while
surfaces D, E, and F are used to simulate "split coefficient" sur-
faces in which the right and left sides of the vehicle contact
pavements with different frictional properties. It should be noted
that the average values of surfaces D and E are identical, although
they clearly represent different split conditions.

Qualitatively, the overall sensitivity matrix is given in
Figure B.1, where the nonvaried, baseline parameters are in circles
and parameters to be varied are in rectangles.

B.3.1 Straight-Line Braking Study. Braking performance in a

straight line was examined by taking the twelve combinations of the
two car types and six surfaces from Table B.2 and, for each combina-
tion, varying the front-rear proportioning, p, continuously over the
range of possible design values. Figure B.2 illustrates the
relationship between proportioning and the limit deceleration capa-
bilities of Car No. 1. In all cases, the curQe shows the limit
braking performance achievable without accruing lockup of both wheels
on an axle. The curves for the homogeneous surfaces A, B, and C

are shown as solid lines, indicating that no lockup has occurred,
since symmetry requires that no single wheel could lock alone, in
straight braking on a uniform friction condition. Each curve has

a "peak" at which the proportioning is optimal for that combination
of car type and surface. At the peak, the deceleration (in g's) is
equal to the coefficient of peak friction, My At proportioning
values less than the optimal, performance is limited by a tendency
of the rear wheels to lock prematurely, negating the opportunity
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for more utilization of front tire traction potential. (While pedal
force is not actually calculated, it is often referred to in this
appendix, as a common reference. When increasing the pedal force
is mentioned, the implied meaning is that the braking forces of

the unlocked wheels are increased by a common ratio. In the com-
puterized version of the analysis, the variable FE serves as the
reference force.)

At proportioning values greater than the optimal, performance
is limited because the front wheels are on the verge of lockup.
Since the load transfer to the front axle increases linearly with
the longitudinal deceleration, Ax’ the optimal proportioning varies
with Ax along the line shown.

An examination of the plots of the vehicle performance on the
split coefficient surfaces D, E, and F clearly indicates a greater
complexity. The limit braking usually involves one or two locked
wheels, as greater retardation is typically achieved by increasing
the brake forces on the unlocked wheels, even at the expense of
the reduced braking capabilities of the locked wheel(s).

The curves from Figure B.2 are shown mainly to indicate the
method of determining the maximum possible deceleration in straight-
line braking. Once found, this value is used to normalize the per-
formance in terms of braking efficiency (BE). The curves from
Figure B.2 are re-plotted in terms of BE in Figures B.3 and B.4.

The nature of the performance curves shown in these and sub-
sequent figures may be clarified somewhat by "walking" through one
curve and carefully examining the mechanisms responsible for the
behavior. For example, the curve representing surface E in Figure
B.4 shows that limit performance involves one locked wheel at very
low proportionings. The rear wheel on the low coefficient side is
locked, and the other rear wheel limits performance by being on
the threshold of lockup. As the proportioning increases, more braking
force can be applied at the front axle (by increasing pedal force)
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to increase efficiency, until the first local maximum is reached

at p = 66%. At this point, both rear wheels and the front wheel on
the low coefficient surface are producing braking forces at their
respective peak frictional limits. As p is further increased, BE is
limited by the front wheel on the low coefficient side. Increasing
the pedal force in this domain, to the level at which the other rear
wheel is again near lockup, would reduce the BE because of the lost
braking force at the front wheel on the low coefficient side. Thus
the pedal force must be reduéed, and the smaller braking force of
the unlocked rear wheel results in a lower efficiency. At the point
where p = 71%, the same efficiency is attainable with two different
pedal force levels, each with a different lockup combination. Along
with the condition considered in the region .66 < p < .71, there

is the condition in which the pedal force is increased, locking both
wheels on the low coefficient side, and putting the other rear wheel
at its peak braking limit. As p increases from this point, the latter
condition is more efficient. One hundred percent BE is realized at
p = 77%, when both wheels on the high coefficient side are on the
verge of lockup. As p increases further, the pedal force must be
reduced, otherwise the second front wheel would lock. Then, at

p = 85%, the same BE can be obtained in two ways; one of these is
the condition just described, and the other results when the pedal
force is reduced until the rear wheel on the low coefficient side is
unlocked and providing more braking force. This condition provides
higher BE in the small range of 85% < p < 86%. At 86% proportioning,
both the rear wheel on the low coefficient side and the front wheel
on the high coefficient side are near lockup. As p increases to
100%, BE is limited by the front wheel on the high coefficient side
which is braking at its frictional limit.

The trend in all of the curves of Figures B.3 and B.4 is for
BE to increase with p when a rear wheel is at the lockup point, and
for BE to decrease when a front wheel is at the limit. The added
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complexity of the curves for split coefficient surfaces clearly stems
from the varied possibilities of lTockup. Curve (E) has three lockup
combinations, each of which is optimal over a certain region of p.

We can see that, in general, the split surfaces show the same
type of behavior over small variations in p as seen for the single
coefficient surfaces. However, the overall sensitivity is less for
the split, because of the multitude of lockup possibilities, each of
which is best over a definite region.

The straight-line BE of Car No. 2, on the same six surfaces, is
also plotted as a function of proportioning in Figures B.5 and B.6.

B.3.2 Braking in a Turn. As complex as the BE versus p pre-

sentation becomes for straight-line, we find another dimension of
complication for the cases of braking in a turn. As in the example
of Figure B.7, the explanation of discontinuity points in the curves
for braking efficiency in a turn require the tracking of right/left
differences in tire load, as distributed according to the roll stiff-
ness coefficient, C¢, as well as accounting for all previously
mentioned factors. As seen in this example, BE levels for in-a-turn
stopping on a split friction surface offer the possibility of exceeding
100%. This occurs due to the straight-line reference condition for
“computing braking efficiency in a turn and also due to the improved
utilization of adhesion levels when the more heavily loaded tires

in a turn run on the higher friction surface.

The quasi-static simulation study proceeded from this format of
examination to evaluate certain selected sensitivities using only a
few representative values of proportioning.

Proportioning values were chosen to offer contrast in vehicle
performance levels, and still be realistic. The values picked are
the optimum proportioning figures for the high coefficient and mid-
coefficient surfaces. For Car No. 1, these values are p = 80% and
p = 87%. The case where p = 80% gives high values of performance for
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mid-coefficient surfaces, rcar axle limited performance on higher
coefficient surfaces, and front axle limited performance on lower
coefficient surfaces. A value of p = 87% could represent conditions
such as '

1) optimized performance for high coefficient surfaces
such as is required by FMVSS 105,

2) intentionally front-biased proportioning to assure
that rear axle lockup will not occur on normal sur-
faces (as is a common design philosophy in Europe).

Similarly, values of p = 57% and p = 64% were chosen for Car No. 2.

Car braking performénce in a turn depends on all of the vehicle/
road parameters involved in the case of straight-line braking, along
with the additional parameters, C¢, H/W, and Ay. Reasonable choices
for representative values of these variables were made more easily
after observing the BE senéitivity involved with each of them. The
methodology is similar to that in the last section, where BE is
‘plotted as a continuous function of one variable, and discrete values
for it are chosen on the basis of the curves.

Ro11 Stiffness Proportioning Sensitivity.

The sensitivity of BE to roll stiffness proportioning, C¢, is
shown in Figure B.8 for the case of Car No. 1 with p = 80% front/
rear proportioning, and subject to lateral accelerations of .2 and
.3 g's on the three uniform friction surfaces. The curves for the
medium and low coefficient surfaces (curves (:) - (:)) are all similar,
showing an increase of about 6% braking efficiency when the roll
proportioning is varied from .4 to .9. In the straight-line case,
BE is limited by impending front axle lockup on the low friction
surface, and by all wheels on the medium friction surface. When BE
is less than 100%, the front/rear load transfer is not as large,
thus BE is limited by impending front axle lockup on the medium
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Braking efficiency as a function of roll distribution.
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friction surface also. When more loading goes to one of the front
wheels (due to Ay), higher brake forces can be applied. Since C
gives the proportion of the lateral transfer of vertical load which
is exchanged between tires on the front axle, normal loading on the
one front wheel increases with C¢,‘and BE increases. Although
different lockup possibilities cause the curves to change slope over
the range of C¢, the general behavior of curves (:) - (:), repre-
senting front-limited braking, are the same.

Rear-limited braking, a condition represented by curves (:) and
(:) , causes BE to decrease as C _ is increased. Again, there are no
unusual breakpoints in curves (f) and @ .

Roll proportioning values of C¢ = .5 and C¢ = .9 are used for
following sensitivity curves and for a complete BE matrix. These
two magnitudes cover the range of values likely to be encountered
in practice, and, due to the well-behaved nature of the curves in
Figure B.8, should not provide any singular types of BE.

Lateral Acceleration Sensitivity - Single Coefficient Surfaces

Regarding sensitivity of BE to lateral acceleration level
during braking in a turn, it should first be pointed out that the
lateral acceleration, Ay, and the mechanical "gain," H/W, of the
vehicle in response to Ay can be considered together since the
vehicle is affected by the product Ay « H/W. While combining these
two non-dimensional parameters may tend to obscure the physical
understanding of each parameter's role in determining performance,
the interdependence of Ay and H/W is pointed out to allow interpre-
tation of the calculated changes in Ay as changes in H/W if desired.
(For example, the BE calculated for increasing Ay by 50% may also be
used for the case of Ay held constant and H/W increased by 50%.)

The effects of lateral acceleration on the single coefficient
surfaces are presented in Figure B.9 for the case of Vehicle No. 1
with 80% proportioning, and C¢ values as shown. Here we see that the
effects of Ay on efficiency also depend strongly on the type of

surface involved.
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The BE behavior is complicated when made a function of Ay, 50
we will again "walk through" a representative curve to understand
this behavior. For the sake of this discussion, we assume that the
car is making a left-hand turn, thus the effect of the Ay is to

load the right-hand side.

Curves (:) and (:) both represent performance on the high coeffi-
cient surface, and initially show improved efficiency when a lateral
acceleration is involved. Because the 80% proportioning is not
optimal for this surface, the performance limitation at Ay =0

(straight-1ine braking) is the rear axle, which is about to lock up.

By following curve No. (:) , we see the effect of adding'the
lateral acceleration, which increases the normal load on the right-
hand side of the vehicle. This allows more pedal force to be applied
before the friction 1imit of RR (the right-rear wheel) is reached.
The braking force at the front axle has also increased due to the
extra pedal force, such that even though LR now slides and loses some
braking force, the 1oss is more than made by the other three wheels
and the performance improves with Ay. Until the peak at Ay = .13 g's,
the 1imit on efficiency is impending lockup at RR. After the peak
is reached, BE is limited by impending lockup at LF, and when
Ay = .15 g's, efficiency is better with LF locked, and performance
is again limited by RR. . The efficiency climbs as more of the load
is transferred to the right side, as greater pedal forces may be
applied before RR will lock. The next peak, at Ay = .26 g's, when
both right wheels are about to lock, occurs because of the relation
between C¢ and p; that is, the rear axle receives 50% of the lateral
Toad transfer, but only 20% of the incremental (total) braking torque.
The front catches up, and performance deereases.slight1y with in-
creasing Ay because not enough extra loading is applied at RF for
the brake force to increase enough to offset losses from the left
wheels. At Ay = .3 g's, the left-rear wheel has no normal loading
at all, due to the combined longitudinal and lateral accelerations.

Therefore, changes in C, have no effect on the rear axle, as the

¢
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entire rear load is on RR. BE increases slightly over the rest of
the curve, as the increase in braking force from RF (u_ = .95) is

more than the decrease from LF (uS = ,90).

p

The general character of curve (1) can be described by the
following observations:

1) With small side forces, efficiency increases because
one of the rear wheels will remain unlocked when
pedal force is increased.

2) A change of the limiting axle from front to rear
occurs because of the relation p has to C¢.

3)  When pedal force is limited by the possibility of
rear axle lockup, performance increases with A
since the torque threshold needed for lockup of the

loaded rear wheel increases.

4) Eventually, one wheel goes to zero load, and BE
hits a "plateau."”

A different roll proportioning changes the overall shape of
the plot, as evidenced by curve (:) , Where C¢ = .9. The same type
of behavior occurs with small lateral accelerations, although the
performance improvements are not as great as before because only
10% of the load transfer occurs at the rear axle. An opposite trend
from curve (1) 1is observed when two wheels are locked, however,
because extra load on RR, which limits the pedal.force, increases
slowly while the lToad on LF decreases quickly. The trend in this
case is for performance to suffer as the lateral acceleration increases.

When the front torque proportioning is near optimal for the
surfaces, lateral acceleration can only deteriorate performance, as
seen in curves (:) - (®. As Ay increases, pedal force must be de-
creased to prevent lockup and a loss of traction. When a certain
amount of Tlateral acceleration is reached, it becomes better to
increase pedal force, even though braking force is reduced in the
locked wheel(s). After this point, the curves are qualitatively
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similar to those two discussed, in that the braking behavior includes
lockup, and slopes and plateaus are determined by one wheel which is
on the verge of lockup. . When the location of the limiting wheel
changes, the observed discontinuities in slope occur.

Discrete Ay values are selected for the comprehensive sensitivity
matrix for performance on the single coefficient surfaces. The
lateral acceleration sensitivity on these surfaces shows reduced
change in efficiency after Ay = .2 g. For meaningful comparisons,

a "lTow" acceleration of Ay = .1 g and a "high" acceleration of
Ay = .3 g are selected for all single coefficient surface combina-
tions (along with Ay = 0 - straight-line).

Lateral Acceleration Sensitivity - Split Coefficient Surfaces

Braking performance sensitivity to lateral acceleration was also
calculated for the split coefficient surfaces, and shown in Figure
B.10. '

Here we see that when the side force tends to load the high
coefficient side (Ay<0), performance increases to over 100%
efficiency, with both wheels locked on the lTow coefficient side.
Again, the detailed shape of the curves depends on which unlocked
wheel is about to lock.

~ When the loading due to Ay occurs on the low coefficient side
(Ay>0), behavior gets a bit complicated. An overall trend, however,
is that performance doesn't suffer greatly; the lowest efficiency
anywhere is 90%. There are so many possible pedal force levels and
lTockup combinations that one of them is usually suited to a parti-
cular Ay level. In fact, curve () shows better perfcrmance for
loading the low coefficient side, for all levels up to Ay = .2q.
Applying a small side force makes the condition of a lower pedal
force and four unlocked wheels more efficient (but puts the wheels
which are on the high coefficient surface below their maximum braking
force). Increasing Ay allows increasing braking force on the low
coefficient surface and total braking increases.
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The overall trend with the split coefficients is that BE sensi-
tivity, even with all the jagged peaks and depressions, does not

respond as much to lateral acceleration as with the single coeffi-
cient surface conditions. At levels of Ay = ,3 g and greater, the
curves are more stable than at lower levels. The values Ay +.3 9
were thus chosen for use in the overall sensitivity study of braking
performance on split coefficient surfaces.

The entire braking efficiency sensitivity calculation matrix is
shown schematically in Figure B.11 with all of the parameter values
chosen from the previous sections. Tables B.3 through B.6 summarize
the computation results, and besides giving BE, also include the

stopping distances which would occur with the quasi-static model, at
initial speeds of 20, 40, and 60 mph.




CHR N0« 2

CAR NOu |
P= 51 .64
P= 180, &1 ’
]
-
(4=15,19
1 ‘ ‘
fr=o A= M= Rt
' [ N )/
SURFACES SURFAGES
ﬁ,B,C D) E}F
?1
‘"R

Figure B.11,

QUASI-STHIIC

MODEL

N

120 Calculations

Schematic of complete calculation matrix.

66



Table B.3.

Surfaces.

Sensitivities of Car No.

1 on Uniform Friction
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' , NOME [16,8] 26 | 100 | 220 | 87
IG N —
; L0 e a7 |26 Tos |52 Tog
LR {1R3 | 35 | 146 |35 | 25
9 r 45),30 CUILF LR 124 | 35 133 | 211 |4
S 108 |39 157 | 2%4 | 7%
'3 T LF 1118 | 36 45 | 321 | g2
| eofaa. . _ 165]26 | 104 | 235 |&as
‘ G bl T INoNE s s s | 254 [ e
‘ | _ S |w6lis 158 131 |96
0] 3 ".;‘:95/.90;_‘_f E L 12515 39 | 132 |ag
STV T ol s el e | ol
, 'lA v 200115 |50 | 133 |e3
S B C o NONE 162 | 23 |
N ©O[4D. T o) 81106 | 259 |33
14 UUUUUIF R (1A 129 T 264 |16
- oL 109 ] 39 et | 3s4 |0
.45/,30 .
N NONE [ 1LG | 21 48 | 334 | ap
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Table B.4. Sensitivities of Car No. 1 on Split Coefficient Surfaces.

| STOPFING TUSTANCE G |

l FAC N
P YO rrere T | ook TM“‘:‘)," Dogh | Borgs 6o e | EFF
ST 10145 | 50)35 BF 11651 20 | 104 | 225 |93
20 P AR ‘Eo.l 27 (01 240 | 20
O | 255 | aes 64| 26 | 105 | ¢2% | on

[ i "I“’

87 ap 99| 2T 108 | 244 |94
185] 23 | 93 | 2¢9 |a5
afss| o) NOLE 1194 | 22 | 89 | 199 |00
=3 © IR RRII98 | 22 | &1 196 |02
3 w KT lee |2 191 Jioe
5 55 | 4517 154] 28 |1l |esl [ 92
-3 Re pa 4 25 | 99 | 2e3 103
L 7.0 | 25 | 1ot | 228 |10}
0L 5 | 20/.45| sojzs [ Lo [ 20 102 [230 [1e0

2
LE 189 | 21 103 | 243 | G4

-3 oF pp |01 24 | o1 |21 105

. 1801 2 % | 215 (1o

15, ‘ e =
] 7/93 45/ HONE | 1601 27 |1\08 | 2:2 |95
‘ LF 1184] 23 |93 210 | S5

) 195 | 22 838 [199 ]100

~3 | ,80/55] .60/,40 | RF £R
/ 0.1 ] 2l 86 | 193 [103
LF [18.0] 2¢ | 96 | 215 | 93

NONE | 144 30 {20 269 | 85
178 | 24 97 218 | 120
6 » .4 | 25 99 2°3 103
‘ ‘ LFE (45 ]2 19 oS | A6
> | T0445] 50255 el | 21 | 10T | 241 |93

159 | 27 109 | 244 | 94

15/,50 |.45/%0
=3 AF RR

=3 RF RR

5 el ] 27 01 | 240 | 96
1510l 45730 - P

3 51 51 Novs [ 15.0] 20 s | 25% | 99

y .80/,53 COfudo LR [18.8] 2 92 | 296 | 97

3 RE RR[I13.4 ] 23 94 | 21 |95




Table B.5. Sensitivities of Car Mo. 2 on Uniform Friction Surfaces.

p Cyp ;{‘(5) l;-?%{-ffr\f}__.;_%{?gi—{— LOCKUP EX( frist) 7 “‘:\TOT?L{if;flal'ﬁ\gét ::) ‘:% EFF
64 95190 1301 14 | s6 .| 126 | 100
. 72 | o | o3 a2 | 89
0 0l 40 9.4 | 22 89 199|100

o NONE | 168 | 206 102 234 87
119 30 144 324 83

45/30 3.1 | 3t 26 | 283 |95

W 126 34 137 ot 87

5 o el e 45 | 321 | 82

o woldo 62| 26 106 | 238 | 84

r NONE | 178 | 24 S | 271 | 92

5 . LR | 281| I5 ol 128 | 92
R 95090 P 15 ©O0 136 | 93

260| 17 06 49 | s

| R | 213| .18 @3 @2 | 89

' 60140 1| 2s o1 | 221 | 88

159 | 1 108 | 243 |82

3 24 | 35 | 139 | 3% | 86

Eo{ 13 2 132 | 296 | 9

71 145130 ' 3] 38 | 152 | 34 | 19

130 | 3% | 133 | 299 | 90

o 175 | 25 98 | 221 | 90

—| - o040 59 | 21 | 109 | 2aa | 82

1 95| 15 58 130 | 96

o R - %j e ' . 283 15 Gl 125 | 92
B A 289 15 @0 134 | 94

93| 15 |99 132 | 95

. . o INONE | 155 | 28 11 250 | 80

5 BRI 55 | 28 | uz | o5 |19

g R R TN 147 | 331 | 8l

. 45120 NONE | 1,0 ] 39 -] 156 | 351 | 76
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Table B.6. Sensitivities of Car No. 2 on Split Coefficient Surfaces.

N ol J1 Tha DISTARCE ()
p c,,] Y(g)?‘;%;%g-%ﬁ%;‘%év OCKUP | R (it — m:-.mT Q‘ZNSM, \E:j:) % EFF
64 RE | 162 | 26 e | 228 |96

700,85 | 50135

65 | e | lo¢ | 235 | 98
1 0 265 | 450 RE RR| 163 | 20 105 231 | 97
151 | 28 | W4 | 256 | 90
bl RE 1190 | 23 | 91 | 204 | 98
a0155 | gondo NONE | 194 | 22 | 89 199|100
-3 RE FRI 202| 2! | 85 | 192 |104
' 192 | 22 89 201 | 99
< * JE NOVE Moa T 25 | 102 | 229 |00
77| 24 | 971 | 219 |105
o K RE BrmsT 25 [ 99 | 22 |10d

NONE | (74| 25 99 223 | 103
LF  BR| 191 4 {10 241 | 93
' o | 20 04 233 | 99
168 | 20 02 230 | 00

+3 | 701,45 | 50135

-3 RF AR
151,50 | 45030

s NONE 165 | 29 | ue | 26l | o8
' F RRI 185 1 23 | 93 | 209 |95
86 | 23 | 92 | 208 | 96
9 13| 80155 | 60000 |RF AR}— :

203 | 2 8 | 191 | 105
92| 22 | 90 | 202 |99

+3 LF
. - 221 20 | v | 272 | 84
\15130 | 45030 N Y R 217 | 106
? 75 1 25 | 80 | 221 |04
F (54| 28 | nz | 251 |9t

64 +3 | 20045 | 5005 . .
NOVE 1186 | 28 | 1 | 250 | 92
o0 | 27 08 | ¢4z | 95
™ e R 2T 26 100 | 220 | o
VA { 22¢ Qs
5 5050 | 4503

PR30\ 5L a1 29 | 7 | 2ce |83

+3 NONE
84l 23 | 9 | 210 |95

8055 | .G0na0 :

-3 fE RRl G| 2 | 9z | 208 | %




APPENDIX C

DATA FROM IN DEPTH TEST PROGRAM ON FIVE CARS.
VEHICLE DISCRIPTIONS AND DATA SUMMERIES.




Vehicles

P

Tires:

Prakess

" No. of Axles: ol

*VCHICLE INFORMATION SHEET
Maker Nipw 7l ()71 p NMTSA No. —
Model: 2D, J7°c/'T _Covrt owm: 54787
Model Year: © /9706 Manufacture Date: 2[_7_6
VNG HSIVELND J 255  wheelbase: /16
Engine Type: |24 Displacemcnt:L/ﬂO ’”j!{p: /7.5/

"Engine Idle Speed: — Engine 'rim-ing: —

Transmission: Type: V0  Spceds: 7

Ratio(s) —_
GAWR: Front: 2759 Rear: - 2 82§

size:s GRIVXISE wers YWl Loy AL

wyper ST LLEE QELT 2D fpp 2L
Recommended Pressure at GVWR: Zé: psi front

Front: ( ) Drum ( l/)Disc Diam:

¢ ) bonded ( ) Riveted
Friction Surface Width: Lengths
Rear: ( ¥} Drun () Disc Diam:

( ) Bonded ( ) Riveted
friction Surface Width: Length:

Variable Proportioning System: Yes v No

Broke Power Assist Unit: Yesa " No

Brake Power Unit w/Accumulator:Yes No ‘/
Power Ass{st or Pownr Unit ) ) '
v/hackup: Yos __No ‘/___
Antiskid Device: ' Yesn slo v
Parking Mcchaniam: Mlr

(rce deflinition) Yoo No
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VEUICLE INPORMATION SHEET

Brakcs
(contd): Friction-type Parking Brake: Hand Opecrated ()

' Foot Opcrated (Pf//
Nonservice Drake Type Parking Brake: Hand Operated ()
| Foot Opcrated ()

. Magter Cylinder Diamater:

Wheel Cylinder Diameter:

.

pescribe Hydraulic Circuit Split:

Flrs w7 [ 07621

. - tiill adjusters be locked out for this test series?

Yes No v~
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¢

*VEHICLE INFORMATION SHEET

Vchicler Make: ;_1/114 L7TD NUTSA No.
" Keded: YL SERIN cwr: L6775 ¥
Model Year: © /9704 Manufacture Date: 2/2¢

VNG GOE I/ GH 820  wneelbase: _/ 2/ o5
Engine Type: V¥  displacement: 737/ "”JHp: —

Enginc Idle Speced: — Engine 'rim.ing: —
Pransmission: Type: V7O Spceds : J

" No. of Axles: 2 Ratio(s) —
GMR: Front: J/27 Rear: 2266

Tires:  Size: /A 7Yx 78 wtr: __ (00D YyrAr
aypes _(USTom oLy STEEL  [poisL

Recommended Pressure at GVWR: 26  psi front

. 2¥ psi rear
Brakes: Front: { ) Drum  ( Y7) pisc Diam:

() Bonded ( ) Riveted

~ Friction Surface Width: Length:

Rear: ( V) Drum ( } Disc Diam:
( } Bonded ( ) Riveted
rriction Surface Width: Length:

Variable Proportioning System: Yes " No

Birake Power Aséist Unit: Yes L~ No

Brake Power Unit w/Accumulator:Yes No L~

Power Assist or Power Unit

v/backup: ' Yos _ No L~
) Antiskid Device: ' Yes W

Parking Mechaniam; Hfr

{ree definition) Yos No




VEHICLEL INFORMATION SHEET

Brakes
(contd)s Friction-type Parking Brake: Hand Operated ()

' ' Foot Opcrated (L¥7
Wonservice Drake Type Parking Brake: Hand Operated ( )

Foot Operated ( )

. Magstler Cylinder Diameter:

Wheel Cylinder Diameter:

Déscribe liydraulic Circuit Split:
Frovr / 2Enn

ﬁill adjusters be locked out for this test series?

Yes No b/’//
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Vehicles

i Tires:

Broakess

‘VEUICLE INFORMATION SHEET

Maker ML CVIY MITSA No.
Moded: Do cpr ST whlt-  GWR: 2872
Model Year: © /927 Manufacture Date: 0Y/77

VaIWNGD722Y4¢2>2 08  wheolbase: _9 4.5 en
2
Enginc Type: QCZL. bisplacement: /%0/n Hp: G 2.

——

Engine 1dle Speed: — Engine 'rim.ing:

Transmission: Type: A ¥ 79 Speeds: 7

" No. of Axles: P Ratio(s) —_

CAWR: Front: /15 /7 Rear: = 2 ©69

. Size: 8[”) -2 Mfr: /f/ﬂ’z"froul_” .

Yypes ST LEL pPLLTLED NP IAL
Recommended Pressure at GVWR: _2% psi front

« SO psi rear

Front: ( } Drum  ( ‘/) Disc Diam:

() Bonded ( ) Riveted
Friction Surface Width: Length:
Rear: ( 2} Drum ( ) Disc Diam:

( ) Bonded ( ) Riveted

friction Surface Width: . Length:

Variable Proportioning Syatcm: Yes L No

Brake Power Assist Unit: Yes No L

Brake Power Unit w/Accumulator:Yes v No ol

Pover Assist or Power Unit

w/Backup: Yos —_ Yo =

Antiskid Device: ’ Yes o L
- Mfr

Parking Mechaniam:
(rce definition) Yos No




Brakes
{contd)

. Baster Cylinder Diamater:

pesceribe Hydraulic Circuit Split:

VEHICLE INFORMATION SHEET

Friction-typc Parking Brake: Hand Opcrated (wy”
Foot Opcrated ()
Nonscrvico Drake Type Parking Brake: Hand Operated ( )

Foot Operated ( )

Wheel Cylinder Diameters

S pons ) REBR

.ﬁlll adjusters be locked out for this test serics?

Yes No. v



‘ VEHICLE INFORMATION SHLET

Vehicle: Make: jMC K//(L//? ‘ NMUTSA No.
" Moded: 20/ SENNY GWR: Y P24
Model Year: © /9 ) Manufacturc Date; Z-

VNG AIALLTL2) 2792 wheelbase: _ /0O
Enginc Type: bCyd Displaccmnt:lff.'»;)ﬂp: 95

Engine 1dle Spced: - Engine 'rim.ing: —
Transmission: Type: A V78  speeds: N

" No. of Axles: L Ratio(s) —
CAWR: Front: ) 3 Rear: 2290/

‘ri.reaz . S‘izc: DYIYx Y Mfr: C— 0o 0)’ LH0
Cowypes _C VL TOM Loy 7 Collisop Poly ELRS
. - ’ Recommended Pressure at GVWR: _Z2 % psi front

2 psi rear
Brakest Front: ( } Drum ( l/)Disc Diam:

c———

( ) Bonded ( ) Riveted

Friction Surface Width: ‘Length:
Rear: | l/) brum  ( } Disc Diam:

{ ) Bonded { } Riveted

Friction Surface Width: Length:

Variable Proportioning System: Yes No !
Brake Power Assist Unit: “Yes No el
Brake Power Unit w/Accumulator:Yes No —
Power Assist or Power Unit - .
w/Backup: ’ Yos No —

) Antiskid Device: ' Yes o L

' Parking Mcchanism: Hex

(scc definition) Yoo No

78




VEHICLE INPORMATION SHEET

Brakes
(contd)t Friction-type Parking Drake: Hand Operated ( )

Foot Opcrated (Vr/
Nonservice Drake Type Parking Brake: Hand Operated ( )
' Foot Operated ( )

- Master Cylinder Diamcter:

Wheel Cylinder Diameter:

Describe Hydraulic Circuit Split:
[T n 7/ REHR

éill adjusters be locked out for this test series?

Yes No




4‘.-_ ' .
e
o . VEHICLE INFORMATION SHEET
‘Vehicle: Makes CHLEVY NeVH YHTSA No.
' Hodels Y DR SLVNN CVWR: Y926

ﬂ.ret t

Hoded Year: ¢/ 926 Manufacture Date: //Z?J/
VINGg /X699 L EW )Y 7117 Wheelbase: _/// @

7
. Enginc Type: k ¥  Displacement: PS50 Hps

"Engine 1dle Spced: — Engine ‘rim'ing: -

- fransmission: Type: A V70U Speeds:
" Mo, of Axles: 2 Ratio(s) —_
CAWR: Front: 2 7 // Rear: 24572 i

_ Size: FR)vo x?¥  utrs JIRE rTony

Rears ( 14 prum ( ) Disc Diam:

Front: ( ) Drum ’/) Disc Diam:

Syper  SVILER )2 PP/ .

Recommended Pressure at GVWR: _J 7 psi front

. 28 psi rear

0 ) Bonded ( ) Riveted
" Friction Surface Width: Length:

( } Bonded ( ) Riveted
ftlction Surface Width: Length:

- Variable Proportioning System: Yes L~ No

‘Brake Power Assist Unit: Yes - wo
Brake Power Unit w/Accumulator:Yes No L
Power Assist or Power Unit : A s
w/Backup: . Yos _No 7
- Antiskid Devices ‘' Yes v 0
Parking Hechanism: M [JCLLILTY Jeoyis
{zco deflinition) Yor No
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Brakes
(contd):

. Magter Cylinder Diamcter:

Describe Hydraulic Circuit Split:

VEHICLE INFORMATION SHEET

Friction-type Parking Brake: Hand Opcrated ( )
Foot Operated (L
Nonservico Drake Type Parking Brake: Hand Operated ( )

Foot Operated ( )

Wheel Cylinder Diameter:

Flopr ) Zrine

Y bt //MZ ,441 ) /W/ Lo 7ond.

ﬁlll adjusters be locked out for this test series?

Yes No L///

. .



Minimum Stopping Distances and Wheel Lock Conditions

Tables C.1 through C.5 summerize the minimum stopping distances

and the wheel lock conditions for the minimum distance stops for
each of the five test vehicles in each of the 28 tests. Figures C.6
shrough C.10 give the peak to peak steering wheel displacement angle

and the number of steering wheel reversals for each vehicle in each

of the 28 tests.
test conditions are:

HI-CO. ST.
LO-CO. ST.
HI-R. SP.
HI-L. SP.

ST.
ST.

RI-CO, T-R

HI-CO, T-L

L0-CO, T-R

Lo-Co, T-L
HI-R, SP.
HI-R, SP.
HI-L, SP.
HI-L, SP.

T-R
T-L
T-R
T-L

Abreviations used in the Tables discribing the

High Coefficient. Straight

Low Coefficient. Straight

Split Coefficient. Straight. HI-CO on Right.
Split Coefficient. Straight. HI-CO on Left.
High Coefficient, Turn Right.

High Coefficient, Turn Left.

Low Coefficient, Turn Right.

Low Coefficient, Turn Left.

Split Coefficient. Turn Right. HI-CO on Right.
Split Coefficient. Turn Left. HI-CO on Right.
Split Coefficient. Turn Right. HI-CO on Left.
Split Coefficient. Turn Left. HI-CO on Left.
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Table C.1.
Wheel Lock Conditions.

TEST CONDITION

1976 Monte Carlo, Minimum Stopping Distances and

60 m.p.h.
40 m.p.h.
40 m.p.h.

40 m.p.h.
40 m.p.h.
40 m.p.h.

40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.

HT CO.
LO CO.

HI-R,SP.
HI‘L’SP.

HI CO.
HI CO.
LO co.
LO CO.

ST.
ST..
ST.
ST.
T-R

T-L
T-R
T-L
HI-R,SP.
HI-R,SP.
HI-L,SP.
HI-L,SP.

T-R
T-L
T-R
T-L

STOPPING DISTANCE - FEET

1st. EFF.

174.0 (LF)
110.1 -

96.4 (LF,LR)
108.0 (RF)

83

2nd. EFF. 3rd. EFF.
179.0 (LF) 161.0 (RF)
116.6 (LF) 95.7 -

109.1 (LF) 107.9 (LF,LR)
113.1 (RF) 102.6 (RF,RR)
72.9 - 69.7 (RR)
72.2 - 67.1 (LR)
132.8 - 109.4 -

120.1 - 9.8 -
116.2 (LF) 110.1 -

108.5 (LF) 109.1 (LF,LR)
115.9 (RF) 112.5 (RF,RR)
109.3 (RF) 102.6 (RF)



Table C.2.

Lockup Conditions.

TEST CONDITION

60 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.

HI CO. ST.

LO CO. ST.
HI-R SP. ST.
HI-L SP. ST.
HI CO, T-R

HI CO, T-L

LO CO, T-R

LO €O, T-L
HI-R, SP. T-R
HI-R, SP. T-L
HI-L, SP. T-R
HI-L, SP. T-L

1976 Ford LTD, Minimum Stopping Distances and Wheel

STOPPING DISTANCE - FEET

Ist. EFF.

175.5 -
125.3 -
124.1 (LF)
126.8 (RF)

84

133.0

2nd. EFF. 3rd. EFF.
184.0 - 159.2 (LF)
140.6 - 124.2 -
118.5 (LF) 122.4 (LF,LR)
129.6 (RF) 113.1 (RF,RR)
82.4 - 66.8 (RR)
81.5 (LF) 67.4 (LF)
153.1 - 114.4 (RF,RR)
(

147.4 (LF)

(
135.2 (LF)
122.0 (LF)
133.4 (RF)

(

RF)

107.0 (LF)
125.1(LF)
105.2 (LF,LR)
117.0 (RF,RR)

120.5 (RF)



Table C.3.

TEST CONDITION

60 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.

HI CO. ST.
LO CO. ST.

HI-R SP. ST
HI-L SP. ST

HI-CO, T-R
HI-CO, T-L
LO-CO, T-R
L0-CO, T-L

HI-R, SP. T-R
HI-R, SP. T-L

HI-L, SP.
HI-L, SP.

1977 Mercury Bobcat Station Wagons, Minimum Stopping
Distances and Wheel Lockup Conditions.

STOPPING DISTANCE - FEET

1st. EFF.

T-R
T-L

167.3 (RF,RR)
110.6 (LF)
17.5 (LF)

(

114.2 (RF)
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2nd. EFF, 3rd. EFF.
192.6 - 151.1 (LR)
119.3 - 102.8 -

15.5 (LF)  110.2 (LF,LR)
123.4 (RF)  103.3 (RF,RR)
85.4 (RF) 70.0 (RF)
79.0 (LF)  67.8 (LF,LR)
134.2 (RF)  115.0 (RF)
124.8 (LF)  107.8 -

121.3 (LF)  114.9 (LF)
106.6 (LF)  104.2 (LF,LR)
116.8 (RF)  108.0 (RF,RR)
118.1 (RF)  108.1 (RF)



Table C.4.
Lockup Conditions.

TEST CONDITION

60 m.p.h.
40 m.p.h.
40 m.p.h.
| 40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.

HI CO. ST.
LO CO. ST.

HI-R, SP. ST.
HI-L, SP. ST.

HI-CO, T-R
HI-CO, T-L
Lo-C0, T-R
LO-CO, T-L

HI-R, SP. T-R
HI-R, SP. T-L
HI-L, SP. T-R
HI-L, SP. T-L

1977 AMC Pacer, Minimum Stopping Distances and Wheel

STOPPING DISTANCE - FEET

1st. EFF. 2nd. EFF. 3rd. EFF.,
175.8 - 165.8 (LR) 176.6 -
141.8 (RF) 180.7 (RF) 143.7 -
111.0 (LF,LR)  121.6 (LF,LR)  127.5 (LF)
123.3 (RF,RR)  125.5 (RF) 112.4 (RF,RR)
| 75.8 (RF) 84.4 (RR)
71.2 (LF,LR)  73.8 (LR)
194.1 (RF) 136.0 (RF)
159.6 (LF) 144.1 -
169.0 (LF) 125.5 (LF,LR)
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125.3 (LF,LR)
136.2 (RF)
139.8 (RF)

(
133.9 (LF,LR)
133.9 (RF,RR)
(

132.9 (RF)



Table C.5.

TEST CONDITION

60 m.p.h.
40 m.p.h.
40 m.p.h.
"~ 40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.
40 m.p.h.

HI-CO. ST.
LO-CO. ST.

HI-R, SP. ST.
HI-L, SP. ST.

HI-CO, T-R
HI-CO, T-L
L0-C0, T-R
L0-CO, T-L
HI-R, SP.
HI-R, SP.
HI-L, SP.
HI-L, SP.

T-L
T-R
T-L

1976 Four Wheel Anti-Lock Equipped Nova, Minimum
Stopping Distances and Anti-Lock Cycling Conditions.

STOPPING DISTANCE - FEET

1st. EFF.

169.2 F&R
104.6 F&R
112.2 F&R
121.9 F&R
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2nd. EFF. 3rd. EFF.
172.2 (F) 152.1 F&R
102.9 (F) 99.8 F&R
116.1 F&R 125.3 F&R
118.1 (F) 128.7 F&R

75.2 F&R 74.7 F&R

71.9 F&R 70.6 F&R
110.4 (F) 99.0 F&R
106.9 F&R 103.1 F&R
135.0 F&R 124.6 F&R
148.5 F&R 144.9 F&R
144.2 (F) 147.1 F&R
113.6 F&R 125.9 F&R



Table C.6. 1976 Monte Carol. Peak to Peak Steering Wheel Displace-
ment Angle and Number of Reversals.

1st. EFF. 2nd. EFF. 3rd. EFF.
MAX. NO. OF MAX. NO. OF MAX. NO. OF
TEST ANG. P-P REV.  ANG. P-P REV.  ANG. P-P REV.
HI-CO, ST. 30 2 (LF) - - - -
L0-CO, ST. - - - - - -
HI-R, SP. ST. Failed Steering Wheel Angle Sensor. 110 4 (LF,LR)
HI-L, SP. ST. . 130 4 (RF,RR)
HI-CO, T-R - - . ;
HI-CO, T-L - - - -
L0-C0, T-R | - ; 60  4-
L0-CO, T-L : - - 40 2 -
HI-R, SP. T-R - - 55 4 -
HI-R, SP. T-L - - 200 3 (LF,LR)
HI-L, SP. T-R - - 80 1 (RF,RR)
HI-L, SP. T-L - - 150 3 (RF)




Table C.7.

TEST

S—

‘HI-CO, ST.
L0-CO, ST.

HI-R, SP. ST.
HI-L, SP. ST.
HI-CO, T-R
HI-C0, T-L
L0-C0, T-R
LO-CO Y T"L
T-R
T-L

HI-R, SP.
HI-R, SP.

HI-L, SP.
HI“L, SP.

T-R
T-L

1976 Ford LTD.

Peak to Peak Steering Wheel Displace-
ment Angle and Number of Reversals.

1st. EFF. 2nd. EFF. 3rd. EFF.
MAX. NO. OF MAX. NO. OF MAX. NO. OF
ANG. P-P REV.  ANG. P-P REV.  ANG. P-P REV.
Failed Steering Wheel Angle Sensor. 55 2 (LF)
100 3 -
200 3 (LF,LR)
140 '3 (RF,RR)
80 6 (RR)
100 5 (LF)
180 5 (RF,RR)
180 4 (LF)
200 4 (LF)
230 4 (LF,LR)
220 4 (RF,RR)
230 4 (RF)
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Table C.8.

TEST

et

HI-CO, ST.
LO-CO, ST.

HI-R, SP.
HI-L, SP.

ST.
ST.

HI-CO, T-R

HI-CO, T-L

LO-CO, T-R

L0-C0, T-L

HI-R, SP.
HI-R, SP.

HI"L, SP.
HI"L’ SP.

T-R
T-L
T-R
T-L

1977 Mercury Bobcat Station Wagon.
Steering Wheel Displacement Angle and Number of Reversals.

Peak to Peak

Ist. EFF. 2nd. EFF. 3rd. EFF.
MAX.  NO. OF  MAX. NO. OF MAX.  NO. OF
ANG. P-P  REV.  ANG. P-P REV. ANG. P-P  REV.
270 3 (RF,RR) 20 7 - 30 3 (LR)
15 5 (LF) 30 4 - 50 3 -
230 5 (LF) 80 4 (LF) 7,360 3 (LF,LR)
260 5.(RF) 180 3 (RF) 7,200 2 (RF,RR)
00 3 (RF) 80 2 (RF)
145 4 (LF) 120 2 (LF,LR)
80 5 (RF) 80 4 (RF)
140 3 (LF) 0 4-
130 6 (LF) 180 5 (LF)
200 4 (LF) 230 2 (LF,LR)
220 2 (RF) 120 1 (RF,RR)
170 4 (RF) 160 5 (RF)

90



Table C.9. 1977 Pacer. Peak to Peak Steering Wheel Displacement
Angle and Number of Reversals.

TEST

——

HI-CO, ST.
L0-Co, ST.

HI-R, SP.
HI-L, SP.
HI-CO, T-R
HI-CO, T-L

L0-C0, T-R
L0-CO, T-L

HI-R, SP.
HI-R, SP.

HI-L, SP.
HI-L, SP.

ST.
ST.

T-R
T-L
T-R
T-L

Ist. EFF. 2nd. EFF. 3rd. EFF.
MAX.  NO. OF  MAX.  NO. OF  MAX.  NO. OF
ANG. P-P  REV.  ANG. P-P  REV.  ANG. P-P  REV.
7 7- 160 3 (LR) 0 2 -
112 3 (RF) 112 5 (RF) % -
152 3 (LF,LR) 200 6 (LF,LR) 148 3 (LF)
240 3 (RF,RR) 240 6 (RF) 220 5 (RF,RR)
4 1 (RF) 190 2 (RR)
120 2 (LF,LR) 100 2 (LR)
0 3 (RF) 160 1 (RF)
152 2 (LF) 120 3 -
120 7 (LF) 340 2 (LF,LR)
240 5 (LF,LR) 280 2 (LF,LR)
280 1 (RF) 200 1 (RF,RR)
270 4 (RF) 200 5 (RF)
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Table C.10.

1976 Nova Anti-Lock.

Displacement and Number of Reversals.

TEST

HI-CO, ST.
L0-CO, ST.

HI-R, SP. ST.
HI-L, SP. ST.
HI-CO, T-R
HI-CO, T-L
LO-CO, T-R
L0-CO, T-L
HI-R, SP. T-R
HI-R, SP. T-L
HI-L, SP. T-R
HI-L, SP. T-L

Peak to Peak Steering Wheel

1st. EFF. 2nd. EFF. 3rd. EFF.

MAX. NO. OF MAX. NO. OF MAX. NO. OF

ANG. P-P REV. . ANG. P-P  REV. ANG. P-P  REV.

- 32 5 8 6 8 4

16 3 8 2 8 2

72 5 40 8 24 4

10 6 - 30 4 8 1

70 3 80 1

20 2 - -

30 5 30 4

60 3 40 4

50 6 80 5

60 5 120 7

40 3 70 8

40 5 60 7
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Table C.11. Repeatability of Experimental Stopping Distance
Measurements Expressed as the Percentage Difference Between Two
Shortest Stops.

MONTE FORD BOBCAT NOVA

TEST NO. CARLO LTD WAGON PACER ANTI-LOCK
1 1.4% 2.40% 1.6% 2.1% 3.0%
2 1.6 28.9 2.3 5.2 0.3
3 4.5 3.2 0.5 3.7 2.0
4 1.4 9.3 2.5 2.5 0.3
5 0.7 0.2 0.2 0.8 1.5
6 0.4 0.6 1.4 0.3 1.4
7 1.7 0.1 2.4 0.3 2.5
8 0.9 0.8 0.4 1.3 5.1
9 1.7 0.8 0.3 6.7 2.1
10 0.0 0.8 0.3 1.2 10.8
n 1.0 7.1 0.7 5.4 4.0
12 5.2 6.0 2.5 1.2 1.0
13 0.1 0.9 2.1 1.8 2.1
14 4.0 2.5 0.7 7.0 3.1
15 1.3 0.2 1.6 0.4 3.7
16 2.4 5.4 0.2 4.4 9.8
17 0.9 0.3 2.6 0.2 0.5
18 4.7 0.9 0.3 0.9 0.3
19 0.3 3.6 0.4 2.7 0.4
20 1.1 4.0 0.0 6.5 1.2
21 0.4 1.0 3.2 1.3 1.7
22 0.6 2.3 0.8 1.0 1.9
23 2.0 2.4 2.6 10.7 5.8
24 12.5 0.8 2.4 1.3 2.6
25 3.4 1.8 1.9 3.3 1.5
26 1.1 2.3 2.7 1.2 3.2
27 2.4 1.8 2.0 2.2 5.4
28 3.8 3.8 1.2 5.6 .7

Average 2.2% 3.4% 1.4% 3.3% 2.8%
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Table C.12. Average Stopping Distancé Variability for Eight
Surface and Braking Test Conditions. Average Values Derived
From Chart in Table C.11.

HI - CO Straight , 1.23%
LO - €O Straight . 4.00%
HI - CO Turn ' 1.28%
L0 - CO Turn 4.36%
SP - CO Straight - 2.29%
SP - CO Turn (Heavily Load Tire on HI - CO) : 2.44%
SP - €O Turn (Heavily Load Tire on LO - CO) 2.86%
SP - CO Turn 2.65%
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Table C.13. Difference Between Right Turning (TR) and Left Turning
(TL) Stopping Distance on High and Low Coefficient Surfaces. Average
of 2nd. and 3rd. Effectiveness Test.

VEHICLE (TR - 1) (R - 10)
Monte Carlo 1.6 ft. (2.3%) 12.6 ft.  (11.6%)
Ford LTD 0.1 ft. (0.1%) 6.6 ft. (5.2%)
" Bobcat Wagon 4,3 ft. (5.8%) 8.3 ft. (7.1%)
Pacer -~ 1.6 ft. (10.5%) 13.2 ft. (8.6%)
Nova Anti-lock 3.7 ft.  (5.2%) 0.3 ft.  (0.3%)
Average 4.8% Average 8.2%




Table C.14. Difference Between Right Turning (TR) and Left Turning
(TL) Stopping Distance on the Split Coefficient Surfaces with the
High Coefficient Surface on the Vehicles Right Side (HI - R) and on
the Vehicles Left Side (HI - L). Average of 2nd. and 3rd. Effective-

ness Test.
SP - CO SP - CO
HI - R HI - L
VEHICLE (TR - TL) (TR - TL)
Monte Carlo 4.4 ft. (4.0%) 8.2 ft. (7.8%)
Ford LTD 16.6 ft. (14.6%) -1.6 ft. (1.3%)
Bobcat Wagon 12.7 ft. (12.0%) -0.7 ft. (0.6%)
Pacer 17.7 ft. (13.72%) -1.4 ft. (1.0%)
Nova Anti-lock -16.9 ft. (13.0%) 25.9 ft. (21.62)

Averagé 11.5% Average .6'5%
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Table C.15. Differences Between Right Turning (TR) and Left Turning
(TL) Stopping Distances on the Split Coefficient Surface with the
Heavily Load Tire on the High Coefficient Side (HLTR - HRTL) and on
the Low Coefficient Side (HRTR - HLTL).

SP - €0 SP - CO
VEHICLE (HLTR - HRTL) (HRTR - HLTL)
Monte Carlo 5.4 ft. (5.0%) 7.2 ft. (6.8%)

. Ford LTD 1.6 ft. (10.29%) 3.4 ft. (2.7%)
Bobcat Wagon 7.0 ft. (6.6%) 5.0 ft. (4.4%)
Pacer - 5.5 ft. (4.2%) 10.9 ft.  (8.0%)
Nova Anti-lock -1.0 ft. (0.7%) 10.0 ft. (8.3%)

Average 5.3% Average 6.0%




Table C.16. Difference in Stopping Distance in the Split Coefficient
Straight Line Braking Test with the High Coefficient Surface on the
Right and Left Side of the Vehicle [(HI - L) - (HI - R)]. Average of
2nd. and 3rd. Effectiveness Test.

Difference in Straight Line (ST) and In-A-Turn (T) Stopping Distance
(T - ST) on the Split Coefficient Surfaces. T is the Average of all
SP - CO In-A-Turn Test and ST is the Average of Both Straight Line
Test in the 2nd. and 3rd. Effectiveness Test.

Sp - CO - SP - (CO

VEHICLE [(HI - L) - (HT - R)] (T - ST)
Monte Carlo 0.7 ft. (0.6%) 2.3 ft. (2.1%)
Ford LTD | 0.9 ft. (0.7%) | 3.0 ff; (2.4%)
Bobcat Wagon 0.5 ft. (0.4%) -0.8 ft. (0.7%)
Pacer 5.5 ft. (4.6%) 15.3 ft. (12.6%)
Nova Anti-lock 2.7 ft.  (2.2%) 13.3 ft. (10.9%)
Average 1.8% Average 5.7%
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Peak and Slide Surface Friction Measurements

Peak and slide surface friction measurements were made on the
several test surfaces used at the Bendix Automotive Proving Grounds

once each week during which vehicle test were conducted. Measure-
ments were made with the DOT Surface Friction Dynamometer, SFD, and
with the Bendix ASTM skid trailer. Both machines utilized the ASTM
E-501 test tire loaded to 1100 pounds with a tire pressure of 24 psi:
This data is graphed in Figures C.1 through C.6. Data from the
" Bendix skid trailer is incomplete because of several break downs
during the test period. Data points for the Bendix skid trailer are
the average values of the left and right wheels over one to three
runs. Both data points are ploted for the two runs made on each date
with SFD. No data was taken with the Bendix skid trailer on the
Split Coefficient Curved Test Surface because it was impossible to
operate the trailer in a straight path with both its wheels on the
curved test surface over a distance long enough to obtain a measure-
ment.
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Figure C.1. Peak and Slide Surface Friction Measurements on High
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Surface Friction Dynamometer. (x) Bendix Skid Trailer.
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Surface Friction Characterization as a Function of
Velocity and Vertical Tire Load.

Peak friction of the dry asphalt and wet jennite straight line
test surfaces at the Bendix Automotive Proving Grounds was measured
as a function of tire load and velocity for application of the
Braking Efficiency Technique (refl). This data is plotted in Figures
C.7 through C.9. The curves plotted are a least squares fit of the
expression y = AvZ + By + C to the data points plotted. The equation

- of each curve is given in the figures. The three figures give data
collected on the same surfaces on three different dates, June 8,
July 19, and October 3, 1977.
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APPENDIX D
SIMULATION RESULTS USING DYNAMIC BRAKING MODEL

A tremendous amount of information was compiled during the
simulation activities in this study - in the form of parametric
inputs to the computer program, and in the form of processed and
unprocessed simulated time histories. The purpose of this appendix
is to present that information which supports the main text of the
report, as well as simulation results which characterize braking
performance by means other than stopping distance. Thus, documented
here are the parameter values needed for the simulations, time
histories which illustrate the nature of the anti-lock system that
was modelled for this study, and processed data which quantify the
capabilities of the vehicles to maintain a constant path-curvature
when braking in a turn.

D.1 Vehicle and Tire Parameter Values. The definitions for
the vehicle and tire parameters are provided in Reference
[ 5 ]. Each vehicle required two sets of descriptors, one for the
lightly - laden condition and the other for the GVW condition.
Also needed were tables describing the spring rates at each wheel,
the shock absorber characteristics, and the front end camber, caster,
and toe data. The sources of this information are summarized in
Table D.1. Following are the parameter values for each vehicle,
consisting of:

1) Computer listings of non-tabular inputs, for both
lightly-laden and GVW conditions,

2) tabular inputs, and ,

3) plots of the tire model characteristics, made at APL
and based on the data published in Reference [ 7].
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Table D.1. Sources of Vehicle and Tire Parameter Values

KEY: Measured at HSRI
Estimated from other parameter values
Calspan TIRF data

Generalized estimate

¥
l!

=2 oo o m =
!

Value for Nova provided by APL

i .

MS - Measured on 1971 Mustang

Measured on Dodge Coronet

B - Measured on Brookwood station wagon
S - Specification

Parameter : Source

Monte Ford Chevy Bobcat AMC
APL No. Symbol Carlo LTD Nova Wagon Pacer

1 MS M,E M,E  M,E M,E M,E

E 2,3 MUF,MR E E E E E
4,5 IF, IR M M M M M

ﬁ 6,7 A,B M M M M M
i 8,9 TF,TR S S S S S

@ 10 TSR M M M E M
11,13 IX,1Z E E E E E

12 Iy M,E M,E M,E M,E M,E

@ 14 IXZ G G G G G
15 IR DC B G G G

E 17 RF M M M E M
19-22  AFKi M M M S M

24 RR M M M S M
25-28 CFiP,CRiP M M M G - M

@ 30 KRS DC B G G DC
3] R E C C E

" 33 FOT c C c C
% 34-38 Ai C C C C
g 41 KSC DC G G G G
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Table D.1. (Cont.)

v B e |

R 3 M R s a3 T B T B BT

ey

T o

Monte Ford Chevy Bbbcat AMC
APL No. Symbol Carlo LTD Nova Wagon Pacer
42 NG DC B S S DC
47 DC E E E E E
49,50 IWF, TWR E B E E E
51 IDR DC DC DC DC DC
52 ARR S S S S S
55 PT S S S S S
56,57  YSAi DC G G G G
58,59  PHSi S S S S S
77-80  KTi DC DC C C DC
85-88  Bi C C C C C
92,93 DELF,DELR M M M E M
130 AMCR DC G G- G G
131 ESP G G G G G
132,133 KSLi DC B DC DC DC
134,135 AAi DC B N DC DC
136 CCR DC G G G G
137 CFCR DC B G DC DC
138 AP DC B N DC DC
169 SNT C C C C C
182-185 SII C C . C C. C
- 196,197 EKI G G G G G
202-205 APFi,APRi C c C C c
206,207 MUSF,MUSR C C C C C
219,220 FEEI G G G G G
221,222 THEI G G G G . G
231,232 HI DC- DC DC DC DC
242,243 KCF,KCR G B G G DC
244 KSR -G B G G DC
245-248 RBi C C C C C
249-254  AFKi,ARKi C C C C C
255-262 OFCi,0RCi C C C C C
290 ROT o c C C C
291-295 RAi c C C C C
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The data used to simulate the 1976 Monte Carlo is given in
Tables D.2 - D.4 and Figures D.1 - D.3; the Ford LTD data is in
Tables D.5 - D.7 and Figures D.4 - D.6; the Chevrolet Nova data is
in Tables D.8 - D.10 and Figures D.7 - D.9; the data for the
Mercury Bobcat is in Tables D.11 - D.13 and Figures D.10 - D.12;
and the AMC Pacer data is in Tables D.14 - D.16 and Figures D.13 -
D.15.

The tires from which the parameter values were measured were the
following:

1) Uniroyal GR-70-15, which has TPC specification number
of 1007, for the Monte Carlo,
2) Goodyear HR78x15 -Custom Polysteel Radial, for the Ford LTD,
3) Goodyear E70x14, belted bias, for the Nova police package,
4) Firestone BR78x13 Steel Radial 500, for the Bobcat, and
5) Goodyear D78x14, Custom Power Cushion Polyglass, for the
Pacer.

Parameter values selected to simulate the Kelsey-Hayes anti-lock
system are 1listed in Table D.17, while the mathematical model of the
system is in Appendix F.

D.2 Simulated Anti-lock Time Histories. Figure D.16 illustrates

the operation of the anti-lock system by showing time histories of

the primary dynamic variables. The inputs to the anti-lock controller
are ¥ and W, shown in the units radians/sec and radians/sec/sec.

(With the assumed rolling radius of 12.1 inches, a 10 m.p.h. speed at
the tire surface corresponds to 14.5 rad/sec, and a 1.0g acceleration
corresponds to 32 rad/sec/sec.) The manner in which the volume in

the expansion chamber affects the pressure re-apply rate can be seen,
as can the dependency of S (the logical variable which defines the
status of the solenoid actuator) on H, the "HOLD ON" circuit output.
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