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Abstract : Skid mark and coefficient of friction are usually utilized to calculate the velocity and behavior of vehicles.
For a critical case such as traffic accident reconstruction, however, the initial velocity of the car should be calculated
precisely. In this study, the skid marks on dry asphalt pavement were measured, and the velocity at brake onset was
precisely recovered. A passenger car with new tires and non-contact optical speedometer were set up for the tests. A
new methodology to determine the more precise velocity for Non-ABS vehicle at braking onset were suggested.

Key words : Coefficient of friction(m} 7] 57), Tire(Elo] ), Dry asphalt pavement(71 % o} ~ZE X 31-1), Skid
mark(Z=7] =r}=1), Vehicle velocity (X} 24 5), ABS(E.# o] = 7H7] vF=] #+X))

LME Al ebA] eh 9ol = Hol & S48ty 2
S - S 7y mAYSE Thsade] B AT Y19S

T2 ALS = sl xlEk o s 9388 ol
e T R L aam o) wgetel Bolel 2 AT W

]O]'xj_ ST aE= jl']ol'7%14‘ TAE= \_Q"i]'7] ‘l4 H Iq]y i?]EU}ﬂl‘* _E'_Eﬂo]ﬂ Yﬂ]%"—% %}_% X]X]joﬂ/\i
/\1 }_GC}:}_ZJ'—T,]— ?:11—7]'” E_Eﬂ O]fj- Ei'] %‘% 701"5]'74] 5‘1}—7“ iﬂ]—i HLA{]}]E] X] o) ol =) 7%‘:q = 3z 33 3k E}— [SIRE] N
51, o] = elo o] Aato] AL Bk 44 fgm} i}aw f;ffw;g e ‘;j

. ’ RS | A A=
o & WAl Blo] o Apag 7] = vk (skid mark) ° B t" - o ol

=) 3Ly o o Z S onl= K '\’&]\j—r 717’:“? *—7]v«n}ﬂ /\] '_YX] 1:10] o]'ld Iﬁx}‘
g} 8ka1, FA 9] Efoloj =& Qv (yaw mark) - L
. b ndela e Az e Aol SRR )

o ] Ak o] of g,

HEAL A A ATV EAE SR I el mEAL s aAbhe Al
Er= A = 71 oA L= T X" -5 als AP =
s IR oIS Helel S A o2 mee we A aea vt g
2}-8-3}+= vl A S (coefficient of friction) & 2 & B
ahel Alskela Qe et g mvpas dgep T T B A e 2 e

327 SR A A G 0] HEE el A Y-S
"Corresponding author, E-mail: wsyoo@pusan.ac.kr Hzx U Ao S Agevhd W &%}



U7t - ST - A -

R R B
sl A So] el aketA| Ak meba
AL 227 Evfe] o) st vhaA 5
o)z AL we A FEE A
2.8 el A s,

S} 1o Aol ol 215 vHEA = Blol
o} g gEe] g Wit Hejo)a 9
SR RECERERERERS

=A==t

KRy
PNCEL b
2 BT

v,

1

4y [o oft 12
Wz e o

I o

rr
=

o

oo

e i

of T w
E
[e]

Bow
I-F o

1o 1
2

S O T

fo off oy nft @
N olﬂ

=2

2
ot
filo
=

Ir

w o

_>|”1_'4

o]z Hee
of| A up 7} 314
A gk AN 73] FApol| A A
=] mphEA 4271 0.46~0.88, 71
6~1.20717] e 3 9ok
Overgaard”= B¢ o] =1 &S BH-o x| ol A A
A&k AH7A DA F7ke] mpEAS 9 7
2435l Beola HES g AlHe =
s ATE STh 1] AT A B
A AGS W AHS G & 1

AbsLON A= H g8t7] ol g
=]

}_

N
)
|z
v}

Mo
2

i)
iin)
o
)

(o
Ry
et
)
k]

1o
_|Ij_‘
ey 42
rJ

o

o°

[ mwe
o fm 4 ¢

X

o

o
8y

r
f

r

H

il

El
+

L of
>

1% 7} 10~55km/h= S|
3k WEAL 7 A R = SRR
_]

| b Ao 4 85171

ul
B
bt

It
e g
Lo
o
S

o[

le;g
A
e}

it
2

s

Heinrichs? = E}o]o} o} 1= Afolo] 2-g-31= n}

HAAFE SHsI B ola A B2 Al Y
E£55 Fol7] 8l FFAYE 483A) 1y
U, Atz 25 4A] Bt Aol A= T
A E T 7 slon, Byola oA <] vh
A& Haety] 98] Al s A E s e m R A
TANE At 2A-83l7ol= T2 Stk
e A71enta ST SEA L] 2ag
Al 715 AASHA] K3k

2 AT E Bdola AES Hx g2 AH
ol A mi 7t LA E = A RAMA] AbE] SRS
Z78te] AATE Byola AgE HEx B A
Aol g AXE & v ANEE WS A9t
Ao, x nlEAF S Tk AEE I A
ok, LA L A8 nhE A= thE AT 7S
110 st=xisxtZsts|=27 M153 M235, 2007

o) 24 Aus A8 047} nejol v
S W Aol A Hh s waE e XH

2RO
211 MBI
AgA e FA ASE 7] 2,000 A
FAE/17H A2E BT AFS g, W
&71017k Folzk el A nelela AT Wk
[e)

T}, ABS(Anti-lock Brake System)”} *}-2he x}af-2-
vl 7F 3] LA A o m 2 g §oto =
21 7V gk 27| Enp A B E 2] ggol Al s A
= 3T 5 gl7] Wil 22 Non-ABS =+
oz A3tk 7IAX] FA5 o] &3le] B
o= s gel] FLF FS 7 5 QA A A
A2 WG] el AF 8okgol AL
A7F Beo] A HES wEa kA BEE 519
o Aol = 1A 1909 553 191 2}
st o, gAE gu s E3ste] Ags °

o)
160kg <= 71= itk

ol

o

ot O |
rlo Ol)‘

2.1.2 Efo|of

213 Efol o) & A 3 2ol F2bsle] Elolojo] =
2S5 3 AW faiA A et A1) =22 oF100km
Fegt vhg Ags AAIEAT) Elolof= Sl
A A2 AL AFEEFR AL, 3242 205/60R15 91H
otk &7t EAIE EF 714 (240 KPa) S
8319

2.1.3 [HEHMAM

B o e B ey M R i e S R
= -10%, +15%F 51-8-8kaL 911, AAl Ape] S
oF HIA A o] AT H7h dASHA| B
57wk i ATelM s AP S A
gt SA4sk7] Ao nF S Feka SRAME
AH8-8F91 AL, Fig. 13 Table 10143 242} Aol &

el m g} F0 APFE Eo13Har,



ZZ=st Mol A Non-ABS At2Fe| MSAIE HzAIM 2hy

e i 3 L A

Fig. 1 Non-contact optical sensor, speedometer

Table 1 The specification of speedometer

i Gt 2 ad
Fig. 2 Attachment of whee rotation speed sensor

Table 2 Specification of wheel rotation speed sensor

Item Specification Item Specification
Speed range 0.5 to 400km/h Resolution 600pulselrev
Braking / Coasting to 0.1km/h Output phase A,B,Z
M easuring deviation <+0.1% Response speed 1us
Working range of the sensor 300£60mm M aximum response frequency 180KHz
Analog output 25mV [ km/h Supply voltage 12-24V DC +5%
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Fig. 3 Dry asphalt pavement road for vehicle test
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Fig. 5 Skid mark according to skid test
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Calculation of Brake Onset Velocity for Non-ABS Vehicle on Dry Asphalt Pavement

Table 3 Measured data on dry pavement with whed rotation
speed sensor

Test | Lockup | Timeto| Lockupto | Tota
Test | speed | speed | lockup |stop distance|length| iz

[km/h] | [km/h] [s] [m] [m]
1 419 | 27.80 | 0.634 3.41 9.83 | 0.892
2 441 | 3226 | 0.526 4.84 10.65 | 0.845
3 43.8 | 31.99 | 0548 4.68 10.73 | 0.861
4 59.6 | 4443 | 0.654 9.50 19.25 | 0.818
5 61.4 | 4786 | 0.634 10.97 21.01 | 0.822
6 81.0 | 6445 | 0.763 20.78 36.66 | 0.787
7 82.2 | 66.55 | 0.665 22.73 36.80 | 0.767
8 | 102.0 | 82.40 | 0.801 33.93 54.89 | 0.801
9 | 103.8 | 8455 | 0.778 35.89 56.72 | 0.778
10 | 103.3 | 83.45 | 0.866 31.73 54.90 | 0.866
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Fig. 7 Brake onset speed and lockup speed
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