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Abstract : As one of the major handling performances of the vehicle and tire, the steering feel is very important in the
high speed where safety and refinement is a major concern for the drivers. This paper presents both subjective and
objective techniques for the assessment of the steering feel including the on-center feel and steering response. For this,
subjective evaluation method of the steering feel was studied at first and then objective parameters were selected by
considering the process by which the steering feel is evaluated subjectively. From statistical analysis of subjective and
objective data for the several vehicles and professional drivers, it was found that the subjective assessment of the
steering feel could be successfully explained by means of the suggested objective parameters. Also, the main objective
parameters related to the subjective assessment of the steering feel could be found.

Key words : Steering feel(Z3F7)), Objective parameter( 2} #2 <1}, Subjective assessment(F347] 3 7}), Weave
steering($] 2. = 3F), Swept steering(2= % Z3F), Correlation(A+4])
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2.1 On-center

On-center A| oA 2}k Ao AR Aelz &
Zo|H, 2} £ == 80~180 kph A 9] m&olTh
2GR YAEET} 01 g A5 FAHFES 2
FHEHH, Jg9 w27 A F3783 El(quasi-
steady state)?] 0.2 Hz A = o|t}.

On-center 452 23 E9 #AE “On-center
effort” 9} x}= lﬂ-%"’ &A= “On-center response”
EAo g o AE HIAe o) Hrldk
o714 F7kAtel] ofsf ZHAE XeFe] “On-center
effor 54 & Fig. 19} 22 232] 0@ 2% &
A FAog vehd o= glon, y-So tiste] o3
o Uz} el Haha Yok ol 2L FyolA
ZE H 7 A= “Hollow-band”, “Friction”, “Stiffness”
E2-8 A3l “On-center effort” S48 71t
o} “Hollow-band”t= 23 E=19] Wsl7} ¢ln ¥4
A AR = g o] 2724 Fig. 1(a)oA] B
vl dfdstet. “Friction”-& “Hollow- band” %<
ol Z& £330 FI)o|u, A} 23k A| A ¢ uf
A(friction) H47} ABE|o] AT}, “Stiffness™= =
3F 3 o] “Hollow-band” J =& HojulyA] =8 &
217k A4 (build-up) F= 54E LERATE o714
GrlAHeL 2% B30} duhg F8HA 2718,
obgd EF9 FUPF A3 Ee v dYAANE
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Al 2wl ] A Z lo] 9l A(compliance), Elo] o] &) 5714
% (comnering force), A E E=(self- aligning
torque) & &= gt

H7kAb o3 ZA]g AFeke] “On-center res-
ponse” AL Fig. 1(b)$} 22 “U” &)= vpehd
= itk o 7)1 A @ 7}R}= “Dead-band” £} “On-center
gain” -2 3 7}3ht} “Dead-band” = £ 87+ ¢
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Fig. 1 On-center (a) effort and (b) response characteristics
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Fig. 2 Off-center(or Steering response) characteristics
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Fig. 4 Objective test results for on-center weave steering
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Fig. 5 Objective test results for off-center weave steering
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Fig. 6 Objective test results for low-g swept steering

FFz}o]| th3l Z3F E d(steering torque vs. steering
wheel angle)¢} 3715 o) gt ZE}F & =(steering
wheel torque vs. lateral acceleration) =FA © R BE] 2
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9] 7|7t o= A= QIVHE HIte F HA FE
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Table 1 Objective parameter

Test p No. Ref. P;
1 4) Steering wheel angle at 0 N.m
2 4) Steering wheel torque at 0 deg
Steering | torque 3 4) Steer!ng torque gmd!ent around 0 deg
f 4 4) Steering torque gradient around 0.05 g
vs. steering wheel angle .
5  4) Steering wheel torque at 0.05g
6  4) Steering wheel torque at 0.07g
On-center 7 8) Steering work
weave  Steering wheel torque 8  8) Steering torque gradient around 0 g
steering v lateral acc. 9  8) Steering torque gradient around 0.05 g
. 10 4) Steering wheel angle at 0 deg/s
Yaw velocity 11 4) Yawrate gradient around 0 d
vs. steering wheel angle ) Yawrate gra Een aroun g
12 8) Yaw rate lag time
13 4) Steering wheel angle at0 g
Lateral acc. 14 4) Lateral dient around 0 de
vs. steering whee! angle ) Lateral acc. gradient aroun: 8
15 2) Lateral acc. lag time
16  4) Steering wheel angle at 0 N.m
17  4) Steering wheel torque at 0 deg
. 18  4) Steering torque gradient around 0 deg
Steering wheel torque 19 4) Steering torque gradient around 0.1
vs. steering wheel angle . ‘g lorque gra 8
20 4) Steering wheel torque at 0.05 g
21 4) Steering wheel torque at 0.1 g
Offcenter 22 B) Steering work
weave  Steering wheel torque 23 8) Steering torque gradient around 0 g
steering s, lateral acc. 24 8) Steering torque gradient around 0.1 g
v Jocit 25 4) Steering wheel angle at 0 deg/s
aw velocity .
vs. steering wheel angle 26 4) Yawrate grad}ent around 0 deg
27 8) Yawmte lagtime
Lateral 28 4) Steering wheel angleatOg
ateral acc. .
vs. steering wheel angle 29  4) Lateral acc. gmd!enl around 0 deg
30 2) Lateral acc. lag time
31 2) Steering wheel angle at peak torque cur.
Steering wheel & 32 5) Steering wheel torque at 0.05 g
eenng wheel torque 33 5) Steering wheei torqueat0.1g
vs. steering wheel angle . )
34 5) Steering torque gradient around 0 deg
35 5) Steering torque gradient around 0.1 g
Low-g swept

Steering wheel angle at 1.0 deg/s
Yaw rate gradient around 0 deg
Yaw rate gradient around 0.1 g
Steering wheel angle at 0.05 g
Lateral acc. gradient around 0 deg
Lateral acc. gradient around 0.1 g

steering  Yaw velocity
vs. steering wheel angle

Lateral acc.
vs. steering wheel angle

166 sizxi=x2stal=2% 152 X435, 2007

0

1>

Observation

IOn-center effort
Holow-tand

On—cente: etfort
svaluation

[On~center response
Doa-barct

Ore-canter gain

‘obnervation| 1 I I I I 1 I 1 I
‘ctearvation] ] I I I | 1 I 1 I

On—center response
evaluation

On-cener tesl
evaluation
Steering
Time celay ‘Otwervation] | I 1 | I I 1 I I
Oftcerdar gan ‘Ctwaevation| I I 1 I I 1 I I I

R RERRAR (RRRNRE RANARE RRRRR: RERORN WANAR ARRROIN RRRRER R

Steering response
evaluation

Fig. 7 Problem sheet for the subjective evaluation of steering
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H71A) 2ke) 7k AT} Aol S T,
Fig. 1(a)$} 722 On-center2] ZE} E=10] E4]

7}1Z 95l “Hollow-band”, “Friction”, “Stiffness”
T gJE o7 AL8-319 1, “On-center effort” S

hgEoz ool Ayl zel B9 4y

V=2 3t} Fig. 1(b)2} 222 On-center®] -2

@ EA #U1E 93le] “Dead-band” 2} “On-center
gain’< # FgE 02 AL8-3}9 1, “On-center res-
ponse”E H7} FEo 7 A3l AF $H &
BGr71e =2 3t} o}-& 2 “On-center feel”E 7}
&0 F7}13ked On-centerol] thek TFHA A A5

B7HEE s

lO mlo o‘ﬂ, i 05,

Fig. 29} 72 Off-center?] EA HIE 935}
“Time delay”, “Off-center gain”2 & 350 & A}
£3}9 31, “Steering response” & H 7} -0 2 A 3]
o Off-centerol] thgh THHA H5& H7MSI=E
skt

B7kA7} B7h a8 FA(marking) 3= ol
A g o) 71EE HEES —s}ﬁit} A 37t
A7t RS BE e A71F Fig 79 2ol
“Small” 7} “Large” 2 THIEE 519 1:} ooz
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2310l 1-10 Alo] 9] A48 RAFEE a0k B
7F 85 i H+E FAIs] fEiAe

“Good”#} “Poor” & T EIIEE 31, nlzrlA| 2
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rately”, “Slightly” 2 Al Z&-38}3to] 1~104}0] &) &
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Table 2 Test vehicles and tires

B Inflation pressure of
k .

Test  yehiete Weight g | Wheel Tire Rim | tire (cgvesh
set base (m)
Front Rear Total Front Rear

1 Vehicle #1 | 993 944 1937 | 2.94 225/55R17V | 7.50 | 225 2.25
2 Vehicle #2 | 1326 912 2238 | 2.384 235/55R17H | 7.0 1 2.10 2.10
3 Vehicle #3 [ 1116 740 1856 | 2.62 | P235/60R16T | 6.5J | 2.10 2.10
4 Vehicle#4 | 1095 776 1871 | 2.64 | P235/60R16T | 6.51 [ 2.10 2,10
5 Vehicle #5 | 1056 710 1766 | 2.75 | P205/65R16H | 6.5] [ 2.00 220
6 Vehicle#6 | 771 801 1572 | 2.70 205/55R16V | 6.5] | 2.46 2.95
7 Vehicle#7 | 881 754 1636 | 2.70 205/55R16V 1 6.5 | 2.10 2.10
8 Vehicle #8 | 799  S11 1310 | 250 | PI85/65R14T | 5.5 [ 2.10 2.10
9 Vehicle #9 | 616 401 1017 | 235 155/65R13T | 4.5) | 2.10 2.10
10 Vehicle #10| 950 631 1581 | 2.73 [ P215/60R16H | 6.5) | 2.10 2.10
11 Vehicle #11} 1205 1054 2259 | 3.00 225/65R16T | 6.53 | 2.50 2.50
12 Vehicle #12{ 1039 703 1742 | 2.75 205/55R16V | 6.5) | 240 2.20
13 Vehicle #13] 676 445 1120 | 2.35 175/60R14H | 5.05 | 2.10 2.10
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= Ak o9} 22 4T BAS Yt 137] &b

o e AuH 4% A4 Blole 2 HrA} s3]
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A 5=(correlation coefficient)Z o) 231499110
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(variance) o]t} 4] ()3} Zro] A od ABA S+ ot

-1<R, <1 @

4714 B, =1 B R, =—10]% x5}y 2ol
Z}z} A g °J(posxtlve)44- S{negative) 2] A& AA
7} 95§ Jdebdth R, =02 x8}y Tholl & A 24
FHA = = ?JE Ltebit.

Hod BAE 98 E e dHoR “F Ax
Zroll= A3 ol gk ek 7Moo g HF
& 93RS 4714 pvalue® A§3ted 99
HEE AAsE Be JlEes AR 5
p-value7}0.05 Bt} Zt o 9l 9] 71 & 95% A B %
g zt3 7] Zbeke] g o] ke A& 9m itk

6.1 On-center Y& =& OIx}

On-center 918 %8k A ¥ 0 FEE] 3531 Table 1
o] 157)9] AR A5 ARE 7] A8 B4 &
48519t} Table 32 QAAE 7he] A# AR E
e Aoz FATE HFE A4 PEE, p-value
Eoladz A4 PEE el 9714 ARA
A% 2AE-2 Table 19 EAEH HEZ FASHY
t}. =, Table 19| A] No.19]] 3 33}+= “Steering wheel
angle at 0 N.m”$} No.2¢| 3] d&}= “Steering wheel
torque at 0 deg” 7+2] A+ A4~ Table 3¢] 7}= 134
M2 20 aFst= gH0.87)0)1H, p-value= 712 29}
7} 1o] s@3h= 2K0.00)0)t}. Table 38 477
8} pvalue 258 oh23 28 A48d 238 ¢
£ 5 YU

(a) 27 Ui 2EF EA FH2RE F&
H Q1AK1,2) “Steering wheel angle at 0 N.m”}
“Steering wheel torque at 0 deg” 7re] B & A4HA &

T

Table 3 Correlation coefficients (upper triangle matrix) and
p-values (lower triangle matrix) in objective para-
meters extracted from on-center weave steering test

Objective parameter
1 2 3 4 5 6 7 8 9 10 1t 12 13 14 15

9 |086
10 |0.02
11 |0.04 & =
12 |16 0. . . . . . . .. . 039 &,

13 |0.27 0. . 3 .. . . . . X 0.34 000

14 |0.02 0. .. . . » X . . X 0.00 028 027

15 090 085 073 061 066 094 095 023 029 045 067 0.01 0.01 049
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b e Awo] BaE T

“Steering work”(22)-2 ZgkZ}o]| T3t 3 U&= 9}
L &% 202 RE 221 912H26,29) “Yaw rate
gradient around 0 deg”, “Lateral acc. gradient around 0
deg s} v 22 hehiigich ol%) 2 e 42
S AF Yrisrel @ &% ST I 9 F 1)
= za2to] Hohx7] o
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Table 4 Correlation coefficients (upper triangle matrix) and
p-values (lower triangle matrix) in objective para-
meters extracted from off-center weave steering test

Objective parameter
2 23

17 28 29 30
O G431 6,77 039
< 0140074049
067 021 030
9 0135 0,00 +0.06.
(0207 0,60 030
021 062 033
045 073 040
043 028 039
30117 0.26 0.4
087 099 028
3 0.27 093 0.4
056 -004 062
040 045

21

17 | 0.00 5
18 |0.13 091
19 | 068 081
20 (0.05 0.00
21 (004 0.00 066 032 000
22 [0.00 0.00 086 099 001
23 (082 024 000 040 002 005 030
24 |041 040 022 0.00 040 007 028 090
25 |001 005 020 0.86 007 0.10 0.13 089
26 |002 003 081 067 0.10 0.08 001 028 045
27 |098 081 041 033 081 09 090 040 0.30
28 1017 065 001 068 052 048 063 0.14 059
29 [0.00 0.00 049 099 003 062 000 043 0.39
30 J0.19 009 05t 084 031 027 017 0.19 0.64

049

013 009

Table 5 Correlation coefficients (upper triangle matrix) and
p-values (lower triangle matrix) in objective para-
meters extracted from low-g swept steering test

Objective parameter

31 32 33 34 35 36 37 38 30 40 41

31 051 055 0.10 -0.17 0.56 -0.53 047 057 -0.66 20.60
32 [0.07 0.92 071 -0.10 1025 031014 039 -0.42 012 ¢
33 005 0.00 0.58 025 0.19 025 0.26 026 -0.36 -0.25
34 |074 0.01 004 +0.12 -0.06 “0.07 .0.02 002 -0.12 013

35 (057 073 041 0.69 0.50 048 012 0.59 048 012
36 |0.05 040 053 084 0.08 092 B.71.°0.96 -0.94 -0.80
37 [0.07 030 041 081 0.10 0.00 071 -0.86 0.96 0.74 -
38 |0.10 064 039 096 071 0.01 0.01 066 0.78 0.95
39 10.04 019 038 096 003 0.00 0.00 0.01 093 073
40 |00t 016 023 070 009 0.00 000 0.00 0.00 0.81

41 [0.03 069 041 0.67 069 0.00 0.00 0.00 0.00 0.00

s

@2 UehfE 212K37) “Yaw rate gradient around
0 deg” <} whe] & 43 & Ve i Qith o) 9F 2

6.4 FZX HIIQ AN M5 QIX}

Table 12] ZA#3 A% Q257 Fig. 79 0 3
7} @5 7o) 4B 242 ST Table 6~
Table 82 743759} p-value S HEHH Zoln, o]
2RE UeT 2 AU 29E 9L 5 gl

(1) 7k AAsE 28 E39 “Hollow-
band”+= Table 6~Table 72] “Steering wheel angle 0
N.m” ¢} Table 82] “Steering wheel angle at peak
torque cur.” QXS5 oAbl S veR Q) &
7HA Q1 &g AL A Table 89 29 23 Al
o] %% “Steering wheel angle at 1.0 deg/s”
(R, =06, p=0.04), “Yaw rate gradient around 0
deg’(R,, =—0.6, p=0.04), “Lateral acc. gradient
Ly =—0.6,p=0.02)0)l A o)1= AT A}

AL L}E}L}]Qj\\:} AZ FB7LA ) A EH e 238
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Table 6 Correlation coefficient and p-value in parenthesis
between subjective grade and objective parameter
from on-center weave steering test

Objective parameters

Subjective items

Evaluati Observation On-center weave steering
On-center Hollow-band Steering wheel angle at 0 N.m 0.0 (0.91)
effort Friction Steering wheel torque at 0 deg 0.8 (0.00)
Steering work 0.6 (0.02)
Stiffness Steering torque gradient around O deg 0.0 (0.87)

Steering torque gradient around 0.05g 0.6 (0.04)

Steering wheel torque at 0.05g 04 (0.17)

Steering wheel torque at 0.07g 0.6 (0.05)

On-center Dead-band Steering wheel angle at 0 deg/s -0.1 (0.82)
response Steering wheel angle at 0 g 0.3 (0.29)
On-center gain | Yaw rate gradient around 0 deg 0.7 (0.01)

Lateral acc. gradient around 0 deg 0.7 (0.01)

Steering Time delay Yaw rate lag time 0.1 (0.69)
response Lateral acc. lag time 0.4 (0.13)
Off-center gain | Yaw rate gradient around 0 deg 0.7 (0.01)

Lateral acc. gradient around 0 deg 0.6 (0.04)

Table 7 Correlation coefficient and p-value in parenthesis
between subjective grade and objective parameter
from off-center weave steering test

Subjective items Objective parameters

Evaluati Observation Off-center weave steering
On-center  Hollow-band Steering wheel angle at 0 Nom 0.0 (0.94)
effort Friction Steering wheel torque at 0 deg 0.8 (0.00)
Steering work 0.6 (0.04)
Stiffness Steering torgue gradient around 0 deg  -0.1 (0.86)
Steering torque gradient around 0.1g 0.4 (0.15)
Steering wheel torque at 0.05g 0.6 (0.04)
Steering wheel torque at 0.1g 0.6 (0.03)
On-center Dead-band Steering wheel angle at 0 deg/s -0.2 (0.50)
response Steering wheel angle at 0 g 0.4 (0.21)
On-center gain | Yaw rate gradient around 0 deg 0.6 (0.02)
Lateral acc. gradient around 0 deg 0.5 (0.09)
Steering Time delay Yaw rate lag time 0.1 (0.73)
response Lateral acc. lag time 0.5 (0.09)
Off-center gain | Yaw rate gradient around 0 deg 0.5 (0.06)
Lateral acc. gradient around 0 deg 0.3 (0.26)

Table 8 Correlation coefficient and p-value in parenthesis
between subjective grade and objective parameter
from low-g swept steering test

Subjective items Objective parameters

E i Observation Low-g swept steering
On-center  Hollow-band Steering wheel angle at peak torque cur. 0.2 (0.42)
effort Friction Steering torque gradient around 0 deg 0.7 (0.00)
Stiffness Steering torque gradient around 0.1g 0.6 (0.04)
Steering wheel torque at 0.05g 0.4 (0.15)
Steering wheel torque at 0.1g 0.6 (0.03)
On-center  Dead-band Steering wheel angle at 1.0 deg/s 0.3 (0.28)
response Steering wheel torque at 0.05 g 0.2 (0.49)
On-center gain Yaw rate gradient around 0 deg 0.8 (0.00)
Lateral acc. gradient around 0 deg 0.8 (0.00)
Steering Off-center gain Yaw rate gradient around 0.1 g 0.7 (0.00)
resp Lateral acc. gradient around 0.1 g 0.8 (0.00)

E 9] “Hollow-band” = %38 E= HolE bk &
Wt B0 O e A S LRk

(b) B7IA 7} 3 A= 2 239 “Friction” ¥}
“Stiffness” = 3 EI9] =7]|¢] “Steering wheel
torque at 0.05 g”, “Steering wheel torque at 0 deg” 9}

Zgzbol|l oidt = EAe] WstEkl “Steering
wheel torque gradient” 2} 434 9l A2 Vel
ok

(c) B7HA7} FA g A= §H<] “Dead-band”
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A& EMAS L, Off-center 9B Z 3ol A 53
=0.6, p="0.05)"l| A o]
LER ii‘jr
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PrtEEs 8 £x9 SH AAES VEE ¢
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AEAGE Bolal gnk vk @ £ &% °‘j"*%
BRI = )R} “Yaw rate gradient around 0 deg” i 4]
A8 2 F YATHR,, =—0.6, p=0.04). o]
7o A= HrA) z]—ak 229 “Time delay”
Brrshedl Aol A SEH o e 9%
2 UErAY. ZAZ Table 28] Al gollA A5
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Z}o] & 0.06 sec A B, Hrell =% gt} whabA 7t
ZAp7F o) 9} 22 2 Apolg W] FEst Pt
3t7]= o & Aol
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zi

l

nE e ox T

2t 3t gpo|of o] 273} Bl M FrkAL F 8
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sttt -4 28zl dig =3 HoH S AA|
3] EA3t 3 F7) 35S AR 3 AR, ol
547 #uEg Ay 4%
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