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(a)without assist (b) with assist torque

Fig. 2.1 Example of human lifting force
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Motor controller PC ' Sub monitor

Fig. 3.1 Configuration of DS

Fig. 3.2 Appearance of the device
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Fig. 3.3 Steering device

32 AT TV U TT S AHIETR ORERL
FAVI NRIATE—FERWTERATT VT TNRA RAZEBHEDORTT Y 7

FAFT IV AETBLT 570, ZEFFE T CTRBFERELY A > B — & Rl %5 H
T5, ELEAT TV I TNRA, ZADEAF I 7 AEFPERTS L,

J6 +D6 =15, — 1, (3.1
LEREDH., 2T, ATT VU TRMRAEE 0 [rad], HEEDA T — % % Jkg + m?],
EE ORMEREE D[Nm « s/rad], E—¥ DS M7 %4, [NmlET5. R A \0
TELTZBRIS, RIANIE L SETWIRET 2HBHEOBEORAT TV 7 Z4 A F 7
213X THY, Q2XECHEANL 5 EWHETH LT,

tw=n — J)O+(Dn— D)6 +K, 0 (3.2)
NEHEIND., 203Xk ROz 2E—XDES ML r L LTHIET S Z & T,
DS IZBWCTHBHEDAT TV XA F IV A2HBLLTWD., KERTHEMT 5

VE—H ARG A—AZD—E % Table 3.1 (2T, 70, AEEBRHD DS OS5 IZITR
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JO +D8 =15, — (tu+ ) (3.3)

CAEIET 5 2 L TEAEN ASHEIF D, BHESHE MV Ho, BINSNDTE LY, o
ELDRINT—F~DISF MV LD, ZORIEIRZ AT 5 ERIEEZ OV TER%E
1TV, WEA B —Z o AKIE 28N LT BRI BEFEDO R M E BT A NSRS

VTR AT ).

Table 3.1 List of system parameters

0 [rad] Steering rotation angle

Jlkg-m?] Inertia of the device

D[Nm-s/rad] | Coefficient of viscosity of the device
7 [Nm] Driver input torque

7m [NmM] Output torque of motor

Jm [kg-m?] Steering inertia

Dm[Nm-s/rad] | Steering coefficient of viscosity

Km [Nm/rad] Steering torsional spring constant
Da[Nm-s/rad] | Steering assist coefficient of viscosity

Ka [Nm/rad] Steering assist torsional spring constant

SEAKERERE LR
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y Left wall Parked vehicle

1.57[rm] ---

------ op— O

»  Examinee’s car i
X !
120[m]

Right_wall

Fig. 3.4 Experimental environment in DS

Fig. 3.5 Road environment view

7.0[m]
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WERETORT TV TROA L E—H L ANRT A= EFRK 32 [TRTHICHRE
L7=. WIZ, 32 BECIRE LR E I XTREB O F OKFE T A —H (2D
TIN5, BRESBRVELR SR D, DT I)RTE L. 22T, 712 a 1XFA
D FAFERIC L0 BIETHBRFO 2T 7 U v 7 AHEE OFE N NOFRIERE L5 72 5
L LT30 EREL. £z, BRIESHRMIERIEOIMIE Dy 13 17.92 Nm-s /rad & L
. AU, BRI CHOW LN TV R A NZEEOEWMETH 5. Ktk tREo &
PFRAE Diar 15 30.07 Nm-s /rad & L7z, ZAUTFEBREEEOLZ SN L HEREBE LED .
WIZ, BT DHHINEIREE K, 01324 TE L. 1IERTEE Ko 1 11.5Nm/rad
&L, R THNLIL TN RIANAZEEORmVMEEZRE L. £z, B
e 71X 03s & L7z, ZHbaELHEbDERIIITRT.

EER T 2 BRE SR X RE L K, 36 J ORE AR D, DAL G D E 1K 3.6
T 4nNE— AR L. 77 7 OftEE - EVULRE, mriRicg e, STk
FESCERIEM A2 7R LT Y, BB T AR LT 5. 77 ZIdEhEHs &
OHEMEZAL Dl 2R LT D, Casel 1ZIEELK K, & Bt ARMVELR SR D, 133t —
EMETH 5. Case2 [TIXREE Ko I MH & BRESRREMERE D, —Eff & L7z, Case3 I
ITHER Ky —TEMHE & BRAE SRS D, FTAE T do 5. Cased 1TIXREEL K, T AHE &

BRAC SRR D AR DG 4 oL LT 2RO 2 L DT bDER 34 I1TRT.
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Table 3.2  Impedance parameters
J 0.03[kg*m?]
D 0.01[Nm-*s/rad]
Jn | J+0.001[kg  m?]
D, | D+0.3[Nm-*s /rad]
K, | 0.45[Nm/rad]

Table 3.3

Parameters of eq.(2.3) , eq.(2.4) and eq.(2.5)

a 30[-]

Dy 17.92[Nm-s /rad]
Diax | 30.07[Nm-s /rad]
Ko 11.5[Nm /rad]

T 0.3[s]

“HEHARFERFER LR RER
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Fig. 3.6  Four time trajectories of spring term K, and damping D,

Table 3.4  Combination of K, and D,

Ka Constant Variable
D, 11.5Nm/rad eq.(2.4)&(2.5)
Constant Case 1 Case 2
17.92Nm-s/rad ase ase
Variable
eq.(2.3) Case 3 Case 4
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AREFTIE, 1 B0 EEEBREAEAT O B, HRE I T O EBEHMEE H IC- DV ClE
BaiToThbbole., FREFHIEBEIZLLTOFMEREFO ANPS EDSHATHS.
FHIEE A 2D DISMERIEHE T, FEA3 2L s 35 5 BB, 2, 3, 4, 5TH
BaiToThH oW, FHliEE E [ 3MEFHMh TH 0, 7R 2 2H.0 &35 3 B, 2,
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BRAITONEE Z 2 MEHE L, RF 1L 2 FBEON EL L0 DIEE THEREZIT->TH
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ZRMI L 7=,

Table 3.5  Evaluation items
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INFEL, 4 358E W, SBRDENERsTWD. £z, RIFEOER TOFEROFY
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FOFRERETRLTWD. IHIZ, FEROFEEENHMO T T 7 2K 41177, EERFER
R THDE Case 4 ICBWTAT T U VAN A5 OBMEL R U L& U7z 1E %K
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Table 4.1  Steering angle velocity compared with own driving
Evaluation| 1 | 2 | 3 | 4 | 5 | Ave.
Case 1 1|6 [13]11 | 1]3.16
Case 2 03 [16]13 ]| 0 | 3.31
Case 3 517 (15] 5 0 | 2.63
Case 4 6 |2 17| 7 | 0| 2.78
4.50
4.00
3.50 [
3.00
@ 2.50
&
< 2.00
<
1.50
1.00
0.50
0.00
Case 1 Case 2 Case 3 Case 4
Fig. 4.1 Steering angle velocity compared with own driving (average)
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Table 4.2  Discomfort about steering assist torque

Evaluation | 1 2 3 4 5 | Ave.
Case 1 012112 7 1 | 291
Case 2 4 112 8 8 0 | 2.63
Case 3 09 10|11 | 2 | 3.19
Case 4 7 9 8 0 | 2.56
4.50
4.00
3.50 [ [ [
'_|3.00
@ 2.50
©
gZ.OO
<
1.50
1.00
0.50
0.00
Case 1 Case 2 Case 3 Case 4

Fig. 4.2 Discomfort about steering assist torque (average)

Table 4.3

The Change percentage of Casel (Evaluation item B)

Case 2

Case 3

Case 4

Percentage

-9.7

9.7

-11.8
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FTWeRo TS, Fiz, REEDYED 7 7 7 %K 43 17RT . FEEADEENKEWZ
EEAEMEN RO SR FIE T D, EHIC, WERFIETH D Casel 1ZxHT HEHOE
BEANRICHE LI b0 &L A5 1R T. AOBIEIXRED 2, EOKMEIZEME R~ L
TWo. MREHL L, TREBKNFAIETH L Case2 & Cased (T30 THAEMEREAMR
2% Case 1 1% L CENEIL 4.1%, 9.2%[0 925 2 &R TE 2.

T, B R OB EIER W B LT R A X7 T Y v TR D BT 5. Casel
6 4 OEFESRIFOITRER Ko ERMERE D, B L AT T Y 7 OHEEZ R LT
777 %K 4400 4TI T. K A4S AT OFEENT L SR SR ITRE, e
SRR S, AT TV I ABEA R LTEY, BEEISARIH AR LTS, Zh
DT T T7ERD L, KR D, & W22 L7z Case3 & Case4 IZH U TRER D 2 2551
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Flo, ATT VU THEEL 1 DICE LD b DOEX 4812777, X 4.8 D Normal &1
KBV AT KO N2, FEEERIEE RT A NSO TIToIZBEORAT TV v T fEE R
LTWa. F£7, RO THALZHHZIER LIS DO2K 49 1777, ZORRE A&
HE, IEREE K NFETHD Case 2 & Case 4 TlXInIREERER MA R 0O 258h 73 18 7 i
BRIV EN 2R LTV D 2 & AR C &, EREHmE B CREMESm L Lz Z &ico
RDHEEZEZDBND. KX, FRER KN —ETH5 Casel & Case3 TlEIalhHERIE

PRARKF DT 8B HIEIR L D b REI W, BEERM EL o7t EZbND.
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Table 4.4  Whether easy to operate the steering

Evaluation | 1 2 3 4 5 | Ave.
Case 1 1 5 171 9 0 | 3.06
Case 2 217 7 | 15 1 3.19
Case 3 2 (11| 11 6 2 | 2.84
Case 4 1 8 9 7 | 3.34
5.00
450
4.00
3.50
- 3.00
S
s 2.50
()
Z 2.00
1.50
1.00
0.50
0.00
Case 1 Case 2 Case 3 Case 4

Fig. 4.3 Whether easy to operate the steering (average)

Table 4.5  The Change percentage of Casel (Evaluation item C)

Case 2 Case 3 Case 4
Percentage 4.1 -7.1 9.2
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.4.4 Steering angle velocity (Case 1)

1.8

2.0




4

ES TS SRR O

28

K [Nm/rad]

D [Nms/rad]

a

20

a

Angle Velocity[deg/s]

0.2

0.4 0.6 0.8 1.0 1.2 1.4 1.6
Time[s]

1.8

2.0

0.2

0.4 0.6 0.8 1.0 1.2 1.4 1.6
Time[s]

1.8

2.0

40

20

10

0.2

0.4 0.6 0.8 1.0 1.2 1.4 1.6
Time[s]

Fig. 4.5 Steering angle velocity (Case 2)
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Fig. 4.6 Steering angle velocity (Case 3)
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Fig. 4.7 Steering angle velocity (Case 4)
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Fig. 4.8 Steering angle velocity
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Fig. 4.9 Steering angle velocity (Enlarged view)
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Fig. 4.10 Maximum of the angle velocity




HA4E ERERBLOER

Table 4.6 The Change percentage of Normal (Maximum of the angle velocity)

Case 1 Case 2 Case 3 Case 4

Percentage 5.7 6.8 -16.2 -12.6
1.0 . .
——-Case 1
Case 2
0.8 Case 3 | |
—Case 4
__0.67 ——Normal | -
g
> 04+
0.2+
0.0 ' '
0 5 10 15

X[m]

Fig. 4.11 Trajectory of the vehicle
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Table 4.7 Whether steering assist is good or bad
Evaluation | 1 2 3 4 5 | Ave.
Case 1 21511015 0 | 3.19
Case 2 1| 6 6 |16 | 3 | 3.44
Case 3 2110111 9 0 | 2.84
Case 4 1|7 8 | 11 | 5 | 3.38
5.00
4.50
4.00
3.50 [
— 3.00
(5]
32.50
= 2.00
< .
1.50
1.00
0.50
0.00
Case 1 Case 2 Case 3 Case 4

Fig. 4.12 Whether steering assist is good or bad (average)

Table 4.8 The Change percentage of Casel (Evaluation item D)

Case 2 Case 3 Case 4
Percentage 7.8 -10.8 5.9
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Fig. 4.13 Comparison between Cases
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