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Effects of human-vehicle dynamics interaction on the handling
stability of miniature automobile
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Abstract; To investigate the influence of dynamics interaction between the driver body and miniature automobile,
the driver model was connected to the miniature automobile with spring-damping elements. A handling stability
dynamics model was constructed for the driver-vehicle system with 6 degree of freedom ( DOF). Based on the
parameter identification for stiffness and damping coefficients at human-seat interface, the numerical method was
used to solve the handling stability dynamics model by Matlab/Simulink. The influences of human-vehicle dynamics
interaction on the stable and transient responses of step steering were analyzed for the miniature automobile with
different curb weight. Results show that the human-vehicle dynamics interaction affects the roll response obviously,
and increases the steady stable values, peak values and overshoot. With the curb weight and size more and more
close to the driver body, the influences will be more significant. The human-vehicle dynamics interaction has a little
effect on the yaw rate, increases the tendency of understeering and enlarges the fluctuation of the yaw rate curve.

Keywords : miniature automobile; driver body; dynamics; handling stability ; parameter identification
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Fig.1 Diagram of human-vehicle system with 6 DOFs

12 HERFRYBEERSFE

iSSP I AV -1 PN ST
RNRA AT B S 4 R G RRE R 12 Bh 3oy 7
Fe. HH Y my W SR, m 3 R, w N
AT L | y R EE b NS LG50
DR HIEES, ¢ AMIMBIAA, F F, 530 AT IS
KR T1, a b 530 R i A B 3 RS b A B R
1, 7 GEZ R BERE , 1, %e X Bk se K, Ry
I MR R AL, C) SRR BHLJE R
g A EIJIEEE. TR AR, Ths 2 (R 5
NS

[CEER G OIS WE )

mu(B, +v,) —m.hd, =F, +F —F,, (1)

P Fy BB A Y J7 ) ERPERT .
WS Z By SRR
Ly, =aF; = bF, + My, (2)
b M, B A58 Z BhrrE 1.
BBy 58 X W SR 07 1
]lxs(bl - m hu(B, +vy,)=mghd, -
Kyb, = Coby + M, (3)
b My, B B N5 X g/ 4.
H T AR e F /0N, e I 00 i e PR AL T R 1
Bl P25 S MG 5] X 200, S8 TG00 i 1

a
F,=ka, =k(B, + T Eb, -8),

b
Fo=ha, =k(B, ~ v ~Ed).



St

- 148 - LN T

AN S

5 50 %

K. & s SURTFCEE A, ke ok, 53 3 R i 48 G O

TRRIEE , ap o, 285 A TG RGN, E, E, 533

SR I e i ) 2R

1.3 B AFIEHHH HE
BEETESNSHEILICN B (x, y, z) ,HR

M BE5SHHEANEEES, IFHWSH M IERL

i M EAM RN,

X
[Y
Z
Y =cos ¢,y — sin ¢,z
BHTESER G (g, 8., &), BRNAKA
Ay BEAEF 3 A A B WSS L G
Hh g — =S [z 3l i 2 Fw.

Z

1 0 0 x
=|0 cosd, =—sind, ||y],
0 sin ¢, cos ¢,

A

2 ANE—MR=ENED)
Fig.2 General spatial motion of human body

AR Ry AEMATESE R EOS I (] (8 — B 2

“d R, “d R,
A = A +8, X Ry,
—WrFECh

Cd(d Ry _Cd("d Ry “d
— =— +—(02., xR
dt[ dt dt dt dt( GB BC) 9
CA(°d R, -
dt[ dtmj =Ry + 02, % R, + 'Q(}b’ x

o

(2, X Ry) +28, XR,.
PRI, 25 3 AR B0 € 48 X6 T A
R, =ié5(: + ch XRye + 82, X (2, X Ry ) +

RGB + 20(}5 X kBC'
o, 2 A MK fE L B PR A bR W R, =
[lx At}, hz] ,lx\hz ﬂ‘jﬁé&, szfjjiigj‘jkm: =
[0 Ai, 0] ;FEhmEER, = [0 A, 0];%B
T 5 G AN, = [6, 0 y,].

FT LA APV y a3 g
ay, =u(By +y,) +17, —hb, — A (F +y7) + AL
R R ]

M,=1,®,+&,l, o,

Horps My, 9 g AR 15 0, S0 #1058 R AR
W, 9 F R BE SOMBRAERE 1, AR B ESE A
B sk A, HA

W, = [qbz 0 ’)/2] ’

0 -, 0
‘;’zz Y2 0 -9¢,,
0 b, 0

I, = diag [sz L,y [U] .
R ALR MM AR/ AR cos ¢, =1,
TR 2725 Sl N AR (g W 1 3 P-4 A A 43 3
T AR

m,a,, = Fy,

]ZXd)Z =mygh, = My + mzaz),h

Lyy, == M,
1.4 AN-FEREEEEREN
ARSI R g, ., AT y BHAYAH
REEEAL AS,,, AS,,, 41
ASW = At}, - hql (d)z - d)l) + lq1(lp2 - ‘/’1) s
AS([Z}’ = Aty - hqz(d’z -+ lqz<¢z —,).
P by ey AP ) g, 5 IR L T A
SR 1, 1, SRR, o,y SF IR
AR BIRE A2 A
N=ZFAET | FARBLOIT y Sl sisg-FHe
i Ib)
F, =k, AS, +c,AS

F =kyAS, +c,AS,.
F b,k SRR B 2 4 g,
0o by BEERRIE R e, e, 4F 3K
1 NSO bk i S g i aPA DI E.Zivs)
Fy=(F,, +F,)cos¢, =F, +F
58 X MEER 158N
M, = (kqlx + qux)(d)z -¢,) + (cqlz + quz>(d)2 -
b)) + Fohy + Fphg,.
ookt kK AV x BRGHLEE N R o,y
¢ o PGS x BT B JE R KL
58 Z St
M, = (kqlz + quz) (Y, -¢,) + (quz + C(,zz) (wz -
’j’l> - Fqulql - qu)»lqz-
Sl bk, AMHIZE 2 B L R R e,
¢, TP GE 2 L BLJE R4

2 ®HAE G S HRA
BORPRZE RIS B PRI 254 R % 28

qly



514

B, S WO R E TER N - 4230 1 2 A AL - 149 -

B oy M TN = 2 22 8] AH HL 3% 4 ) W B2 BHLJE #oT
W) 5 R IR B S AR S 5 1 T ikt T 2 M
Pl AR5 IR Z 6] B AH A R R LU SR %
(B A 24 3mSR A L) R GRS B,
SR AR5 R Ao 22 18] f) M RE BELJE R 88, 35 T
PRBAR & AT TR 1] 4R 3 5256 LA K

RAEFALFR, WNE 3 Frs.
dmw

M MRS

SRS
3 ZEREHEALERRE
Fig.3 Test and data processing
2.1 A-BRERIXR
6 5 R A AR PR L IR & AR A RS AR S A%
SR AL L. U T S B A 8 AR AN T 1) 1Y

R ok

B, R 5 ReAE AT PR A E 4, DL oy 5K
Ly J5 [ RSB ASE x 2 Sl SR ik 56,

RIS, IR FH B A PR A2 B A IR A e 2 %
R0, nN AL B R R AR R 2T I AR e
T, I AT O A5 0 AR LA X 5 A
i 2R S (R T 1) 4% 5% W 28 B T JRE AR A
AL A T F T 0 N - RGN AR5
U REEALG SR [ 7 2 T A5 8 TR I v 31 oK
BZRET | ERRm R A5 S, 2 AR S
YR TFRELL ;T A S A0 R R R 4
RIS, ZoR 2 BRI 7, ST H AR CE R
JR L T A AR A AR Y, R AT AS A g A g
ARGk AN 0.5~8.0 Hz E’Jﬁ%ﬁﬂi{ﬁ ERE Sy
0.1 Hz, B/ 5 L RFERTE] A 10 s.

e 3 A I ARSI S b, B SR 4 A B ok
FREEA— N LAy BhoF-shikse o ], iz & it
gt . X AT, AR 4 E KX ARME GB/T 17245—
20047 AR BISTHETR | AR A 46 B TR AR A
U B s 1 DL e AR B0 B IS T 00 46
B L AL, iR b AL A DR A AR IS AR VR y il
RTINS 88 B 380 5, A2 B TR 43 3 00 JHL Sy 8 A
B RN A y s B E S. AEmAS S A 5
[ S RO N o 75 220 S = & I S S 7 Nl Y Vi
Wy JINER B RE S SRR AT A bR AR e .

, d*(L, A)
al=(a1Al+ dltz I A(;la

, d*(L, A
o - (A . (dt)jA

Hb: Ay A A, S iR e fe R AR B AR ES
AR T5 T RS2 5 @, a, 10 F AR AR I
ERINEE ; a | a, /3B T RS AL bR
ENibDiEEY

BT AR BT A AR e B A R T Y
SRR AR R F T, DU R AT MR ARURE 1 43 A X ik
IARR A i A A ST A AR SE AR e
THRZR AR SR AE, DA AT 31 2 558 00 i A
M 7.

TESE x 2 SRS g b A b5
MEEE R BAEAL B U AR AR AR B TR R
PR At

®, =w A A,

wrz =w, A, A,
Hh: o, o, 53518 F | AR A0 8 0 e 1 £
s o o, 3R T R AR R T YA
HE.
22 A-HHRESHIR

AR H LR VA BT DA B i s S s v 2H 24
B, JRE AR 2R T e — R R I IR AR, PR, N -
R RGAE y WV RI2 8, 58 « 2 B EE 3, 7T LR
ORI B JE HIC i 5 B S B AR IR, 7
IR R G iE g, XIS, A SCR
3T H H R Sy R IR L 1 3 ﬂ‘iﬁﬁﬂﬁjﬂaﬁ
MNRB IR ShERE. W 4 B, 25 g, IR, 5
g, ARG B 4(a) ik A AR y iElﬂ—T—Zﬁﬁ,
4 (b) AT TR AL AR 58 o il 5 2% 2 Bl
) B N N Y 7 e 1 I NS 29 [ T e

SRS - B HRITIERET ¢, g, WA, | UK
JPEIE T A p.
Rx»/z
kpyscp ]
L /:,c(\zr"‘ q>
> Weril
ks l—dawv_")‘p Fpe s Coro %{‘)
kg s, Rx\/z,
wﬁl(l_x kq“wwp/: 2,@.
- Z§
I_> Ty d—/’ Rx/z

(a) y - FEhkm (b) %% x B 2 4l shAsi A

E4 A-H-_BHERE
Fig.4 Two DOF model for human-seat system



-+ 150 - ®oR

= AN

5 50 %

I 3 Mz sh i R RAA LU g —RE
Mz, + qu(kl - 9'50) + qu<x1 —x) =
Cp(kz - xl) + Kp(xz
M,x, + qu(xz - 9.00) + qu(xz —x) =
C(x, —x,) +K (%, —x,).
Horbe My M, 8RR (REEh IR ) xy v,
Nk (Faliks) K, K,, F1 C,, .C,, 5353 0 W1 B A pE
Je.
75 R P 320 [ R R AT e LI AR 4 | U AR AR N 7Y
ESUVAF
(-&’M, +joC, +K, +ijoC, +K)X, -
(joC, + K )X, - (joC, +K,)X, =0,
(-&’M, +joC, + K, +joC, + K )X, -
(joC, + K)X, = (juC, +K,)X, = 0.
1 B R R BRI R AT U BTRTR
Il N e ST 1) M 2 BELJE 2 8. S EGR B BT R
8 E AR pRECINR

- xl)?

ql

€= [[ﬂe(f) - }{hn(f) ]2/ [Iiw(f) ] : +
f=05
> () - (D17 (D]
f=05

Hrp, vy, Hy, S5 RN | AR R A5 N e
¥,H, =X,/X,,H,, =X,/X,.

T JETE SoildWorks HvEE N7 AR N AR = 4ERR
Al JfFF A ADAMS DIHEF | AR BT LA AR T
& H UL I s IR = 2 AR (B8 175 em,
TRTE 70 kg) Nl 5 fFim. SR A BE R kT FoRk H
T BRES I dae /MR TEUM N — ey S5 1T A I RHLJE S50
ZERNE 6 .55 1 iR,

£1 A-HEEAZSH

Tab.1 Identified parameters of human-seat model
2H kqlm/ kquy / kqlrz / quu- /
(Nem-+rad?) (kN-m™') (N:m-rad') (N+-m-rad")
e 186.3 14.1 1383.3 156.3
brif 22 37.2 1.1 61.3 9.0
2R qu!)‘ / qur: / Colre / Colry /
- (kN-m™?) (Nem-rad)(Nemes-rad?) (N+s-m™)
¥{E 12.5 542.0 3.7 198.1
PR 1.0 52.9 1.1 32.6
B8 Colrz / Coam / €y / Coar /
N (N°m-s-rad ) (N-m+s-rad?) (N-s-m') (N-m-s-rad”?)
brifE 2z 26.5 5.0 423.3 20.4
24 2.8 2.8 181.1 7.6

5 =4 AfkiER

Fig.5 Three-dimensional human model

B %/ Hz,
(a) L8 fili%% 2

0 2 4 6 8
i/ Hz
(b) y=F-3)

B/ Hz,
(OF 2 E35)
Ee6 HMZMGHER

Fig.6  Results of curve fitting

3 WMARERIBEEITES AT
TEHFE(1) ~(3) A2 F, =0, M,=M, =0,
AR BT BN 30 100 A VR OB B0
FRoE iR O T FER AL AR 5 — H HE AR
VTR ELAE G a3l R N L B 0 5 B
RIS I 2 W A 2 (AR 632 3 2 A
FH W2 3 AR AN o AR — AR, i e i



B, S WO R E TER N - 4230 1 2 A AL - 151 -

514
IR R A R T o L o 0 A B AR AL Al i B
NE

l[,=1,+1,1,=1,+1L,m =m, +m,,
m,=m_+my,h=(mh, +mh,)/m.

Tt Twizy ATTRMB B, em FE N
40 km/h X F B RAE 100 kg 2247 B0 4, Hif
BB — AN 20 km/h. DL Ab— 308 B 9%
TR R 2 R R R DL e T A S A
AU A PRIFEE R REEANS | I R 28 o 2 3] 200 kg,
REER B, S % E N2 AU 4 0 B i A2 1

ROT BB C. ARSI ZAE 0.4 g 0 i) fin 2 32
AR 2.5 PN AR A s o 2R HCER SR AT A I BE R
BRI BB 0.3; B H IS L5
7% 0 ) v PO 2 %o A 2R 2 a0 v PO 2 2R 5
O B th ADAMS RE SDURE HLAS 73 F 22 36
A T SN R 2 FiR. 455
P AEAE AR BT Matlab/Simulink 3755 354087 TR
FEFE AR R 5O, 2 B 5 34 Z E] Y X b N - 4
B3 FRE G A P A [ R £ B A ORI A AR R
SEVERYFZI. AR 7 K 3 PR,

x2 HHEHIESH

Tab.2 Main parameters for simulation

PR my /kg a/m K(b/(N'rad*l) ke /(N - rad™") hy /m I, /m I, /(kg+m?) I,/(kg+m?) l,/m h, /m
A 450 0.800 13 000 -29 600 0.350 0.050 380.0 120.0 0.152  0.577
B 200 0.800 7 200 -22 600 0.350 0.050 174.0 52.0 0.152  0.577
C 100 0.600 5 700 -25 600 0.350 0.050 49.0 18.0 0.152  0.577

iRl my/kg b/m C/(Nem-s-rad™) k/(N-rad™") hy/m y/(m-s') I,/ (kg -m?) I,/(kg-m?) [ /m hy, /m
A 270 0.900 1143 -31 800 0.550 10 5.4 26.0 -0.153  0.767
B 100 0.900 663 -27 800 0.550 10 5.4 26.0 -0.153  0.767
C 50 0.600 496 -19 800 0.550 5.4 26.0 -0.153  0.767

sr 0.6
4r /N T‘.”
N Y 2 E 04r
N - = —— A AR A
B BB A _@ ----- TH A A A
=0 Y TCHBAETY A & 02
1t Ead
ijz_ﬂ(
0 | ) 3 0 1 2 3
tls tls
051 . - -
4 ~ e
o~ 204 Ff
I = = E
< = 03 —— BB A B
=g % 1R A /B B Boof o T L
= === TR B B B,
LHj O
: 0 1 2 3
0
1 2 3 s
tls
2 - 051
04
~ - g
NG AN = 03 B
&b T - - = — FBIEMGEC
= . +E§ ..... B/ A 1)
= i A I = 0.2 ToR AR C
g | — HIRHA B =
s N e TR AL C o4
i =
1 0 L
0 1 ) 3 1 2 3

t/s

t/s

7 DM R N4 A i B M

Fig.7 Responses of roll angle and yaw rate
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Tab.3 Steady-stable values and overshoots of roll responses
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