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Abstract

With rapid development of the national economy continuously in many
years, the truck market develops fast. And the heavy-duty vehicle is the main
direction of truck development. The heavy-duty vehicle has many strongpoints,
such as high efficiency, low cost, and so on. So it gradually becomes the first
choice of transportation. The production and research of the heavy-duty
vehicle are competition focal point in domestic corporations.

In this paper, taking heavy-duty vehicle as the research object, first
intfroduced the type, composition and development of the automotive
steering-system. Through analyzed the steering-system structure and
appraised the steering performance, it has researched computational analysis
methods of the steering-system kinematics character, suited computation
methods of the power redirectors, computational analysis methods of
movement coordination of the suspension system and the steering-system,
and so on. It also introduced selecting methods of the power redirectars in the
steering-system design. Moreover it also did the further research on the power
redirectors matching and coordination problem of the suspension system and
the steering-system, calculated steering wheel strength and momental
gradient when the heavy-duty vehicle matched two kind of power redirectors,
did entire vehicle performance simulation research on two matching schemes
of the suspension system and the steering-system. Moreover this paper also
introduced the character and function of ADAMS simulation software,
summarized the rationale and process of the dynamics simulation analysis by
using the ADAMS/Car module. And it established the whole steering-system
model, did the kinematics, dynamics simulations on the steering-system,
carried on preliminary appraisal in this simulations foundation. This topic
research has provided a more scientific method for the design and
development of the heavy-duty vehicle steering-system, improved the design
quality, effectively shortened the research and development periods, reduced
the development cost. It has explored the new way to enhanced the product
design and the manufacture quality.

Key words: Heavy-duly Vehicle, Steering-system, Power Steering,
Performance Analysis
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oG

oG
G'+__..___Aq.+
" ag ! ou

A, =0 (5-8)
b [
tl)j +¥qu =)
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BUDUE TR 20 3

B, JRRE s

Ag;=q,,-q;» Auj=u,,-u;, AA=h -7 (5-9)
B2 (5-6)40:
At = n(ﬁ)m ; (5-10)
HE(5-7)%0:
i€=(_1_);, G _, (5-11)
ag | hB, du

BRG-10MAG-1DFAR(GS-8), 5:

[ oF EF__LE] (@:)
dq (Bu hp, ou dq Aq _F
(““'1"-)1 I 0 Aul ={-G (5-12)
hby AL |-@],
S
[\ % I
A (5-12) LI H RBOE R R SRR S ELAERE,
oF

A W REWIBLAERE,

-%F—%%MEﬁ%:

F R mEE.
ou

B R ARG LSRR TR H AR, ADAMS RARS HET#

sk, M, M sEm D, W, A G g A gg )

BIENRIFL R, BRFELEAEN, RERBGREEHSE. WRRGES
RITEREEDTHRENRNZER, B2ZE, STT—HR0RE. FRIE

;g FROBLIK, EFRTHERIETH.

BZ, Ba— BB RBEERERETE . BOE TR EE R,

BRI Tl B0 B BURS 1
5.3.4 BMOFER. ENESH. MERGHH

5.3.4.1 B hESH
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R LR¥HE ¥R X

XNT LERB DS R, ERATEhE. BN SN, 2RISR,
IR RE, BRAWG-1)RTRNE %R,

d (gcz)

dg \ g Aq) _[-F _
a ) 619
w

5.3.4.2 izEh 9
BIEGNIREFEREREMIME. #E. MEERAREH, FRRE
KBREMLAR .
®(q.1,)=0 (5-14)

HE—w % B E . T T2 Newton-Raphson 48 K B

P
3;'; Ag; = —tb(qj,tn} (5-15)

fop, M9 wmel g,
T R . MR, AR A TR HRe S A,

ad\ | ad

(ngqﬁ—g; (5-16)
DY O L& D .. afad\. §[ad\.

i e Ul o T S Y
¢ AR R AR, T TR R T A,

A\ d(ary (oY

5 -1al%) () o 610

5.3.4.2 MEFRHIHR

FEIATEN S B AWML, ADAMS AShB TR KA, LMEEY
IR GRS b Bk SR 5 B RIBE) A ALY I A B, SRR AT {RAE R
AFTREIARE . MIBEEIVRT RBABNACIR . BB R E bR
KB /MER S,

(1) TG & 00 8 447

RE SO B B bR eR L, 4

1 L 5 n
%=52m@—%)+;w® (5-19)
A n—— R AT AR
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BOUE L RF T A7 30

m —— R R TR
D, A ARAT AR KA R R

o~ F P B PR HE R (XY SR DA RO ) 05 A A (B TR 3 S8 (R s AR 1
W,——34 L g, OISR B ISR 385 N g, RAETRALARE, W, UK,

MR PR gy RIEIAARE, W BUME: IREEFR TN g, B451E, T
W HEH,

LM, Mmoo, L _gm,
ag, A
n oAb
Wig -aq, Al
[ a, q°')+,2 ' g, i=l2,..,0j=12,..m (5-20)
£go4)=0. g,(@)=0 k=12,.mI=12,.m (5-21)

3 Newton-Raphson %A% AR 4 :

o Bq (5-22)

o P\ &, _
( 221’ szaql] ;aq,, {Aq,} -W.(q, ~9u)- 2
©o | ,(ay)

»

Wl Aqk,p =G pa Gy AA’I‘,)p = ’11?,”1 -11?}: 3 _F*’]?P RRH r AR
(2) VIREAEE B
SE SAHRL )R H bR R 8L, M-

L ——zw G- ) 2 , (5-23)
AP gy, — P B8 OHER A aRAT 10 I H0 0518 FE 1 P2 10 S Y Bh 4 P 4
u’;'—ﬁ@éus H‘Jﬂﬂﬁﬁﬁ:

Z"‘I’ 2o e,
dq, dat

A R NEE AR TR KR T .
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RO U ANFB AR

L B MR, W.'JH:I—%=0, gil,=0?§:

4q;

oL, ... . & {90,
—t = EA R
aq W (qx qU:)+ J( aq

=0 i=L2,.,mj=12,...m 5-24
aLl " (a@}.‘] - a(DJ. / ( )
P et/
a4, Z a, | &

E&ﬁ%%ﬁ%
A a Wiy,
aq" “l_l s k=1,2.,nj=12,.,m (5-25)
n am A,J’ _ j tha ARG R yerey
0 of
= 9q,

ERRXT g, ABLRUETE REEEREUEER, BIFTWMELS)
RO 5-22), FBTUBEEREG,, 4.

(3) FVMEINEE .. VRN RFTHSE, TEERDRATDETENRS
YR AR S H R E

AR R HEFRER S BIE:
2(’"5& (Qk ))‘h + 211 L(q): -0, (‘h,‘}k:t)

d’® aP,

de’;Z( . )q, ~h; (g :ot) =0
”f"{ii”,ﬁ}%(%]q zaq,( ) 22(6%3‘1]%%}

i=1,2.0;j =1,2,nm (5-26)

%Egﬁﬁﬁﬁﬁ%
2 i (40) 2 p
q; | |9k O, . L
. {A} {h,} iml2,.. 0 j=12..m (5-27)
a‘h

ERPHEFHEE SR, RAG-220F(5-25), Eik, TLKRG A .

5.4 (FRRAMET

BT R E RGN RN, 2 AR
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BB TRFW LS4

KA. MEREFE LML, OER TR EE U BB R,
ATHH ADAMS/Car M HIBIRI GBS, BRR. RINNRKETRE
B, FRAETEENGEMER,

¥ ADAMS/Car TR — M BEBEREME 2 I EBER, KA 4% Ll
T ER:

(1) BEXZTREANSWREZS 2N ¥R, HEEFREMKIE.

(2) HREZBENMEIPRELAMER, AMERIEBTEEIRETREE
(I8R5} . 7E template builder T &3 & F RAKH template L1, & X FREZ FH
communicator, %Wﬁ%fﬂiﬁ?}ﬁﬁm?ﬁﬂ%mﬂﬁ%%ﬁ]ﬁ??ﬁE‘J‘#ﬂ?ﬁe

(3) ERETRENTELSH. YRBERLHEBH.

(4) 7E Standard TR & FRAAM template ) subsystem 3L, IFRATFE

(5) 7 Standard TEILBZED assembly X, AR ETRAENERRER
GiER, :

(6) $rHBEHANARATEH, REARIRKMFETHETEERARE
K.

(7) HEHEERMMIAGLE,

RV AR, SHFRAEENTEENNEZERERTERENES
BEEERAMIER. AXTERENRA 1SO 245H. UBFIIBRRAANS
ZRABF, PRERSANRROCESNT A, XHRERRETEKIERS,
Y MiEEAENEN, ZHEERENLY.

5 4.1 BERNSERIMA

FERA 6x4 =H. FRABMAFERE, HEFHEREBEIE 51 FiF:
%51 FERBIBEASH

BEREH ¥1E
SRBRRF[/%/®], (mm) 9896/2495/3177
HEE (mm) 4325+1350
BEE (mm) 1939
e BHE (mm) 1800
Hi& (mm) 1588
JE& (mm) 2633
REBERRE (kg 11120
HEHFR (kg) 1224044 A (12500)
RIEH (kg) 4760
AR PSSR (kg) 6360
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AR T AZHE#Ae

5.4.2 HERAMB MRS

Bl 5-2 RIGILAE R RIS SR, S0 RER R HBEIRRAE RN
W, AFERE. EREER. Bal, BRPEs. £rEshih. ShaRg. 8
F&. BRERT. BERTE. BEMNEHELR 9 MR, 13 MEBAE, 1
% 5-2.

E52 HmARANBRBELAYSHA

B2 BEARM B (DOF) | A% E
' F5) a3 bARES
HERE 3 3 2
HahithE 3 2 3
FEhEHE 2 3 1
TR 3 1 2
e 1 0 1
B 2 2 2
BREsE 0 3 1
R RIEAEKES:
m=2x6+3x5+1x5+2x4+1x2+2x4+1%x3 =53
HaARKNBHEK H:

Kab6x9-madd-m=1
Bl: BmAREF—AadE—HFRZHHEE.

B 52 HRRHEL
5.4.3 HEaEF MBI MR
BRI 78 AT P e 5 8 B 1 78 O R T i R S L A R i
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R T AL

HELE AR, WE 53 fim. RS A EENTRNTEE, &
RS2 AT 19 e 8] R 350 43 TR o7 8 LA ST 380 A% o B8 1 B0 5 F R 8 T o 1)
WD POER, RS EH M TR, KNS
F=K(p-@)
K K —HRRETHERIE:
¢ ——HEREE RN,
g, —FIEHER .

B 53 i id st E R
5.4.4 BiRSEANET

R R B RAAN T EE TS, SRUHFREER, FREFHEM
RS, FERETRRERREN, O TRELE TEANEEESNE Y
ABORE TR, FRERERD S22 . SRS EER - RARE K
BiroEEY, wE 54 R,

Force vs Displacement
S

Displacement (ma}
Bl 5-4 Wk~ A
fE. ADAMS/CAR RIS, BB BE L HHRES
A, RIFFAREIHEESAT B, WU HBERE - & LRGN,
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R8T REREFMRX

AR SHFIFRATRRGE X, BRANHTHAERRENIESRE .
5.4.5 $AEABRNET

BREOBRMRENRAEHZEXEE, FARMERBNMRRIRE R
ARERJBEMNEEERE, si/ECKRMRRMENTE, BRReERELFEM
Kb, REHERREAIRER. Rpdin. CRUERN. FHk, B4
ERRBRER R4 LER.

BRAERKBTRERATREIARK, B —EEE LSy, 5KE
HEEKOXERUERBEREFAHFERML, EERENERRESN
BE, HBEMNENEAHHEERERXNER. TRIANELHNWEL, W8
HMATRANER, UK SHENEMER, AMEEENMERENF
PR R . ARSI AT EVRAY AT, RBRR TR TS INAE, LA ),
M B R B R4 .. ASMRENTREANESR, TEFEARMESHAN
L, W RFHRE LERE ERAM SN Trakh. £5E58E LE
AR REERELRATRE, SERGEALEFANTERESEANS
B, FRESMKETRIEAZH A, W mEIsy s M m HFaEH .
EIEHEMRBAES. AL HERBEE. QWA sMEA. SEHEH.
EREEANNEREHEENRY, MAMEXREAXHREXR, NEIHK
BRI AR, BEREWAREH TN .

S ZRRFRN FRENFILREE OB b, X 2R SRR A
{1 Fiala #AAHR, BAIE N 670kpa. BHERNE XSHWE 5-3 Fir.

R 53 REIGBENE XBH

B RESH
F# B 32 (R1)[mm] 632
B2 (R2)[mm] 187.5
4% 1r W 5 (CN)[N/mm ] 920
2 9138 B I (CSLIP)[N] 1200
Wl {mRI B (CALPHA)[N/Rad] 1000
AR BE(CGAMMA)[N/Rad] 111.13
3 /{8 % (CRR)[mm] 75
#2 ] FE JE LK (RDR) 0.08
ER TR BN HEER (U 0.95
ERHERINERREWQUY 0.85

HR B R TSRS, LRNRRERNE 5.5 FiR.
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LRL NN T s L UA 158

B 5-5 SR

5.4.6 BAKEREHER AR

¥ 1R & T RGBT ADAMS/Car Standard B2 T B0 % T £S48/ 1)
WIRE DT ERIERE, BENMNEREXS5E N FESZ AN FHEEXER,
BT B M AN EERY . [ 5-6 HEREREHERE EAEY ADAMS
B,

Kl 5-6 Bifhdtm RgHEA

5.5 RUPREEN N FHA

AEMRARE RIS S E RIS BIRETORN T, IKERINE
BRHBELY MR RO FREENFRITHE, HSEBIA TR KRR
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g BN 20 s v

PR F AR E AT B BRE S
BRI Z A AR ERR M ENRE. BN, TRt iRk

RREREWN G — 1 EESE. ﬁﬁitx=—3~z(a1-az)ﬂa, K M SR
a)’

AT R UA M ERMEA X, TREY, KM% SRR, B0
MgRHER R, Fik, REEMT. BRUKRALENEa, . o, BSHENNE
YHEXBR R FESH

5.5.1 ERMAMTENHEA. RIE\XTHLR

T $E R R A (toe_angle)FH 3T T 2248 16 B (wheel_height) ) £ 1 5-7 Fiow.

1000

75

LE]

$3

E z
% o0 15:%

15

LB}

-50.0 o0

a3

15

-10040 -25

(121] 10 20 30 40 50

Ansyns Lasl_Run Time (sec) 2006-03-27 20311 1

B 5-7 FHATR AN TER SR Lk

TEAERBENIE Y, HREEE, dTFHATOER, AEER S L%
LR, MIEAATRE ™ L mA. —HERE R ARGE—ENEE
M, TMRENRARERRLRE, TERRINBERES A

e Bhahet, RGBT .0IES), LA R E R, $R
B — TR RN E TR U R E R AREYE: B—FE, T
FRpE RS, SERBNER, MBETRRMENRER S0, FURtrE
FemT Ao PG BRSO B U SR BR AR fL . ARIR B 5-7 WTLAB IR E R M E R R AR
WA, RREERLR AT,
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5.5.2 ¥ [EE EMSREH NI

1 B R R R AR R ARE S SR i — Fior ik, RART R A R %
FEPUAR R B ERATY, Bahi B EREM R IEELD M, e
FEIRBE I M A RERL B T4, LRERENANER. R%
s ARERNERNEEE ERFMRAR. S FR&ERSRL 100 Kn/h K5E, i
ATEnE M E AR, BRI R B EER 70%H & LA 101
BERAERAT . R TE I 2 A I AT R IEE . IR R
A 02g. FESELE 5-8. Bl 5-9 F1& 5-10 Fr .

w0

kit il yuaty
s

TNE

&) b
e Ty &9 L 40 k2]
B mr EASRE W Trre czacn

Bl 5-8 (R IE E i SRR 3 P 1Y th 2

Anabar sradin o e (260}

o -
-z iy izl avr tag

Y

L

; .«.f:xt—'—' = ‘ 1‘
oy i Y 3 4 i :

s .Wt\;"' ‘mf!tmcsl mfﬁe] j
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RIEB TR A3

=] | ik sntiaes s sk z 3

L5 ;

¢ °"‘//\v/\ AANANTAWAWAY

LN

\;;h R R T T 535
AR BT L0 s i e

IR E

]

\/\ AADNN |

A AV AAVE A\VAVARE

g rs ;

E |

iy 4 o ) a Y i

=w w5 mmsrl D ey ""f }

EHiO&ﬁ@FﬁEﬁ%&ﬁ%mﬁ%ﬁ Tﬁﬁﬁﬁﬁﬁ $$nwmm

ME 510 WTRAEH, (5EAER N 110Km/h IR F £ 4 f FHEE £ B Fr i
KA S EHERARE, BIEARERMZEE<I10km/A, FHEH 110km/h
IR AT AR A TG R EE, JEEAT Uokwh &, BIEREERAREK
M, WA R e . Ul BRI R BT UAE e A fo &4 [B] TE 05 B
BB, WHEETS QUT480—1999 (FUERPEEHEIH PR A 510 7
EY MER. RIESERIEMTES R, KERZAERESNMEEHREN
1.25Hz, i &mEriERit e, UHEFHFRENERRENRIBRERATS

5.6 ZF /G

AEHENBT ADAMS HEKMHHE SFIhEE, 48R T RIA] ADAMS/Car
HRBETE) A G E AT S BB A HT T A2 BSL T A8 m Rt Ry,
M RKRAITESFIFHE, T ERGTHE BN TSR AN e
ERBEAERERA. RIEAEUIER RS RPIEYEE, bl bt
[ RGHAT T W19 4
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BN TR LA 8 3C

EXREH

7 3 LUE RIS SR RO R, T R M R R AR A i Bl
ERMVER AT T R, BT S REESER Y Bt 7. )i m AR
oot 8 77 vk BAREE A REUE A AN BT iEE . BB T EFR R RRN
WH R RENEEAE, AR BENERRERY, #TT 237
BE AT A FOAET .

(1) TR RSB, ST ERRER N REMSHERT R TR
B SRR, AL BT T A RN U REIVERER H . # X R
YeE2aG T R T R R R AR IR ) SRR IR A B R L Bl R
S RS ERR SR VR EEE ARV FA R T REUERR
SrA el R AT S

(2) BLFF R BILEFRTHEOREGRERRY, 3% R%
{66 R X A A R 8 B R A R, ESI A BILE R, AREX
T i R B 4R N h (e Bt s (R A A A R SR A A BT SR R X i e B
WA R BT

(3) Bor TERME KR ER R RARS VR, IR R p A
RN H e ) SRR SR K 4 B A T R A m p BT AT HEAT T SV E A
SLA P 6 I ER AT, ST RS A KRG RERO R A AR RS U I L H BB AR R
PR RRE, B R R AT SR R R B Rt AR B R X

() H T AR REHY, FRSEBRIRSHEE AR, £
REHIBLR AR, (AR A IR MR L. B 1 R AT BB
AR, AR b RENRAREILEY T IRR.

i T A K ER AT R A, R RfAE R wEl L. &5
A TAERUSERE b, S BRI BAZE LT LA SRR R T L1E:

(1) H— B RERFARENEH, RILEFR. LHFLZANEE, &
B HRERRE M ERS) L HEY, EHESRERFSLR.

() RAZBSEST S ERS S, EREMNEKWRNEMN L% EE
B4 i EE R FOBRB A RS H ) RO

) HAEERTRAR. HEAE. BEARALREFIEREZRNSHE
£, EITELEMRN A R UL ER PR R A,
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