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Dynamic Analysis of Vehicle Steering System

Including Gear Backlash

Kim Jong-kwan, Kim Kyoung-Suk, Song Sang-Kee, Jung Jin-Hyoung

Abstract

The problem related to the rotational vibration at steering wheel end of passenger cars during
high speed driving is investigated. To analyze vibration of steering wheel, a steering system of
passenger car is modelled in twelve degrees of freedom including backlash effect of rack and
pinion gear system.

The one degree of freedom system with backlash in investigated by the analytical method.

Consequently the skeleton curve and the frequency response curves are computed.
The steering system is analyzed by the numerical simulation using the 4th order Runge-Kutta
method. the obtained results are compared with the experimental data. Also the effects of the
change of rack gear tooth stiffness and backlash on the acceleration level of steering wheel are
investigated.

As a result, it can be found that the acceleration level of steering wheel becames lower as the
rack gear tooth stiffness becames higer, and that acceleration level becames high as the
magnitude of backlash between rack and pinion gear increase.
keywords : ##3] (backlash), 2% (self-excited vibration), %7 (steering system)

i 8 A2 Z(rotational vibration), &3 U<t 7193 (rack & pinion gear),
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Fig. 1 Spring characteristics of piecewise linear
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Fig. 3 Steering system model
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Fig. 4 Modellmg of rack and pinion gear system
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q];‘d Jgak z‘sgaﬂ
M(1,1) =M +Ma1.
M(2.2) =M: +Ma2,
M(3.3) =M +Mu1,
M(5,5) =
*Ca)**2
M(6.6) =M-2*M*L*Ca+ 1"Ca** 2+ Mz " (1-Lc*
C)**2, M(7.7)=1+Mu L2,

M(1.7) =-M:"Ls-Mui"Le,
M(2,8) =M;*Ls +Mu2"Le
M(4,4) =M+ M.,
M-2*M*Ls*Cat 1" Ca**2+ Mur " (1-Le
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M(8,8) :IZ+MU2*LE**2;

M(9,9) = M(10,10) =M, M(11.1D) =1,
M(12,12) =1,
) Ml o]z M P
G(5. Ty =1,"Ca"y1, G(7.5)=-G(5.7).
G(6.8)=-1,*Ca"V2, G(8,6)=-G(6.8)
3) Wy F2as 4
C(l 1) /Ll**2+C[ r/Ll*COS(ar))*‘2.

C(1.3)=-C L/ Li*cos(a) *sin(at.)

C(2.2)= /Ll**2+(‘ *(Le/Li*cos(ar) ) **2,
C(2.4) =C,"Le/Li*cos (@) *sinlay),
C(3.3) =Cc+Ci+Cy+Csinla)**2
C(3.5) :CC'Lk*TOE/(él.*rto)—Ct*rfCa,

C{3.7)=-C*Le-C*B,  C(3.9)=
C(4.4)=C.+Ci+C+C: Sln((ir)"2
C(4, =‘Lk*TOE/ 4. *1t0)*Cc+Ci'rt*Ca,
C(4.8)=-C]L-B*Ct, (4,9 =C,,
C(5, ')) CHLK*TOE/(4.7rt0))**2+ Co+Ci. + G
*(r*Ca)**2,
C(5,7) =-CF Ly Lk *TOE/ (4. *rto) +8*C:*r. " Ca.

C(5.9) =C*L*TOE/ (4. *rto),
C(6.6)=C*(Li*"TOE/(4.%1t0))**2+Cy + Ci, + Ct

*(rl*c )**2

C(6.8) =C.Lk*Lx*TOE/(4.*rto)
C(6.9) = Cc L *TOE/(4."rto).
C(7, ) CL*Lk**2+C B2,
C(7. Cc*la.
C(8, 9)7— 3L, C(9,9)=2.*Cc+Cs,
C(9.10) =-C,. C(9.12) =-1,"Cs,
C(11.11)=Cx. C(11,12)=Cx,
C(12.12) =Cre+1,**2*Cy

4) Wy 2= 94

K(1.1)= L/L VR*O*K *cos{a) *2+1/Li*2,
K(1.3) =-(L/L))*K:*cos(a,) *sin(a,),
K(2.2)—(Lr/Ll)'*Z*Kr*cos(dr)”ZHI/Ll”Q.
K(2,4) =L/L*K;*cos(a) *sin(a;)

K(3.3) =K.+ Ki+ K+ K. *sinfa,)**2,



PZFA7IA71 €834 A 5 A Al 3 & 1996. 8

K(3.5) =K Ly *TOE/{4.*rto)-K:*1t Ca
K(3.7) =-K:*L«-K:*B, K(3,9)=
K(4,4)= KC+K1+K1+Kr'sm(ar)”2.
K(4.6) =-K*Ly*TOE/(4.*rto) +K*r*Ca,
K(4,8) =-K.*L«K.*B. K{4,9) =K.
(5.5) =K *Lk"TOE/ (4. rto) **2 + K * 1 **2*C.**
2+KptK;,
K(5.7) =-K*L«"TOE/(4.*rt0) *Lx + K. *1.* Ca*B,
K(5,9) =K Ly*TOE/(4.rto),
K(6.6) =K Lk*TOE/(4.”rto) ** 2+ K "1, " *2*C,**
2+Kp+K,,

K(6,8) =K. *L*TOE/(4.*1t0) * LK. *r.*Ca*B.
K(6,9) =-K.*"Lx*TOE/(4."rto),
K(7.7) =K’ L2+ K2, K(7.9)=-K "L,

K(8,8) =K Lk**2+K.*B**2,
K(8,9) =-K:'Li, K(9,9) =2 *K.+K,,
K(9.10) =-K, K(9,12) =-r,*Ke.
K(10,10) =Kn*Ke. K(10.12) =r,*Ks.
K(11,11) =1, K(11,12) =1,
K(12,12) =T, +1,** 2K,

5) 71x1g e
F(1) =Mu "d™:**2*sini;,
F(2) =Mu2*d* 02" *2"sinVe,
F(5)=Mur"d":"*2* (1-Le*Ca) *cos¥,
F(6) =Mu2*d"¥2**2*(1-Le*Ca) *cosle,
F(9) =S8gn(X,) *Ks*a,
F(10)= Sgn(X,) (-Kg'a),
F(12) =Sgn(X)* (-rp,"Kg'*)
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