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Abstract : Recently, most cars have been equipped with an electric steering system(e.g., Motor Driven Power Steering or
EPS: Electric Power Steering [MDPS]) that uses a motor and a reducer instead of a hydraulic steering system. The use of
MDPS has been increasing due to its various advantages, such as driving convenience, improved fuel efficiency, and
capability to solve environmental problems. This study compared and analyzed the dynamic behavior of a ball-screw reducer
according to the cross-sectional shape of the screw trajectory. We first developed a dynamic analysis model for each part of
the non-circular cross-sectioned ball-screw reducer for MDPS. Particularly, the modeling method may influence the analysis
accuracy for small-sized balls and spline grooves, so they were modeled directly in a dynamics analysis program rather than a
3D CAD program. The results of the analysis were verified by comparing them with the experimental results. Finally, the ball
movement and nut reaction force, which can determine the MDPS reducer’s performance, have been compared through

dynamic simulation of non-circular and circular cross-sections.

Key words : Ball-screw reducer(&-2~=1 7+<57]), Dynamic analysis(5-2%] 3141), MDPS(#-52] Z3-X]), Non-circular

cross-section(H] 13 T1), ADAMS
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Fig. 1 Rack type MDPS with ball-screw reducer
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(a) Spiral spline generation

(b) Intersection of two spiral splines

Fig. 3 Ball track generation with spiral splines
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Fig. 4 Spiral spline in a screw shaft

o] % 25 F2o] oo} & Aol A Fig. 39] =
vto]d 2Z821S Booleansto] =9 ## Q1 &2l
5 HdISiThFig. 4). 2~Z TRl o] L (Fillet) 7+ A
I (Chamfer)= 29 -5 F3FS 2 5 o] v 5
Q&2 ADAMS ] Fillet 7]'5-& ©]-8-8Fo] 283831t
22 HEO| RH
o] AAE o] F = YES ~FER] &
VR 2 27 0] 2ol Y AE eSS
IntersectiondFATE U E oA & <=31&
T H(Return tube)2} A= N (End cap)
Sl G2 o] gl ol g FE FHe}t A=
&Rl Ho = Aojatal 4l AXES wet
< Extrusion &} A4J 3} THFig. 5). Fig. 6

E9] s mo]d,

W

oz o

=
o
Mo o py o Lo o [N

QL

.
fo & o

Mo oo RO
e N W o

ox, of

Fig. 5 Return tubes and end caps in nut

Fig. 6 Nut model

2.3 3} Hjojge| 2H

2 AT i B-2a7e YEE F 116719 E9]
ARE-E AL Gtk EO] 27191 A= Y ES] & AF ] 53¢
Ao 7 wjdsld o nlEke Coulomb S AFE-5FS
o} 9] vlEHA| 4= ASTM D57072] 80 °C 71914 300
N F22g Q17FskaL 50 Hz2 Whssto] WelE Q17het
= Al Avks olgste] 5 vEEAISE 0.067, A vhE
ATFE 012 7Hg 830

B A gk AEAE 4502 sz a7 o] 57t &l
o] o & 7174 g Romax 34 A& o] &8 thFig. 7).
WA gk 7)) F7F Hlo]Holl 55 500 rppm = 3] sHH
A 07 ko 2 3,000 N9 8158 <1718lar a4 &
Tl on o3 o] ZF migke] A ghol At
ATKTable 1). AlRHE F7F Hlol & A ah& HES] =3
2ol Ak d= 5o ViR o] 7HEgl e
.Y wjojg & Jle] F ek g Alktgke] 4ui]l 472
KN/mm< & 70 907H(Return tube A <])2] 1/321 307H
= o] 17 KNmm= 7Pk Bl @ Al
ADAMS 7]EZE21 10N - sec/mm= 7145} T}

(b) Stiffness analysis using Romax

Fig. 7 Estimation of ball stiffness

Table 1 Numerical result of stiffness for an equivalent

bearing
Stiffhess Numerical result
k x [N/mm] 14557.565
k y [N/mm] 1.185e5
k_z [N/mm] 4638.355
k xx [Nmm/rad] 9.7488e5
k yy [Nmm/rad] 76581.771
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Table 2 ADAMS model description

Item No
Degrees of freedom 737
Moving parts 139

2(Cylindrical), 10(Spherical),

Joint:
oms 2(Translational), 8(Fixed)
Contacts 368
Couplings 1 Coupler, 2 Bushings
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