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Response Characteristics of Ball Screw in Steering Gear under Internal Heat Source
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Abstract: When a ball screw in steering gear is in operation, the internal heat generated by friction and the
electrical motor will lead to the temperature rise and thermal deformation of the ball screw pair, which may further
reduce the running accuracy of the ball screw pair. In this study, a model for a ball screw pair in steering gear is
established based on the finite element method, and the moving frictional thermal load is applied to the ball screw by
inserting the command stream in ANSYS Workbench. The responses of the temperature, deformation, and stress are
analyzed. The results show that the axial heat flux of the ball screw shows a bimodal trend, and the high temperature
area 1s mainly concentrated in the middle of the nut moving range. With the increase in the rotational speed, both the
temperature and the fluctuation magnitude of the ball screw increase. Besides, the maximum thermal stress of the ball
screw is located at the edge of the shaft shoulder.

Key words: ball screw ; internal heat source; temperature response; thermal deformation; thermal stress

55 39 4 2022 4F5 6 W]

0 5%

FEHLIR CAT B S ) 2R e I AT HLA ,
R B 24T ) P T R SIS B T 2 00 A T AF K
WA AR S LI BB R R A AL
B 24 KT8 A T 00 3 4 5l ol WL 0 SR A L 2
T Bl 7R JE | 24 T 5 20 KT L T 0 Y 7
PR T IR L S BOR BR AL IR LT 4
¥ AR TE R RE A B R VR R 22 KT 938 4TS
B L6 T e A B B R L, 5 R R 2 KR

Y %8 H#3:2020-10-17; &5 B #§:2020-10-29

9K Bl 3 R0 B A A% Bl AR G AR A, T E R
ARG L MR S as ARtk . NI BTSSR Bk 22
FLAE A FR AR A TR 09 R 1 R 2 e LA, o R ik
Has ks EE Rl S B — 2 i TR S H M H.
FUAT , &1 30 e B AEHLIR Bk 22 AL AR PRI S A B,
HZ8Wr e e b THUR S . o [ Ah 2 5 3R
PR 22 KL R B SRR PE AT Y 32 24 R TR IR TH R A
T LA S iR 25 4ME T T . DU %25 18T #R 5 & 44
e 328 ML, 75 25 52 B B4 300 A B A F R R

TEEBN:H KI(1990—) B i1, 3= B 5T J7 10 by ik B 3R 458 5 07 S MRl 08 4 #r
BEEE MR (1958—) , B M4 40482, EBEFFSE )7 1 A HLAR CAD/CAE/CAM HLH — 1Ak



55 39 % 2022 445 6 HW S AEHLIR R 22 KA N R BRI AE T o o7 45 P 143

ANSYSS 43 #1153 IR Bk 22 KL R R S 5 W S 1R 2 2
AT AR TE o B B AR AR RS TR o W R 4
I SCHE N 2 RS 3RAT T A5 IR T AR T
SANTOS % 1 46 3 B8 $5 IR0 X 9 46 #4411 J5 2
AT BR G715 (FEM) X HL 3 9 AR P 147 i
I8 FH U A D g R A AR B AR e AT TR E
SR 1 S 6 AR AR 2 S [R] 4 3 0 VR Bk 24
FL R GE (IR A T o0 (A T B IF 500F . MIN S5 2%
JE T b AR 5 H S A =2 I A A kel L 3 2 A PR G
JrTE R T S AR Sy BT T VR BR 22 1 4 UK B
ARG TR A B AL 8 T IR BR 2 AT R R Bl
RSB0 R4 T 51 Y Th SR R (0 IS 5 1k

e P V5 A8 38 R 2 B ] AR SR ALK B Y
IR RG AT TR, i 78RR b T 0
— [ 5 A VR BR L AT HE 2 R G TR 3 DL K%
PRI 2 g W DL ZS O R BR 22 R R R ST X 4 E
25 VR BR 22 KT bt B 2h B, A5 B IR 3 4y

A, IF HL3E A -5 0 #E G o3 b 4 3 N g 0 A e
N o FEUESE Al b X R [F] 0T TR BR 22 R B
I B R i A R A IO . B S it i
% B 87 43 B 1 e R 25 MUK Z AT A% 3 R 42 1Y
FEG FIIAETE .

g Bk R A BT xR Bk 2 ALz A7 i
R v %y ) 07 AR P AT 0 L0 A R R TR BR 22 AT R
() — FP A RO IR AR SCRAREAIL P VR BR 22 LR
XS Gl R A R OCE A ANSYS Workbench
Hi A i 2 Y 7 3 B TR R 2 AT b R B AE
Bt B R B G i TR IR FLAE N
P PR A P RIS [) 2 8T ) Il T AR P O AR 4l AR -5
FAFEA D5 253 B A5 31 RIS TR B8N g e iy A

1 AR TEANZET

Xt AE AL PN VR BR 22 KL R R AT o At i
VR BR 22 FT 2B 0 H ML S A AR, 453 R 1 6 R
KRIRSEWE L,

F1 BMGENMREBERSHY

Tab.1 Materials and parameters of the components
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PRIk ZE/ (meC ) 1.12X10°° 2.3X10°°
L ZR /(Jokg™'eCTY) 460 875
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Fig. 1 Physical sample of the ball screw in steering gear
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Fig.2 Finite element model for the ball screw in

steering gear
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Fig.3 Schematic diagram of the moving heat source
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Tab.2 Heat emitted at different rotational speeds

3 /(remin ") 1000 1500 2 000
T JE R/ (Wem ™) 402 856.3 604 284.5 805 712.6
JEEEE]/(Wem™?) 4421.9 6619.3 8825.8
HLHL/(Wem ™) 880 1320 1760
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Fig. 4 Distribution and response of the temperature of the

ball screw at the rotational speed of 1 000 r/min
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Fig. 5 Temperature and heat flux distribution along the

axial direction of the ball screw at different time
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Fig. 6 Transient responses of the temperature of the ball

screw at different rotational speeds
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Fig.7 Total thermal deformation distribution of the

ball screw
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Fig. 8 Local thermal stress distribution of the ball screw
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Tab.3 Thermal deformation at different rotational speeds
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Tab.4 Final thermal stress of the ball screw at different

rotational speeds
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Fig. 9 Transient response curves of the maximum thermal

stress of the ball screw at different rotational speeds
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