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Temperature field model of ball screws used in servo systems
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Abstract: The thermal characteristics of ball screws in servo systems were analyzed, then a simplified
temperature filed model was established to predict the temperature distributions and variations of the
ball screws quickly and accurately. The simplified model can predict the unsteady temperature rising
of the ball screws, however, there are big errors when the model was used to predict the steady tem-
perature variations of the ball screws. A new simplified model was built by introducing the factor of
time modification in the simplified model. The new model has a good performance in predicting the
process of steady temperature, however, there exist big errors when the new mode was used to predict
the unsteady temperature rising of the ball screws. Based on the performance of the two models a-
bove, a new interval model was also built and the parameters of the new interval model were identified
by the LS method. The results show that the error of temperature prediction is less than 0.5 °C for
different single thermal sources, and less than 0.8 “C for the double thermal sources. It concludes that
the interval model built in the paper has good performance in predicting the temperature variations of
ball screws.

Key words: ball screw; temperature filed; interval model; parameter identification

Wi B HA:2010-10-19; 11T HH#E : 2010-11-16.
BE&WAB :HKAHARB%EE%BTH (No. 50975206)



1152 b=

519 &

1 3]

e

RER AT R G IRCR & A A, B2 0
FHF B PUR AR L | =0k % 2 451 & S5 kG
WRIMRARG " . N TR IR R TR T B 9
FRIAIB, 225K FH 22 FT 10 . 8K 1 00 HE i g T 24
FLA R IR G 3800 T 22 ¥ FH R BOBAS . fif e
R R Ty B — A WA, — iR 2E Ik,
TR IR 2B 1k 3 B AR AR IR | A
it T R AR S S A T B 25 A T
SR 3 TG I 22 KT R B G B A 1 I B L A ST A Y
A BERY A e il b SR 22 AT R IR 3 5 R
T o F A R R Y AT R 22 A . H R T
B A I AL (N 22 5T A b2 W 4%
2 H @Rk Clnfg Tk B RO %, &
TS Vo M R 2 1) B T S ST T 3 S A 1Y
TR Bk 22 11 2 e Il JH A A 5 st [0 00R) 42 K22 1Y
Kim Ml Cho"/ | F 45 B JCAS R B 2 1 22 4T 1 i &
f 43 A A I 5 58 70 4% R K22 1) Otakar Horejs™ A
SR R O AR RS, T PR AT R Tk A A Ot
FENT T KL R GORTRY ;o DU K24 () Ahn 45
FI I 22 AT 17 f U B, B T i N 1 3
(10 S I MR TR A i B K A A B A B 5T
T 2R T 2 AT R v, X s
H ST AR BARME B T 22 AT R 22 @A H R 1Y
KB ABANAAAE S B I BRIE . o an , 2k [l 053 1Y)
BN SRR S A IR TR T R g, S
AP A 2 5 A $2 10 B9 A A 5 T B B RO PR
TCIEDR A 5L T B AR R R ST 0 A BT AR LR e
SEBRAR BUA i i 2% o O R 2 32 B R
1) B A

Ry fifp TR L AR [R) R, A SCHE O AT B AL B SR L
P T R 22 AT AR AR A TR S A R
T IS RN 22T 00 TSR S A IR ATIE L&
B vk g S R (R R BRR AT 5 A R R
TR RECERAL T S BER L O T 2
ASPIEAE TR 09 22 K10 BE 43 A B AR Ak, JF BLAT &
PR3 AR A

2 ARLABEGER

R iR K E LR T HER

“FL 5% SR ECh
e R M a=kipe, MMV

K1 zioREk

Fig. 1 Schematic diagram of lead screw
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Fig. 2 Schematic diagram of servo system
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Fig. 3 Prediction results of unsteady temperature
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Fig. 4 Prediction results of steady temperature

Temprature/C

ks

<Qev%?+cﬁv%w>-@aﬁ;iﬁ} RIS B ED
2 Vat

0Cx, )= an

hqev&fumv@w-@—wﬂjﬁ&ﬂ]<ﬁ§%%ﬁﬁm&>
0

VLB AR SCHEST W 22 AT IR B 3 03 B 22 90 Y0 B ¥ Bl L AR 12 DX ) % TR A A B 2 0, 5 A
L3 B2 B I (8] A8 AR A7 AE — A r Be X7 ARk 7y RURRID S Sr . U, Ol 1 4 o B 20 2 M0 B iR
BeIX [8] Z A 22 KLl T BN R RS B 2 5 R BE o b3 oy BE DX TE] 2 — A2 4] 3 D N A [ B

22 R BE AR A TR E . 120 s WYX TE]) . FESE @ A~ DX 0] Py AH [ 04 B 1) 05 40
4 Fr 7R R 22T B[R] s Bt o B ) A% £ 1 i ST A T e AR N Y i T i R AT HORE 6 .
Eﬁ%ﬁo 0;*(1.:]’"'91\]; jzls'"vlz)sﬁ#ﬂﬂl}%y‘jlo S,
T o IR KE B EG st a2)
14 2 L2
go tes ra s try ey ey N % Y
i | | W’ EC) = 2(95 —0; )7 (12)
= Lt L SRl i
i A EC) (B85 /N X 18] B S 5 2¢ 1) 4 B X ]
£ 6 55 ::‘
5 4 & K 3 2 A b
2 o%e®, oﬁ:::::‘ ‘ 3 7}% ﬁ: 9& &}i #}% 1jﬂ\
oty
e 2 e H B b — U 00 2 0 (1 O 3 P A
1 o - . § N
020 18161477 gem Sy B L5 S B 22T Y B PR U A 5 PR
o 0T FLHEAT HEIR, DIk B a5 A i A5OR =il R K
Pl 5 I3 Bofs B i 45 R a HZZAT TR M L A 1 IR R S

Fig.5 Prediction results of thermal model
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