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Selection of Measuring Position of Ball-screw Temperature Distribution
for Estimation of Thermal Elongation

B fE*! N RE*? Vi sk #B*3
(Kazuhiro YOKOYAMA) (Takehiko KODERA) (Yutaka NAGAI) (Takamasa SUZUKI)

The optical telemeter system developed is used to measure the temperature distribution of
ball-screw and to estimate the thermal elongation of the ball-screw. This paper deals with the
selection policy of the measuring position of the temperature. One of the main heat sources is

the contact zone between the groove surface of ball-screw and the rolling ball.

It is

experimentally examined the temperature distribution right under the groove valley and at
other positions of the inner surface of hollow ball-screw. It is clarified that the temperature
difference due to measuring position within lead length is less than 0.07°C under the driving
condition less than 20m/min table speed. Thus the every position within lead length is
available for the temperature measurement to estimate the thermal elongation of ball-screw.

Key words: measuring position, temperature, ball-screw, thermal elongation, optical telemeter

1. #

AFERERE EDT-%, NC LIEHRCEER oAy
FOBEXEDNEHENTNDS., ZR6DEL TR
— VR U TEHINTWEOT, BFEXY OERBIZ
o T, K=t -+ v MEDOEBRENHEKTS.
FORER, R—LRUOBEERIC L A BERDKE
DETHELD. ZOMEE LT, R—LUHH
Ay —REe—F OB TERI» SR — VR COIRE
A L BRR A STH T AR Vi L VIR EEIRIRIC
F—LhRULEOMTERLBHL, BRFEHFEAOM
ENH—TH D EREL TBRODA Tt
ARHEERITOME I@ESNA TS, &4, Ak
BAEMELE LT IAIZa—X RO RAT LEEATD
&, BERRVWLOO, a2 XA MBRERTHI LI
5 EEHEOIZ, Y—HRE—FD/INWRET 4— S
I FTBREIIO—ZX KV ARTF LTI INT N
DERICHONT, 2 AP EREEMBILRAOLER
BEZEBRTIEVIMARITHOVTHRELTVS.
G, EHREOBEXRETINHT VLA—F VAT
LA IVERNTR— VR UBESHREZNEL, hz
BCRE—Lh LoBWEREHE 5. ZoftFE
[EAIERE LT CNC FilfERBICANT D Z Lick
D, V7L A LTHNBROEEL BT DIVRAT
LEFEBELELIELTWS., FOEME LTHARFE
T3, BIHESR TH DR Ui L EREIR —L & DR

Ui

BRI 20054E6 A21H

ELH, HFBRELIFR

(T7950-2181 #ri&imiE 1k 2 O ET 8050 Fr i)
JESH, FBKFEASE(FL)

&L, HERETFEHFL)

{

)

fRK LR ERIE S L O ERGR A FFMICEETL, B
ERNEROREF & REF L.
2. E %

2.1 BESHAELEORE

B 1 IEEBICHER LI 1 R —da UREBRER
THhd. H—RE—FZRDR—/L 3 U KT DN
BCRIRANAFMOMNBEEBEELI-V A INVT o H
FKT, y—RE—FDINAZT4— KRy F
3 I7a—-XFHlEZIToTWS. A—1RLD
Haark | IR, R—LRUOBEEERLZHEET
B2, F—VRLDBEEXNT LVA—F AT
b VP CRIETSD. B R ULOBRIE, Y—RE—
&, XEMZS R IUOR—VRCAT Y P THD.
—RE—F L TR IX, H—Ada Uil E 72 idm
MES I ETAEMBERRTHLNDT, 6D
BIRICH L TIE, SR &IRBERE SR oo xt BRR IS
FEELTHESERETIIER.

5, F—LRUATy MIT—TABEE LY
ICEDOMBENET I2BBRRTHS. K-S
BESTHEZLEREEFMIRD, BoRIESK
I B0, NESONLEE & BRI & DBk
RN LTBLLENHDEEZOND. H2i3
EBICAWER— LR URAT Y MO DR LR
PESDEHBAR E DEFEEZRLTVS. ZOMR
OiIBIE Ty bOREBRT SEHFR— L LR LR
DR TH D,  OERGFEEIE, EXEICRT
X oz, R—h Lo & ElhR — /Ui o BEARREE
QWA THD. ZO22EFOBMRICKL, BH2ils

Vol.41, No.8 (20064 8 A)



418

P:Measuring position of angular
temperature distribution

Fig. | Experimental set-up and measuring position of angular

temperature distribution
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Servo-motor NUE Ta?le Babl-screw Optical ) Table 1 Specification of ball-screw
/ - data series -

_ l / & Outer diameter @ 40mm

[ = Xy - /ql— Inner diameter @ 1 Tmm
—1 — ~ Lead 12mm

T
g?:;]:: anchor Rotating Stationary Material Cr Mo-steel (J1S:SCH420)
head head Coefficient of 12x10¢ 1/°C

thermal expansion | (measured value)

Lubricant Grease
Pre-load Constant gap preloading
Anchor ing Single anchor

Rolling

225° N\

/135°

180°
(a)At 1st measurement

180°
(b) At 2nd measurement

Fig.3 Measuring position of angular
temperature distribution
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thickness
1 |

(b) Details of thermo-couple setting
(enlarged view of section AA)
Fig.4 Thermo-couple setting for measurement
of angular temperature distribution
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Table 2 Experimental conditions

Table traverse
Pattern speed 5 m/min 20 m/min
of nut traverse
. Experiment
A (cf.Fig.5) No. A-05 No. A-20
B No. B-05 No. B-20
C No. C-05 No. C-20-
Circulation
area of ball
Bal|-screw (:heat source)
80 80 175

~ .
Nut at right end
of traverse

b_‘___/
Nut at left end
of traverse

P:Measuring position
of angular temperature
distribution
(a)Pattern-A of nut traverse
175 175

AL RN Bz ey L

B AT LA SR X R
Nut at left end Nut at right end
of traverse of traverse
P
(b)Pattern-B of nut traverse

3

7,51:2 175

Nut at left end
of traverse

Nut at right end
of traverse
3

(c)Pattern-C of nut traverse

Fig.5 Traverse pattern of nut on the ball-screw
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Table 3 Specification of the optical
telemeter system adopted

Range 0~50°C

6. 200 data/s
|_(for only 1 channel)
8ch x 700 data/s

Transmission rate

8ch , 12bit

A/D converter 1 LSB=0.0122°C

Max. difference in

temperature 0.10°C
Acouracy among 7 channelsx*
Max. difference in
temperature change 0.05°C

among 7 channels*

Non-contact supply

Power suppl
PPy or Battery

Power consumption 5Vx (6.5~8)mA

in rotating head

*0ne channel is used to measure the electric circuit
board temperature for accuracy improvement

0.20
Water temp.= room temp.

<
<

|
Max difference of témpiw_- o S
h among 7 channels

] Ma;'d}ffé;;nééré%-ig&ii “change
among 7 channels

60 120

180
Time min

Fig. 6 Measurement accuracy of the optical
telemeter system adopted
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(b)Angular distribution of temp. increase
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Fig. 7 Result of experiment No.A-05

(Pattern A . table speed 5m/min.)
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Table 4 Procedure for angular distribution of temp. increase
At 1st Ball-screw 0_900 8_450 000 0450 0900 0]350 9]800 02250
measure- temp |ncrease i
ment  |Output Peni(0-45°) den2(le) Ben3(Oase) bena(99g°) fens(B13s0) deng (F1g0°) b7 (Gazse) | Average
+Ad /+Ad +A¢1 JrAd DG /AR S AR/ +AG (+O0) = Ref
At 2nd [Ball-screw O 90°, 0450 0450 Gypo 1350 &' 130° 1250 !
measure- |temp. increase '
ment |Output Ben1(6-90°) Fch2(6145°) Bena(0ho) bond (Oase) dens (B90°) Pen6(B]350) den7 (Gisoe) Average
+A82 | +Agy +Ad) +Ady  +Ad) +Ad) +049 +Ado %+A¢2 = dref
Eq. for angular distribu~ Ea. (1) Eq. (2) Eq. (3) Eq. (4) Eq. (5) Eq. (6) Eq. (1) ‘
tion of temp. increase
6_g5¢. 6. 450 . Ball-screw temp. increase at Ist. 2nd measurement at -45° angular position
@chi(O_450) - Output of chl by the optical telemeter system
PRef : Reference temp. increase close to output
Ad) . Ady : Adjusting value to make coincidence the average of output witHP Ref
Table 5 Calculation example of angular distribution of temp. increase in case of experiment No.A-05
Time (-90° ) chi ch2 ch3 ch4 chS ché ch? Average
At Ist (-45° ) (0°) (45° )  (80° ) (135° ) (180° ) (225° ) +Ad,  =gp
measurement|Zi*1s 9.99°C 9.99°C 10.00°C 10.04°C 10.00°C 9.96°C 9.98°C | 9.99°C
+0.01  +0.0t +0. 01 +0. 01 +0.01 +0.0t +0.01 ,+0.01 =10.0
B .. s e e e e
t+10s 10,01 10,01  10.03  10.05 10.03 9.99  10.01  10.02
-0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 °~ -0.02 =10.0
Time chi ch?2 ch3 chd chb ché ch? "Average
At 2nd (-90° ) (-45° ) (0° ) (45° ) (90° ) (135" ) (180° ) (225° ) +A¢> =g
measurement £ +1s 10.02°C 9.98°C 10.03°C 10.05°C 10.03°C 10.00°C 9.99°C 10.01°C
-0. 01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 . -0.01 =10.0
270V g
t," +10s10.03 10.01  10.05 10. 07 10.04 10.02 10.03 10.04
-0.04 -0.04 -0.04 -0.04 -0.04 -0.04 -0.04 -0.04 =10.0
Rt T (41) Vol.41, No.8 (20064 8 A)
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Fig.8 Angular distribution of temp.
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