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Abstract: In order to improve the accuracy of the servo system at low temperature, the mechanism
that the load torque of the telescope increase along with the temperature decrease must be deeply
understood. Firstly, the influence factors of friction torque of bearing and the influence of low

temperature on load torque were analyzed. The lubricant viscosity with temperature variation was
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studied. The relationship between load torque and grease was tested and discussed. The results
indicate that the fluctuation of load torque without the grease at low temperature is decreased and the
linearity of load torque is increased. The influence of clearance on bearing friction torque was also
analyzed. The expansion coefficient of different materials at different temperatures was measured by
resistance strain gauge method. The correlation coefficient between torque and material expansion was
established. The result indicates that the load torque at low temperature is 6. 67 times load torque at
normal temperature, and the maximum of shortening of material reaches 960 pe. The research on the
mechanism of cryogenic load torque in this paper can provide theoretical and experimental data for the
precise control of the telescope under extreme environment.
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Fig.1 Load torque ws. temperature
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Fig. 2 Load torque with and without grease
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Fig. 4 Thermal expansion coefficient measuring circuit



3 ]

bR 57 A AR TR BRI T AR M 28 ORI 9 ) B B 67 A3CHH R ) 5 ) 621

N

FERE I A4 ORE S % b R b N AR O O
KA HH,
4.2 BREHMAFAENZNE

kTR B D B O 5 il R A [ AR Y B
JH Z B R D K AR e an &L 5 T, BT I A K
NAE N 460 mm, /b2 N 620 mm, 7E il A 1Y 4b
I NS I = i Nl oy o1 U ol A S i 71
I MM 722 &l #9 TSB-1 % BR 4k 3% 35 1E 8 2 %
B H I K & %R (0,000, 015) X 10 °/C@
(5~35 °C), TSB-1 #f A} —Fl by T A Al A4
77 ) AR A B K 3% 55 (ULE, Ultra Low Expansion
glass) , B E —100~200 ‘C T #BE Ik & B hd g 7Y
fEJE(—0.0340.03)X10 °/°C, AHXF T Bril
IR P K 2R %, TSB-1 & B AR 19 & % 41
G I N 2 S Nl s o | e A
AL RS 7E TSB-1 1 /Y B AE R 4 i &, B
5 KM 6. 35 mm. HF 55 2. 54 mm, T /E B K
13.2 mm, TAEFESE 5. 6 mm, 765K N B L&
G = I Nl s o1 2 O R e v S
- R AR AR L AE N 7 20 Sk R RE RN N AR
Bl CRFEFIWI R 10 s,

B 5 Uik R B R S

Fig. 5 Test system of thermal expansion coefficient

6 J 3 AT e 1 0 AE i iR 1) A A it 2k
A B R £ o £ 2 F0 = 3 J2 Bl R 9 41 e
(Y AR I £, % 4 SRR S T2 B B AE it £k A
T A P R R AR TR 2 —66. 7 °C L DAL B i
2enl LU L oK 9 A1 B RO e i R R R — 2R
(4, SRR T DLHEBR O i 22 S S SRy R iR
75, ML 6 AT LU M, Bl I R A0 R A L 45 1 i
fi RO A% St DA 97 (O A W O D UG T A e A
ik B2 2% ARG PR A BT 40 R e R R B SR B T 960 e
{EUZ A i B4 L 78 39 0 A SCAT BT A TR H rp A
T FIR AR RE Y N A B RN ) A5 A
AR 1R,

Strain vs. Temperature

0
N . /0
& 400 e AN : :-20?‘;
X - =
-a‘ — Temperature B
3 -600 : j "y
1-60
-100G; 0.5 I 15 2 _
Time/s <107

P 6 AR i R Y A A h £k

Fig. 6 Strain vs. temperature

#1 ARARERRBRETHNES

Tab.1 Strain of different points at different temperatures

DR AN / e

L/ C
RN 1 R A1 el bt
—20 136 137 116
—30 118 118 104
—40 117 117 101
—50 113 114 98
—60 129 109 118
—66.7 78 70 68

Pl 7 225 AN a50R R Y A ik R BRI B Y
KR ML CE B WA 7 O o o g il 26
AT EML R E R 2~—67 C, HAx =%
il £ 52 A R4 R} 1) $A K 2R B80TE AS [) s ] (1 A%

12.8 : | : o
12.6M 2 i
124} " |
122 = Temperature 4-10

128 T 3 P
o118 £TTT20%
=116 =
114 -30 8
E 114 Z
3) 2

L40 £
150

L60

_ i I . SR 1.70
0 2000 4000 6000 8000 10000 12000 =10
Time/s

B7 BRI K 2 5 R R 56 A il 2k

Fig. 7 Thermal expansion coefficient ws. temperature



622 b=

T TR

5 26 &

feh e, M 7w LU H, Bl R R A 52 6 R
PO Kk R BOR TR 76 8 R L Sl & b R G B ik
FER 12X10°/°C AT MBI R K R BCh
10. 5 X 107°/°C, BLAbh, fE R B F B 2
—60 °CZHT . bR PR ik R B A RN R
IR AR T — 60 C L A R0 A8 ik £ B0
WIS, 2 20 T R[R89 b B K

x2 AREBREXEHNHBABKREY
Tab. 2 Thermal expansion coefficients at different tem-

perature ranges

TR S 2R Ak FR B (X100 /°C)

as WAARNRE HUKSME SRS

2~—10 12.182 12.018 10. 575
—10~—20  12.072 11. 893 10. 474
—20~—30  11.974 11. 790 10. 379
—30~—40  11.920 11. 768 10. 334
—40~—50  11.851 11.767 10. 285
—50~—60  11.833 11. 630 10. 289
—60~—66.6  11.931 11. 533 10. 432

AR R AR B A B A8 R 2 ] B O AR AT 8
e IIEL ol DU BE 2 20 5 i B A R AR
FARE ST A B 28 41 R 04 72 Al B — By L B
& HORE W 4 A S BT 38 KL S 2 T A W
. oAb CH IS AR T — 60 CZJE . AR
W A4 o R B BRCHL R 2 A A T B W B A R
DAL B e 4 ik A G 28 AR 2 ) B R Y
LIPSy éop

S & k-

(1] Ak, %%, sitbfe, 5. N TRRRS MK
PEEE R L]]. ALK 5k B, 2015, 43 (11):
148-151.

HE Q SH, LU Y, YUAN W H, et al.. Modified fric-
tion model applied to servo system[J]. Machine Tool &
Hydraulics, 2015, 43(11); 148-151. (in Chinese)

(2] ®RE, A&, At 2T 80NN GMS
BRI RPN S]], wALS 426 4R, 2012,
26(11): 70-75.

(ALILY e

Load/{mN = m)

-1000 . - i 0
IUUU{} 0.5 | 1.5 2

Time/s <10*
&8 nj AR 5 1 300 R M 4
Fig. 8 Strain vs. Load

SR 5 S A HL R B T E R AR T K U
I AR T A9 B L AR I T s A Y
6. 67 1. TRAMTZE AT 110 18 500 AR et R I
FBO AR . SCIR R SR T IR
JE It L 11 A0 T 394 00 e £ 2801 0 08 K () i H AT
FELME R ARBRPRET T 22 BRI AT LA/ 12 28
HAE . BEHA TRLE A FEARG .y BRI B 2R K505 1 1) b
i RIE B T 960 pe, Bl K ] B 2SN, R BUR
R B e A R I . AR T R RS R
—60 CZAT MBI I R BOE AR AL, Y
IBLRSE AR T —60 “CHY, A4BE I $R2 K R 2]
NV RSRS8O E R (Pl R
R LG B AR B PR S I A A 52 00 A 52 A R T
SRAR IR AR BB . e Ah Tl AR R I £ B
ik ZR BN RERL il Y SCEERTRLR B e B Al R
PRI K 28 ORI B9 B4R

NI F L, LIU H, JIE D Y. GMS friction model i-
dentification and compensation based on velocity ob-
server[ J]. Electric Machines and Control, 2012,
26(11): 70-75. (in Chinese)

(3] Ak, 3hRIL, ) 4. AR AR I Bl R e
IR Y Stribeck HZMFFE[T ], Lt 3, 2016,
40(1) . 124-126.

FANG Q L, SUN H E, LIU W W. Study on the
stribeck curve of slider bearing lubrication state un-
der different load [ J 1. Journal of Mechanical
Transmission, 2016, 40(1) . 124-126. (in Chinese)
(4] Bstu, tedm, 22, % GLHRETVEHRRER



3

bR 57 A AR TR BRI T AR M 28 ORI 9 ) B B 67 A3CHH R ) 5 ) 623

(5]

[6]

(7]

(8]

[9]

GRS SHHIR] ¥ HE TR,
2015, 23(2): 477-484.

LIAO H B, FAN SH X, HEI M, et al.. Modeling
and parameter identification for electro-optical stabi-
lized platform servo systems[]J]. Opt. Precision
Eng., 2015, 23(2) . 477-484. (in Chinese)
WAk, WAL, AR AREb, FL NS BRI E T
1 LuGre BEE SR 3 2P BFRT ). o B L
2, 2015, 24(5): 1148-1158.

ZENG D L, XIAO K, LIN ZH CH, et al.. Sub-
step identification of LuGre friction parameters of
inertially stabilized platform for airborne remote
sensing[ J]. Opt. Precision Eng. » 2015, 24(5):
1148-1158. (in Chinese)

LAWRENCE ] S, ASHLEY M C B, HENGST S,
et al.. The PLATO Dome A site-testing observato-
ry: Power generation and control systems[ ]J]. Re-
of  Scientific 2009, 80
(6): 064501.

DURAND G A, TREMBLIN P, MINIER V, et

view Instruments.,

al.. Antarctic observations at long wavelengths
with the IRAIT-ITM Telescope at Dome C[]].
SPIE, 2014. 91450D.

KA, AME, BuT 4R, 28 (A 20 Ah K SCHE I B IR
BHEARLGR]] MRE =L &, 2013, 34(5);
46-55.

ZHANG Y, ZHOU F, YUAN N J.

cryogenic refrigeration technology in space infrared

Overview of

astronomical telescopes[J]. Spacecraft Recovery &
Remote Sensing, 2013, 34(5): 46-55. (in Chinese)
RET, BB, HAE. HT ML Jones-Harris
TER R MR A AT R (T, &2h 5+ &, 2013,
32(13): 170-175.

ZHANG X N, HAN Q K, CHU F L. Research on
contact angle of ball bearings based on simplified
Jones-Harris method[J]. Jowrnal of Vibration and
Shock, 2013, 32(13): 170-175. (in Chinese)

EE I

MAEE 975, A0 TILEEA L Bl
FE 51,2006 4F T B g B R SOk
BARBEFE PG L2 r, T
B G4 B AR S PR 05 5 WA 45 5 TG )

WF5% . E-mail: fjdu@niaot. ac. cn

[10]

[11]

[12]

[13]

[14]

[15]

R, R, RE, FOBREGEEEMT R HEA
52 A R Al R PR T B s B A A AT LT, &
A8 K F AR, 2017, 51(6): 115-121.

FANG B, ZHANG ] H, HONG ], et al.. Quick
calculation method and contact angle analysis for
high-speed angular contact ball bearing under com-
bined loads[J]. Jouwrnal of Xi’an Jiaotong Uni-
versity, 2017, 51(6): 115-121. (in Chinese)
i, TRF. AR, Fo RV IR A TS A
PR Bh RO AN AT L)) BB F R,
2015, 35(4): 454-461.

WEI B, WANG ] X, ZHOU G W, et al.. Mixed
lubrication analysis of the main supporting angular
contact ball bearing of RV reducer[J]. Tribology,
2015, 35(4): 454-461. (in Chinese)

IANUS G, DUMITRASCU A C, CARLESCU V,
et al.. Friction torque in thrust ball bearings
grease lubricated[CJ. 7th International Confer-
ence on Advanced Concepts in Mechanical Engi-
neering, 1OP Publishing, 2016 1-8.

HEAR, REE, RAA, F.OETRERTRHEN
AR SR R RAELT ] 4o = 3, 2014, 65
(6): 2063-2069.

PAN ] B, CHENG Y H, ZHU ZH C, et al..
Flow characteristics of grease in circular pipeline at
varied temperatures [ J]. CIESC Jowrnal, 2014,
65(6): 2063-2069.
SMITH D R, SOUCCAR K. Friction compensa-
SPIE,

(in Chinese)

tion strategies in large telescopes [ J].
2010, 7733: 7T7332N.

skragt, 3655, LM, F. BUEMIIIHT CRE
WS EEURELT]. e M E A2, 2016, 24(7):
1633-1639.

ZHANG X SH, GUO L, MA M ZH, et al.. Pa-
rameter sensitivity of thermal characteristics for
micro-expansion type heat switch[J]. Opt. Preci-
sion Eng. . 2016, 24(7): 1633-1639. (in Chinese)

BILES .

ZERRRE (1991 —) , 53 L T pg A M N , i -
WRITAE , 32 B ARG 2% 10 B LA L A
AW 43 57 45 J7 1 5E . E-mail:
yangwangpo(@126. com



