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The thermal control of minisized-electromotor in lunar environment

WANG Hai-tao, YE Hong

(Department of Thermal Science and Energy Engineering , University of Science and Technology of China, Hefei 230027, China)

Abstract: The thermal control problem of minisized-electromotors in a lunar detector was analyzed. Based

on the actual parameters of some minisized-electromotors, a thermal control system using an umbrella-like

radiation cooling surface was conceived. The key influencing factors, such as the operating torque of the

minisized-electromotors, lunar surface temperature, lunar latitude, etc., were considered. And the

variations of the thermal states of the system with the above-mentioned factors were simulated. The

results show that, with the proposed thermal control system, the minisized-electromotors’ temperature can

be controlled in the allowed upper limit of the lunar environment.
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Tab. 1 Averaged lunar surface temperature
Wt A SR X
BURARX WX g 5w mm  EHX
X EE /K 40 220 254 256 255 220~255
A AR /K - +10 +£140 £140 £140 =£110

FERFRTH A3 BRI Z0 IR B I Bl — TR R
BAT RASAFAE o5 — 7 THI W) 2 o HE 3R 2 ) o 1 e
PR B BR T H A BRCIE R BE N B4R T B R L
M IA PN RE AT BB B ER 1R 7 A1 A, B A Bk i
8w H e 55, H HEr il IXSE YR EE 28 5 m, H
FiXJEZ) 10 m, HERZEHREA . S8 BT, M
BRAELH AL, S5 AN B, SR BURMG. & LR 4 3
em B HEREESHAR, RMARKN 0.9~1.6
mW/(m « K), % &~ 700~1 500 kg/m*; 3 cm [1]
TE] 0.5 m A HEHSRRER K, L0 0. 01
W/ (m « K) 2\ HIER A Z R 600 J/ (kg « KPP,
Y BRAE T AN T 09 52 3RO ], TR T Y R R A
0. 09, Hedr HEEIX N 0. 07, HREIX M 0. 15, H Bk
W1 B ER R 0.22, A E0E Yk 5%
0. 928,

H BRI I8 - i A e F 2o 1°327, BT
AIA R PH B ST 05 7E A BR AR TE 0L & 7 H FBASR X
S 3 K BH R BB b, SEEBR X ) BRBCIR 00 7 A 52
M) F 2 HL e 1 0k, BV R A RORIRAR IR 5 A A
AR % BIE L. SCRRR I, H R R IR —4E N 1Y
AL 1 314 ~1 419 W/m?, —/NH N i /)
ACIERE A 12 W/m?®, e Kok 28 W/m?*, A UL JT Bk
FETH ) K A 4R R BE 29 OK P 8, SF- 4R 1367
W/, W] R — b DX R PR A S A 2 13k

q, = Scos dcos 0 (1)
AP, S A PH 4 BE U BIOR BH B 855 o 2 1 L X Y

HL Y v

HRE 50 R X 5 R BH B9 b DX 28 2, Bt ) Bk
EEFITE e
1.2 BN

T R AL B B S PR RE AR LB 3l U
R S ALE BT, — B8 i 7
SeTr T HAA — R, HLARBUR S B DR AR /N
B AT AR ARIR SR LA M BB 2R M T 5
A R T R DRt g 7 0 AT S, AR5 T 9k B
WL HLAIR 5 — R 5T 32 47 F U sh G 2%
FEPRT . TEHBREE I, & Fh 5 ZORS B 9K 3h i 3B A4 n K
2 RSk UG 445, SR BT A B AL R A8 TR
R T LA M P T A AR A B4 {67 B R 3 B 46 4> L 7l B
2B BT LR A S

M P MBIV F R E L X B ST LA
IR AL EATHIFSE 43 A B 1 Maxon A A=
FEfR A-max 19 110089 | A-max 26 110184 KIFI
A-max 32 236654 FI i AL, X = AR5 EALAY
FESHLE 2.

A -max Z F) G B IR H LAY R 45 A8 a0 AT 1

A g Ay s v ) i BIL A I SA A A <6 R v P L
1-75 2% s 2- 7R ARG B 5 3915 s - 5 56 T2
6-FU AR I 5 7- T HL A% 5 811 SRR 5 O-F A 4 @ v Rl 5
10-%if w3 11-38 F FL A 5 12-TR BRAMIK 5 13-he 45 249 K
B 1 A-max RINHEBHNEREN

Fig. 1 Structures inside the A-max minisized-electromotors
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Tab. 2 The main parameters of A-max electromotors

LS HME XK BEDR WAL AR R MR seagAbe LB RS
/(mm X mm) /W /Q /(mNemeA™D) J(Ke W™ A/ C
A-max 19 110089 19X 29 2.5 78. 20 25. 40 11.0 125
A-max 26 110184 26X45 7 3.17 17. 60 3. 20 125
A-max 32 236654 32X 61 15 1.88 32. 20 2.10 130
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Fig. 2 The thermal control system using an

umbrella-like radiation cooling surface
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Fig. 3 Thermal physical model
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Tab.3 The design parameters of the thermal control system

LIS RAPR ey MR apys FEEARXTUE/ (mm>Xmm) RS R ey  FRERER ey BREEOA/ O
A-max 19 0. 30 0. 60 72X 34 0.85 0.1 120
A-max 26 0.30 0. 60 130X 70 0.85 0.1 120
A-max 32 0.30 0. 60 16080 0.85 0.1 120
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Fig. 5 The variation of the winding temperature with the operating torque for three types of minisized-electromotors
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Fig. 6 The variation of winding temperature with lunar

temperature for three types of minisized-electromotors

M 6 Fap i, H o CHEEI120 °C,
B LR BIRE 29T 40 °C, Hh 2R AR R B s
KLY H R L2 385 K I, A-max 32 BIHHL
LR BB E 35 1 BR 130 °C , Hofh 9 0 28 B8 iR 1 o 4
HERR.
3.3 ITEAMHIZME

H T H BRERI A5 78 A BR R T A TAE X AN
FE UL TARSS B A R Gk Reny s, 58 T
AbTF AR 26 B ) r MLZR FEIRLE A24k, DL 7.

A-max324&[#
0 SRSV
‘/"—‘_‘\‘—‘—‘ﬁ—-\
120 1 ® A-max 19,262
e RV
nof = T

100 - ./-——4”‘/.\'“’\.%.\.
90 + )E]ﬁfﬁoo \\

YA ~
—s—A-max 19 110089
80 F —e—A-max 26 110184

—a—A-max 32 236654

FEHLER B / °C

70

(I) 110 2|0 310 4‘0 510 6I0
HHLITTEL L / (°)
B7 =MASBENNEZERERESENENL
Fig. 7 The variation of winding temperature with lunar

latitude for three types of A-max minisized-electromotors
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Fig. 8 The variation of winding temperature with

lunar time for three types of minisized-electromotors
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