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Thermal characteristics evaluation of motor in simulated lunar environment

Masataku SUTOH™!, Takeshi HOSHINO™', Sachiko WAKABAYASHI "

ABSTRACT

On the surface of the Moon, mobile robots (i.e., rovers) are required to travel in vacuum and experience extreme low and high
temperatures. Thus, for developing lunar rovers, the survivability and performance of the rovers' components should be evaluated
in an environment simulated the above target situation. To this end, this paper investigates a characteristics of a motor in a
simulated lunar thermal vacuum condition. For this investigation, a thermal vacuum test system was first developed. In this system,
a motor located inside a vacuum chamber is controlled from outside the chamber, and motor's speed, current, and torque are
measured in various load conditions. Subsequently, two kinds of motor tests were proposed and conducted using this system. In a
test, a motor was tested in different operation temperatures. In the other test, the motor was tested in thermal cycles, in which the
motor was first stored in a low temperature and subsequently operated after heated. Here, operation and storage temperatures were
determined based on the lunar thermal conditions. The test results suggest that the motor can be stored and have almost constant
speed, torque, and thermal performances under the simulated lunar environment. This study confirms the thermal characteristics of
an indispensable component for lunar exploration and enhanced its reliability.
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W
A IHH#RERE T, B — X ORIl AT 5 3BREE A B LTz, 2 OIEEITIEZET v L/ DI HINERD
E—H OEMAHECART 2GS 5 & & B2, B—F DEMSHECH ) VY Z5Hd 5 Z ERFRETH D, I HIT,
Z O¥EE A HWT, (DIREGERES L OB+ 7 VakBia 55 L, (DORBRTIL, B REICKIT 524D
z6), (QORERCIE, NECRE L, ZOBINEAT 5] &) YA Z Va5 0T —2 OFENONT,
ENFNHGREE T 72, ZHHREBRE Y, HEOEBERRIZBW T, BBRICHEA Lz —2 NIREFR—MERE CRAF -
EERTRE CH D Z L 2R Uiz, ZOMROBREE, AEFEEDEENN LIcFFT 5D TH D,

1. 5

BZED A E(ES : 10°0)~107 PalB )W BT, FREFTOHEEIRE X, #%-170 C103 K)E TR F L.
120 CBBK)VETEFTLLEEDNTND Y, £72, TOEEZEAIF29.5 A FH TR v ik & v, H AR
—/NOE, T Ok LWREBREE CHREIZ RV 515,

A e — 3Z21E, CPU(Central Processing Unit)R°E—4 | E—4 KT A NEORk 2 7B R BB I D,
BT ERROBEBREE TR - BE L 20T e B2, < ORI e — SARIKRNERICER S D -
. MLI(Multi Layer Insulation)X°t — % % W2 Z2WHIENC L > T, AmOBIREN GIRET 2 Z L RAEETH
Do LL72R B, B— "OEITHIEEICHO O D BRERT L, ARIMANC S S 5 72 D EGI#E AN K < o
D, FIOFELWRIEICILEIND, FO7D, BREFOT— X 2id, B LWIEEREICK I 2817 - 8ifEMELE

TRk 29 4F 4 A 26 A3ZA (Received April 26,2017)
OGS A/ N—3 3 2\T" (Space Exploration Innovation Hub Center)

This document is provided by JAXA.



2 FHIMZEWFIE B TS AR I JE R & B JAXA-RM-17-002

Inside the chamber ’
, ~

X1 T—¥OAELERBPEEOMBIEE, ZoORBRESIL. (DEZETF v U\, 2)F—ZBREREZET v
VAAWNED). BEOQ)T—XHIE « b7 FHARREZE T ¥ v o) TRERR S U D,

NUETH D, W=, HEEOH E 2 —/3(Lunokhod) ™® <2k[E o> H [ #(Lunar Roving Vehicle, LRV) 13 A
ITOEEE BT TNDN, ZORRIZE W TE—H OFRBRIEUEC T IEIIMENL STV, Bk A EEDHE
BTz, RETIESCTMIEIE OBENRETH 5,

HOKBE o — " OEHEME ORI, EEREOIRESCE ) 2R L7 BRI L 72 5, Sobrado et al.,
I KEDIRE(133~293 K)RPRJE(~10° Pa) 2 it 2 H2eF v U N Z B L, ZOFEMMREEZ G LT\ 5
W F7-. Braun& Noonld, kEFHETF ¥ o SN THRE LT-EBAEE—Z ORBRZITV., KEHE—Z O %
T T %2, Phillips etal.,iX, KT v o SRICHEE LR AT —2 126 LT, Bloe—2 2 HNTH
WMEMZDZ LT, ARAM ML FTTE—XORBRZERL TS P, Z0L)RkBEE2BELLZE—
2 DEEZGHRER DR GRS IEEATFAET 2 — 7 T, REBREN X 0 B LW H | 2 LSS5l 70, A
T A A5 L 7= 3Bk & LT, Oikawa et al.,lZ. H i 0 — SOBEZEBR A 1TV, FEATIT(253~313 K) DB %
WELTWS 9 HOBICESFEZRE L-SBAITIE. 2 ORWIREHRPHICRIT 55T+ THh 5 M.,
Wa oz 5 (R EMIEEOEHIIL, KE - BIETORIENRARERD, F&5 ORI NV—7Tlx, A
T OAKIR(93 KFEEE) « ELZZEREI(1.0 X 10 Pall F) TE— & o2 2B e 2 -7 L. T ORI THZOEME
RERAIT - CTE2, Fo, B—ZZBR L. SIE@03 KEE) THLENERRZ EML T\5 M2, LaLz
NH, KA - SRR CE— X OAM MV 2L S D572 HMEC A m A HE LBV A 7 VI 5
F— X ORIFCEMEIZEE T 2 A BIITEE L7220,

FROEREEEE 2. AZETIE. AlEEAE LZEAVGE - SRR, BLUOBY A 7 LTIz 5E
— X2 OIRAF - BIEMERE R T2 2 & & L, £7-. ZOFMMD =010, BAEZEEEREE A2 L 7= ()RR ER
EQEY A 7 NVEBROITIERFIEAIRE L, RABra2 I L2, (HDORR T, SiEEE T — % OkAlA
DL, ZOMRBMET T2 2 EnNBEINDT-0, B 28EREIZHIT 5E—% OFEHI OV THREEE
119, —FH. QORB T, KB —FIROEEEIEZEREY KT Z & TE—X OKAACIZ I RENET
HAREMEDRH D72, MRETRIFL, ZOBRMET S]] LWH A 7 Va2 K LTEGEE DT —Z OFH)IC
DUVWTHRRET %,

ARG TITE2FEICBW T, T— X OBREZZRBPAEB IOV THHET D, HiWVTEIFEB L U4EICB VT, 2ff
HOT—HR BRIZOWTENENHAT S, HZICESTEICBWNTCINLZHAET 5,

2. E— X RAEZTHBRERE
AHFIETHZE — & OBBEZERBRIEE L, BEET v U R\ONMENL T v o SNOE—X ZHIH L, BEx e
AMEETE— X Z ST Z ENARETH D, AETIEL, ZORBRIEEIC OV TEEIZHT 5,
2.1, T— X BEZERABEEE O E

This document is provided by JAXA.



H SRS 351 % — X OB PR 3

(1) Vacuum chamber

(3) Torque measuring unit ‘-
“” " - (2) Motor driving unit
(1 e . A

L N -

Connected to GM cooler Connected to GM cooler

(¢) Lateral sectional view 1 (d) Lateral sectional view 2

X2 X AEZREBRIEE OB, K TITEWET 50, AT L — FOBEEIE O, BZEF v N
THEBIZIE GM SIS S STV 5,

Phillips et al.,/&, HZEF ¥ U ASWEICEE L2 ARTHE—2 & ML 25T, Eike— 2 o AfFHE & )
MV 7 OFFIEIT> Tz By Los LR s, Z O CIIEHIRERE—Z B LR L7 3H AR, Fv
VSN DOIRECIE S OB EZ T 572012, IR — % O%8h 2 58 R+ 2 2 LidREEThH 5, £ 2T
ARG BIT HRBPIEE X, CNOFHREEZET v o INRICEET Ak & Lz, Kiks ko, B L
7o — X BEZERBAEE O T H S L OMEX 2 T hurd,

B2ICRd K 9o, RERBREEE L, (DVEZET v N Q)F—ZBRERHR, Q)T — &6l - ~r o kg5
R END, (DT, BZEF v A \SNEOENB L OREOHIBEZITY, Q). BZEF v VA SNEIZETE S
NTEY, T—HFOREERZFH L2 RICEZET v o - SINBIBETT 5, G, BEZET v B EE ST
BY E—XORESEECAREZRET S L & HICE—F OEESEHE  ERE. BL O M vy 23T 5,
PR, HEOREREIZ DWW CEERNZRE T,

22. EZEF ¥ L NE

B22F v U NETIE, FY o NNOENB I OREOHIEZ1TH 2 & THREREZ T 5, HZEF v N
OB TIIFENTTEY TH D, EUTTRT I I, ZOEZEF v NF1.0X10* Pall T £ CHRIENATRETH
bo FX U ANAOENFE, NERICEE L2 7 =llE F(IREZEEH) B L O a—v R Y — RHIE (R EZE
FEANC L VEHIL, RIAR T X —RFRO7E2HACTHEME CRESNS, 5., k7L
— MEERMbL)ZI)DIREIL, 7 L— FNEHICHLDIAATZER L —# &7 L— h TR A L7-GME B 2 v
THEESND, AR TIEZ OMEMET L — MR OE—Z BT 2 EET 5 2 & T, T— % OEEZEER
ERT D, T—FBRERNR I (1 7= TRBE ST (K3 ()2 ) &2 W CRE OFHUIZ 1TV, Z OREE 2 5
IZb— & LIRS O BN - BEIGIE AT S,

2.3, & — X BREEZET ¥ >/ SNE)

F— X ERENERIL, HZETF v NI E L7-ERIK 7 L — MCEE SN TRE Y, =X DRira wHHIZ L >
TR L2 ICEZET v o IR EN T 5, & — Z BREN O G B3 X OB 2 K312 d, K3(b)I2rRd &
N, AR ATy 7 ME, BZEXT U 72N LB RIC L - TE— 2 DRl & [F U S TX

This document is provided by JAXA.



4 FHALZERTTE B SE AR AT T2 B S B JAXA-RM-17-002

!

7

Thermocouple (1) d

 Test motor |

"
\

; A > ‘5" Thermocouple (2)

o & &

(a) T — & B D 5 B ' (b)E— & BREH K OAB B

M3 E—ZEEEOGTER LOMBIN, T—2E Tt T—XORELZHHEIZI > THE L, T OR%E
iz HZETF v o SRR E T 5,

HEshTnwsg, Zhicky, ¥y 7 MI®'T—ZOEGEE T —Z D[ & & OHNAREIT 5,

F—ZERERS OIREE L, HERIET L — FOEBEEICHED B/ TRT 5, B— 2 BRENE & [ E T 5 BRICIT.
BRENHR E 7L — hORIZT V7 7 vy — R E ANDH Z & T, 7 L— )b OEVE T — X BRERRICARE LT
L7z, Fo, Malrnd L oic, RBROBRIIEE— 2 BB 2 A MLITEWEEWYEZ [\ L7, X3(a)
R XK 9T, B ZBRERTIC I, (DEEERNER R L OQ) T — & RIERO2E N &R T — 7 % AW CEEXH &
BT 72, ZOBERNOIAT TEL, WE, e 2 ORERBRICBWTHEIMER R SN TEBY , %1
ORI N T HEEBRINRHBND Z L3 2holz, BEF v L/ NHBOBRE —H B L O BEEOINEL - 1hA]
HANZ X, WEZENLE L TWD()ORIEMEZHEH L, SREBREIZQ)OME KL T 5,

24, F—FHlf - M7 FHBBEZET ¥ > M)

T - bV FHEIX, HZET X L SANBICEE ST TR Y B — & ORI A M & S5 &
EHiC, BE—FOEEGEE, BRE, B3I My 23T 5, =2 - MY B0 EEL LD
BB 2 XS 12T,

T OHENITEZET ¥ » ASAEBICHEE LT —4 RIANEHEHL, T—% N7 A NCIHEEE G A
7 Ny TPONLIRSEEET D, ZOF—F RTANEHND Z LT, T—F OFE & 7ol ({7 15 i) <08 fE
HITHZ)NAEECTH Y | T — X OEESHEESCERMEOFHMAEITH Z N TE D, BHEFT ¥ A NIARIOE D
WKZERT—F OBERMAGIT, BEF v o O R— MR T 7BRRHE T 4+ — RAL—%I L THBRTIT
bh=(X5a@)B ), KMelcT—2BLOE—F KT A NE i O RN % R~
ERo Xy IcHE ST —Z OEERE, B TV S L NRE#EBE AR ACRFT34B, ARIOS)% /i L T,
BEZEF ¢ L NNERD BAMERIARE) S 5 (X2(b) 3 L ONe) B IR), = Dk, [HlisiE b L7 8 Hafg (R : TP-2KCE,
HRMEHE)B IO X7 L —F WA ZKG-5SYN, =“ZEEH)IEE SN D, by BREOFEIT — X (1)
MINE, T2 al—2HWTEHHlEND, —FH, NUXTL—FF, 7L —FIhbEREAET D
LT, E—HOAM MY EEZDTOIERT S, T L—FICHN D EROREICIE, EREES X OE

F1 BHEF v L EOHT O

Item Specification
Diameter x height ®400 x 450 mm
Test plate @360 mm
Vacuum pump Dry / turbo molecular pump
Vacuum level <10x107*Pa
Heat control GM cooler & electrical heater
Temperature sensor T-type thermocouple
Temperature 50-400 K
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450 4. Operation test at 403 K.
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