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ABSTRACT: The paper mainly introduces environment factors on Mars, which affects the spacecraft work. These environment
factors include low atmospheric pressure, large temperature change, CO, atmospheric, high wind speed, dust storm, etc. Firstly,
these environment simulation methods are set forth, including pumping and charging gas method for the low pressure environ-
ment simulation (the low pressure range is 150~1500 Pa), gas exchange method for the CO, environment simulation (the
volume fraction of CO, is 95%), gas nitrogen temperature adjustment method for the large temperature environment simulation
(the temperature range is —150~150 ‘C), vacuum diversion simulation method and low-pressure wind tunnel simulation method
for dust storm environment (0~100 um diameter of Martian dust), scenario simulation method for topographic landscape (coarse
and medium sandy landscape), solar simulator simulation method for irradiated environment, and the lamp array method for the
radiation environment simulation (the highest radiance is 1760 W/m?), counter weights method for the low gravity simulation
(the gravity is 3.72 m/s?). Secondly, two types of integrated environment factors simulation methods are set forth, including
Mars low pressure and thermal test, Mars wind tunnel.
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Fig.1 The simulation method for low pressure environment
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Fig.2 Low pressure control flowchart for Chinese Mars rover
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Fig.4 Temperature control flowchart for Chinese Mars rover
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Fig.5 Dust storm environment simulation method



F1’8s FHoM

s . KRR RIE R -39 -

KPRk, GRS T8, (A RER
BRI T AR W U o 25 5 | AT REAS [ A
PR — AR URI A 28, SN I TSR PR a5

2.5 NEMFE MR

KRBT A 2R, AL F R R
Ao MUMERDUIIR A, K B REEA L EVEITAE
2 U0 B A ke AT, = A IXURRURI R kel 55 ) s
FrE. MTREMINEDNE, SEHIE IR
BRES, LUAEERE, By, i
VIR ), Z [ 2Edia 2 KL A a b, v i 7
IR A2 430 mm (1Y Z B A MDA N T
120 mm AR VDALY, kR R IR Rt
el Jm e, A e 20

XEEAH . G L PAE R TR LA 3 B B AN
FE P23 R MBI 25 B 5 B 2 B o X BB R %
B AT R 25 110 ikt o RSB ) o UL R 4% T AR BV
Rl DX, MHER b SRR MR A HO T, 53
HR A K R e T D A AR . AR R, AR i
s, K 6 FrRt, fEsE s s, R
ST A UTFR A A X5 I KA RS )

K6 bfaro e Aty 5t
Fig.6 Curiosity terrain test
2.6 NEIRSHLREY

K PHBEFR S 6 IR 58 T 7B N IR, A0
SR 7 O K B U o AL s TR PR B TR

F5E T T ] ) 23 ) PR SR B A0 SR FH ) R BHASSHEL 288,
ME R EREEAD 5m, RELE® LD
1760 W/m?*, ANHE]FE K 5] +4%12°200 3205 K BH AR 4
A RE LR K 5L 2 T Y R PR AR BR RS . K PHASE LR 3
EHCERG . VIS . WHIRS , I R
SRRy, WK 7 FiR.

HEEBIH M

B7 R FHAAUL AR SO PRI i 2

Fig.7 Solar simulator method for radiation environment

Jb 5 PR PR BT TR 5 T AL R PH AR 0145 S0 R
Wi 8 k.

KL P R S G IR B 10 b T AR R Pk
7o Blhngk 48 SHE IR, Wik 9 iR,

2.7 XREREHENM

SRR ST AR, 8 3.72 m/s?, A
HERAY 1/3 0 IR Sy 22 S M LR A 8 15 b T 42 Ak )
BERE ST, A RBRTRALA 0 122k . — B8R A il v
R EIERE . ATk R A K
Bovk I 22 P RSN R R A AR S B S
PRk b, i B2 A M 22 B0 Bk o XL INTT %
E AR T A AR R AR AR A B
B o KR R By BT v 5 A BRI Y I
IR T7 A o S R AF A B = 11l BE AR ) A
ARG, MTEREEm = E B, w10 fioRtl,

K8 K FHBLNAR ML

Fig.8 Outer appearance of the solar simulator



- 40 - e S

2021 49 A

K9 RIS
Fig.9 Solar radiation test

K10 & CSA =AM EEIFMERS
Fig.10 3 DOF gravity compensation system from CSA in
America

2.8 HAtIREEFEL

KEMHARIREE, @5 KRR . S8 T
PREE A, AT AR B K e A DG BRI 1 P I K,
CETEMUR AR PR BURE , ST AR BB

3 LZAIMEEM

SERRTE KR R R, B R 1T
P STPERBRSCR S RN R, 240 HE L
HATZE AR .

3.1 NERRERREREL(RKERE.
CO, KRIAiE )

KRR ARAE . B . KRS E M
FEHER , COy RREMMA RIS FEHEIRE S K
HARAE  TEIE, B NARAEIAEE, T CO, Ak
TR WNATFFPEREFE i, X 3 R —E A
AEfE I B BT s AL

H AT KRB LA . CO, RAAEEBILEL
90 F B R U s 25 4% (U DR 3R T RE 5T P
) LT, BREERN 4200mm, KR

5000 mm. Jol B AN B H A ) 6.5%10 °Pa it
G, At e N A S 4l CO, Sk, (R iE
i LS P BR 2SR B SR i B s T
B, TR TSI R A . DL R R R E
A et A TR B S i B s L, T T AR e B
JESIREEZ o 725~775 Pall ix fh R AE S HLIIEE
) CO, 45 BBl FMIL SR IR 8

FE] AN R R IR . R . KR
AL 0 XU PSR CAE — AL, PR 3 K B 2 T Ao
RAFHPERE o W% = /5 B - RS SE 0 = 1Y STC
3 PRSI, AN 3m, KEZ 5.5m, HAb
WU 11 s, 3222 o) SR B0 25 e 8 bl 728 2%
SAMBERGEHRIT. RERG . KB R 565
WAL, UTIRIE N-110~150 C, EHERG L
JITHERFAE 700 Pa, SRR G 45 i — SRR 0 Y O
HAE 10m/s 2247, MRSEEHATHER 2 SRS
fili #5410 65

P11 e STC % [ SR B A0 2
Fig.11 STC space simulator in Britain

FE 1 JPL10-foot 75 [MIABEALAAR, G H T “12
HFEHST . CBREST M CHEEST KRR A
Ko 25 (M R A8 i B P IRV A, T2 )i
B, KB TR R R Kk . F B b KA
IR BE Y8 A —130~20 'C, A K SAMEIE S 100~
1300 Pa, XUE N 6 m/s Fll 12 m/s, JGZef) “lg#55"
KR FEAE 256t 25 [ A SRR o HUA T AL, LA
BN 7.5m, & 21 m, PIERIAE S [E EHAN 6 m,
B 7.5 m, PUUIREE H—180~100 C, K PRI &3
37 % 20 kW AT, Alak 2 KBHH %, Bl 5.6 m,
JEEEM T T, Wi 12 frRBosty

Prepping rover for testing

12

Fig.12 25ft space simulator in America

SE[E 25t 25 [ R EAR I AY



F18E H£oW

s . KRR RIE R <41 -

3.2 A;!iﬂ,ﬂmfcijf* (RSE. XiE, L]IR
BEEEERL)

oK 2T ) 28 2 PR 5 R R R XL 2 AN T
A3, 33X =0 R R L A AR AT LAAR B 4 56 1 2% e a7
PR EE ST - k%ﬂﬁ%ﬁ%#m%ﬁ%ﬁ\mﬁﬁ
ENETSIS ety R e

MM%HNMA%ﬁﬂ%ﬂH$®%
MARSWIT JAUl, 2 KR ZE—ANMAFL A 4000 m® ()
A EREZE N, RS A AR B AR 4 $on]
W WA RERE B R B4 1.2 m, K2 0.9 m,
HARZRAL K2 MWT R KR, 508 78 ) FiR e
AR AR SR EARY 15 m, KEY S m,
KA 3 50 B SF - B2 100 mm, K2 400 mm,
mpE 13 gt

Qe
s
y
| |
\ ==
\ BARKIA
g
T Ginithe
R IESIE

F 13 HAZRILR2: KRR MWT

Fig.13 Mars wind tunnel form Tohoku University
4 £5iE

oK 2R THT ) BB 2 T B T R K e R AR
FEHE, AR R E AT | KGR | $AIREE
DT, BEAS X A 2 T L A8 S5 0 K Ak
FrEREMR . HE X BN Z WA EN, &2/
SN R 2 R, T LATE R A BRBE rh A T4

X T KR R IR RS, IRAFEARZ A
TR i L P e A

1) XFRGEREPRRAEL AU, 5IHT
BLRERAIGE, anfRIA B ERR | Vi Y | (%
BB &

2) REFALAE . CO,y. 25 KU ALK & 1
W5 AN B

3) kBRI EII IR RAZ,
JIT AKX 85 2800 AL B IIF AT A D, MR XA AR
BN B AR

4 ) G/ R DR A A K 3 T A K B i AZ
PERL B 25 1T o

SE -
(1] BLFH, ZemE, 50, 4. KRR X BRI HOR

(9]

P TR BRI, MiRERIEE T AL, 2015, 32(5): 464-468.
JIA Yang, LI Ye, JI Long, et al. Demands of Mars explo-
ration missions on environmental simulation technolo-
gies[J]. Spacecraft environment engineering, 2015, 32(5):
464-468.

FHE, Dok, £, S EAN ORGSR NG )53
Bt 55 i %5 W 5T (3] A K A TRE, 2019, 28(5):
122-129.

DONG Jie, RAO Wei, WANG Chuang, et al. Research on
the typical failure cases and coping strategy of foreign
Mars exploration[J]. Spacecraft engineering, 2019, 28(5):
122-129.

T, SRBEIE, TRREE, A P T BR B R AR A ) R
). s ﬂﬂlu%ﬂi, 2019, 6(2): 105-118.

WANG Chi, ZHANG Xian-guo, XU Xin-feng, et al. The
lunar and deep space environment exploration in
China[J]. Journal of deep space exploration, 2019, 6(2):
105-118.

BRFH AL, AR, IR S HREE
2, 2012, 29(6): 591-601.

OUYANG Zi-yuan, XIAO Fu-gen. The Mars and its en-
vironment[J]. Spacecraft environment engineering, 2012,
29(6): 591-601.

BARLOW N. Mars: an introduction to its interior, surface

D] WER AR IR T

and atmosphere[M
Press, 2008.
FRE IR, KRR R Bl A X
BHEEHAR K, 2011.

CAI Huang-bing. The threshold wind speed for dust storms

]. Cambridge: Cambridge University

1. ARE: HE

on Mars[D]. Hefei: University of Science and Technology
of China, 2011.
sk, XN, VR, ORISR BRI 04
RGP, MR AEFREE T, 2014, 31(3): 272-276.
ZHANG Lei, LIU Bo-tao, XU Jie. The thermal environ-
ment simulation and test technology for Mars probe[J].
Spacecraft environment 2014, 31(3):
272-276.

FE . BB KRR
18-20.
WU Guo-xing. Severe environment on Mars[J].
exploration, 2005(5): 18-20.
X, B, R, fF JOREATRIIREAT TSGR
AMK, 2019, 25(2): 256-264.
ZHAO Jing, WEI Shi-min, TANG Ling, et al. Review on
driving environment of Mars rover[J]. Manned space-
flight, 2019, 25(2): 256-264.
R, M. SRR G AT 55 1 25 () PR R AE
SR L[], RIS T, 2019, 36(6): 542-548.
CAI Zhen-bo, QU Shao-jie. Space environment charac-

engineering,

] KREBZE, 2005(5):

Space

teristics and key points in space environmental protection

design for Mars probe mission[J]. Spacecraft environment

engineering, 2019, 36(6): 542-548.
AEPE, BPHAR. KRR T[]

K2R, 2014, 31(2): 28-31.

ZHAO Zhi-ping, ZHAO Yang-dong. Analysis on the Mars

- TR AR



<42 -

2021 49 A

[12]

[14]

[17]

(18]

(19]

(21]

surface environment[J]. Journal of Shenyang aerospace
university, 2014, 31(2): 28-31.

A, SATAL. MR ER A PR EOR (M), JEat:
FE 57 Toall H kL, 2002.

HUANG Ben-cheng, MA You-li. Space Environment Test
Technology of Spacecraft{M]. Beijing: National Defense
Industry Press, 2002.

oA, A, whi AF KRR TC KR IR R
PURIREAR[]. HURARPAEE TR, 2018, 35(4): 382-387.
LI Zhen-wei, LUO Ji, HAN Fang, et al. Low-pressure
thermal environmental simulation test technology for
Mars rover model under wind-free condition[J]. Space-
craft environment engineering, 2018, 35(4): 382-387.
WREZHR, SKALHE, AN, 45 TalE CO, SUAG IR
I BRI RG], ALK IR BE T/, 2019,
36(4): 398-402.

CHEN An-ran, ZHANG Li-hai, ZANG lJian-bo, et al. De-
sign of Mars environmental simulation system with pres-
sure-stable gaseous CO, atmosphere[J]. Spacecraft envi-
ronment engineering, 2019, 36(4): 398-402.

FTIR, AR, g HRE R RSB K R AR
RO FERBIII]. URASFRE TR, 2018, 35(5): 457-461.
WANG Yu-chen, DU Peng, XIE Zheng. Simulation of
Mars thermal environment by GN, temperature adjust-
ment system[J]. Spacecraft environment engineering,
2018, 35(5): 457-461.

A B ARG R DT R [C/ AR A+ — e 4z T
il TR 2B, dLat, 2010.

TONG Hua. The exploring about controlling tempera-
ture method of specimen in high vacuum thermal experi-
ment[C]// The 11th cryogenic engineering conference.
Beijing, 2010.

RN, TR, BURME, & KEMRIITR ST
HAS AR, 2019, 25(4): 254-258.

LI Pei-yin, YU Chen, HONG Chen-wei, et al. Heat sink
temperature adjusting system design base on nitrogen[J].
Vacuum and cryogenics, 2019, 25(4): 254-258.

ZYREZ, HIRE. KENIPHAROTTEIEED]. T
B, 2016, 36(4): 951-961.

LI Ji-yan, DONG Zhi-bao. Research progress of aeolian
landforms on Mars[J]. Journal of desert research, 2016,
36(4): 951-961.

B, R, B, R KIRALE A IR ROR
[7]. =R 8 J12EER, 2017, 35(5): 680-686, 692.

JIANG Zeng-hui, SONG Wei, LU Wei. High-speed wind
tunnel free-flight test technique[J]. Acta aerodynamica
sinica, 2017, 35(5): 680-686, 692.

MR A R TCHL S K B RIRBTSE ], s B
R, 2011, 22(3): 10-12.

ZHAN Pei-guo. Review of Mars airplane and Mars wind
tunnel[J]. Aeronautical science & technology, 2011,
22(3): 10-12.

S, K, B, SR T RS SIGTIKEI R KRR
AR BB AT )], R SHEORA, 2017,
37(10): 963-967.

LV Shi-zeng, ZHANG Lei, HAN Xiao. Aerodynamic

[23]

[24]

[27]

[28]

[30]

[31]

structure design of Mars dust storm generator based on
vacuum e¢jector[J]. Chinese journal of vacuum science and
technology, 2017, 37(10): 963-967.

S, KA, ERR. KRR R A AT
5[], BEER2ESH AR, 2017, 37(7): 669-673.

LV Shi-zeng, ZHANG Lei, HAN Xiao. Numerical and
experimental simulations of Martian dust-storm in low
pressure environment[J]. Chinese journal of vacuum sci-
ence and technology, 2017, 37(7): 669-673.

COQUILLA R, WHITE B. Wind-tunnel measurements of
Mars dust threshold in an unstable atmosphere[C]//43rd
AIAA aerospace sciences meeting and exhibit. Virginia:
ATAA, 2005.

VIR, ZEZE, A0 KRR S0 Jeati
AR 244, 2012, 38(1): 28-32.

SUN Li-lin, QIN Guo-tai, ZHU Guang-wu. Characteristic
and detection of Mars dust[J]. Journal of Beijing univer-
sity of aeronautics and astronautics, 2012, 38(1): 28-32.
Bpkde. REUR PR ER IR HOR SRR [7]. TR A 20
BT, 2012, 29(2): 173-178.

YANG Lin-hua. Large solar simulator development tech-
nologies[J]. Spacecraft environment engineering, 2012,
29(2): 173-178.

B, kSN, TR0, & —PEE A R IS
B, KPHAE2AHR, 2014, 35(6): 1029-1033.

LV Tao, ZHANG Jing-xu, FU Dong-hui, et al. Research
on a high collimation solar simulator[J]. Acta energiae
solaris sinica, 2014, 35(6): 1029-1033.

il 2 AR E R GRS (D], WA ARE:
IR TR, 2017,

QU Jian-gang. The control research of suspended
low-gravity simulation system[D]. Harbin: Harbin Insti-
tute of Technology, 2017.

EPRAE, ARG, XM, A R A RIACE A A
SERUEOR )], HURERFREE T AR, 2019, 36(6): 594-600.
GAO Qing-hua, LI Peng, LIU Jia-bin, et al. Thermal en-
vironment simulation technology of Mars rover wind
thermal balance test[J]. Spacecraft environment engi-
neering, 2019, 36(6): 594-600.

RANSOME T, PESKETT S, TOPLIS G. Thermal balance
testing of the Beagle 2 Mars Lander[C]//4th international
symposium on environmental testing for space pro-
grammes. Liege, Belgium, 2001.

VELZER P V. Convert ten foot environmental test cham-
ber into an ion engine test chamber[R]. NASA
2007-0032831, 2007.

FISHER T C, MARNER W J. The use of environmental
test facilities for purposes beyond their original de-
sign[C]//21th space simulation conference. Maryland,
USA, 2000.

LI Ji-yan, DONG Zhi-bao. Research progress of aeolian
landforms on Mars[J]. China deserts, 2016, 36(4):
951-961.

Y5, T A KR BRI 55 2R MO R R D]
FREATR, 2015(6): 25-28.

LI Sha, NING Yuan-ming. Failure analyse of foreign
Mars exploration[J]. Aerospace China, 2015(6): 25-28.



