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Overview and idea of the Mars UAYV experimental

platform development

TAN Liyan, MAO Yijun

(School of Aerospace Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: The Mars surface is rugged and its environment is complex, the Mars UAVs provide a new idea for Mars

exploration due to its high mobility and flexibility, and is an important paradigm for future deep space exploration.

The differences between Mars and some relevant surface environmental parameters on Earth are compared, the

main uses and difficulties that Mars UAV's need to be overcome are analyzed, and the importance of Mars UAV ex-

perimental platform is clarified. The technical features, functional advantages and disadvantages of the Mars UAV

experimental platform developed by domestic and foreign research institutions are introduced in detail, and the need

for the experimental platform to have a simulated Mars environment and measure relevant parameters is summa-

rized. On this basis, the idea of building a Mars UAV experiment platform is proposed, the overall design ideas and

thoughts are given, and the prospect of the application of the Mars aerodynamics experimental platform is made.

Key words: Mars UAV experimental platform; Mars environment simulation; sensors; hovering efficiency; aero-

dynamics
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Table 1 Inlet condition for the flat plate test case'”’

s 16 F S ek KA KAEE
Bk
BAE/(mes ) HMECKR/HER) /% #fH/Pa POl (IR /3K /% Bl /[kg- (mes D] HAE (IR /#3R) /%
KR 3.72 38,03 756 0.75 0.016 7 L 37
Bk 9.78 101 300 1.22
" T 7R AR TR
=2
BE /K PO (R /HER) /% B/ (mes™) PR (K B /3BER) / % BUE/ % PR (k2 /3 ER) /%
P 218 230 0.13
72.67 67.65 0.62
i Bk 300 340 21

[ S 7 2 T A B A S 5 o B
S e ML HE B B o 2 M 3 A A
VBRI 5 I 6 00 S S L O 4T 52 5 1T
A E R

2 EARIEBEEHRARER

VT 20 45 8], tH 5L 4% Hb 18 BIF 25 HIL A #0 X6) 455 0
BRI THNASLE S, R TAIER
B R AL BRI Y B B R RO E A T

o BUE D5 BT T kR FRBE (18 B8N A B 2 )
TR A T ARG B RN 3G A0 AE O TR B TR S B D bk
ARl AR AR S 0T R 45 2 1k Navier—Stokes £
PUHEAT IR, (FRE 0L 52 56 B 4% LA — Bl 5 Oy B0
(W8 F 25 B e T AN HILIY 3l g 2= R g L ok kb B 1
L7 15 0] BB AE AR I B ROR 5 BV 5 A R OR U
P i e XU 2% 14F R XA 96 38 R gk 4T R Bl 2
S 5oy Hr. HRrEE L H AR E A E KA gk
FRE T KR T AN GRSt



%2

TR EE A K B TC AL EG & R R 2k KAt AT 3

2.1 BRBHARPLOEXLES

2001 4%, 36 [ 5 0 o aF o b0 1 S AR R T
iR E A E X kB AN AT . fER
oM 37 000~54 000 A9 F1 5 5 B0 R 0. 50~0. 65 )
0Bl P, 35 A 30 AF 5 b0 0 A E TR A e 3 X
TG AL T R A R ok R 3R T e R b R () AT
34, B0 TR B AE 10~50 kg 98 Bl Y 6 ALY 5%
HCRAT RN T AR [A] 3 0 W 0 5% b O 45 A
M L8 & K 1R (Fe 1 ft=0. 304 8 m) , Jf- 5t
P T RTAE SR 5 b I e 3 TE A ML B e
X e [ 22 38 I AMLITAS GE L ALAY o S 8e & i 7
TE SR U A7 2 XURP S 56 5 0 B A SR T O B
= NS BB S kR R R — B K (A 1
(a) IT7R ) o JHE 38 18] B 22 %6, (i Ji 3L 7= A4 ) T 7 1)
Tl =AY R E AL ARG . TR
58 o U = LA A DRSS 2 (an E 1(b) B
) o ARG BRI GT 0 8 U 2 gl 57 A
+ , #WF @l T TAMS (Terrestrial-Analog Mars
Scouts) £ 81 Ml jig 385 T8 AHL L

90 ft

ROTOR
WAKE, | | , ROTOR
: | | PLANE

“Frrust

(b) =87 B =

L RIS 10 5
Fig.1 Experimental platform of NASA
Ames Research Center™”’

2.2 HERIEEEXRFMAFARILESR

2003 4F- , 3% [ 1y 3 4R K2 19 Kunz' ' 8 % I
T B RAT I A KB g b i T AR
oA ERM LGS, WA 2 s, —REE SR
R B G — e AL T 5 — i kS
JEH T R o B AR R T 0T LLGE S R R X 5
— Uiy () FL - KO 7 AR ) R i aE ) O R
A TR T RN . O TR, SR A8 o K

5 B BlORUFLAT P AT B, AT LORE 5% 1 09 5% 0
A v KK A2 1 R /IN RIS 1 31 S R R
PEATIIY o X — J7 ik AP AE — S R £ 5 T R
JEBR/INE A5 AT Al R A e EE 45 1 R T R F Y
g N R el R kiR 25 o P, SR AT
Th 35 - 15 I5C 2 E 7 A9 T 3 R MLk X — S i P
7 J5 1Y B2 BRCH 2l AT DU AT AL/ Tl R R R 4 R
28 5 0 T LI R M BCARA T W0 T A
B A1 64 10 3, 8 o 02 38R B 7™ A A B 84
JES TR, BT LAAS B T g AR e A A S 2
B, BRI ST 20 B LY TR RO

(a) LAY

(b) TiE 38 5>

P2 AR A S A
Fig. 2 Experimental platform of Stanford University"'"

2.3 FEAXEHEALES

2004 4, H R 75 50 K 2F Y Tsuzuki 280 %F k&
T ML AT AT AT T RS, 5288 &5 W E 3 Frs .

. A
-
: -Fulcrum B
chamber and the internal
grcssure is kept about

60 torr)
R 76 /

Inclinometer unit
(The inclinometer is in this

Digital

oscilloscope

B oRias
1 il

ik HLBL i ‘. ——
500 pulses/rotation| count

PS00 Hih/E| Lo

[Tochometer Jytze | Mk

B3 R RS At

Fig.3 Experimental platform of the University of Tokyo'"”

BAREREA - THEHBEN2.40m, HEH
2.73 m By ELASEE A B i S SRR RE S L
L B E SR A T R AL T ) e



4 fifizs T

ORTHL A . b, T g 2 0 A T (Midori-
Precisions, PMP-S10LX) . 4% 73 sh)5 , 5~
Az 0 T S5 AR AR B AR AR 2 0 A A A A A
Al ROKE B3] 0. 01°, 38 3k T AU 1 ih 6, 1T L
HEAR RN TR WA C TR IEFE R
XK F Al DLl o W R HL (Maxon Motor,
RE25) {4 #& 9 B 0% &= SR I8 % HLE # 5h
23.18 mN-m/A . 3 5 R H T 3R A Bk
PR B St T B R i oA s A 500 ik vk /JE
TE 43 T ik K/ F 0. 13, B 7R 35 807E 2 000,
4 000 18 000 i}, Tsuzuki 252 TA g , 24 i 2L AE FI
P ERRIR R 2 L BUELAE 100 g 22 AR KRR TN
MU RTAT I o X T2t BRI 8 A 2% L e T Y
ORLR T A8 G BT X TS T AR R EE A
B o N T R R R RO e nT DU s R
[ (Aspect Ratio) Fil #2 = B oy 50, 36 24 14 K B¢ ¥
(Camber) 7] DL & T+ 77 6

2.4 DEREZAZFEATLKES

2015 4F , 36 [ By B 22 R 2 X0 T/NBE KR TE
AHLI A PERE EAT T I, e e & i 7
—ANEEE R 3 in(£ 0. 91 m) Ay ELZS 5 v, A (&L 4 F
NN B R AR R R B e AR SRS AT
FH 55 A% B 2% FRL ) A5 B A% o Ry T ORE o I R
Hacker B40 L Ji JC Wil B8 #L 5 5% 7 % 82 , 5% 1 1
o — A 4 1 RYAT B U U 2 5 O A R A
oty AL B AN T T — A % AT 5 T A R T
XL AL RS A R0 e Bl L, AT DL R
F YA . B AL AR B I T G, B 2 T L
PEHE T T kg W Hr ) HORSEE AT DAGR B +1 g0 HZ
3 o AR SR Ok IR AR R R, DGR BBk
KREWEEMHM ., A= PR T HCHET
1 IR R L IR A B E R RAE
FEFEHIAE 0. 016 7 kg/m° 22 44 .

Evacuation chamber

Rotor

>

)
p - Q ‘

Iy
4

-

(a) IHHLI

: %
RPM sensor /
&%

TOl'quC sensor

/.

—— P
Thrust load ’f
cell ﬁ

(b) ML

I R 1 2t RN e
Fig.4 Top and bottom views of the experimental
platform of University of Maryland"'

e 42 3 8O T 5 000 F DLk R AE 0. 3~
0. 42 B EH NI 2 & BA I F RS izt a]
DL 3k 200 g A2 A Sl ok R B TR AL 41 R
g Tt 1, HLEEMUAEE S T LAGA B 13 min 22 47 5 24
B 3 000 34 A 3] 35 500, & 45 S B HOR L — 4
RS B AR E T 0. 62, 855 — ML
AHLIIFE T -

2.5 BMAREIWVKRFMAFAXLES

Fel AL X KA TS AN BILSE 56 65 B9 F 5 o A T —
SE I HERE . I IR Tl R4 1 &2 5 2 5 W HE R
JC N AL B 3 4 1 I 0 ke T T O TR
Ro AR AR R SE AL AT SR 5 19 Al E
ok - A A R A RO T AR B T 0 BT TR
(1 0 A TR B A AR R A i R A R i b
f H B E A 4 A A N S X e 3R 0 AT 43 3 A
JEE AR TR AR T T, AN SRR o W TR AL, K
BRI A 5 ORI REIR 250 54 EL A SR AL
TR AR E A S BE TR 2 A% BRI R B
A T FL 23 3 N BE OO0 T AL B I R B OB AR
55 OGRS A o B G =2 AR A 3%
FFIE 32 5 JOE S I i 15 P06 45 32 & () il A1 X i
B TR S AR A A K
AR AT A% 3B 2= E O R, BRI 5 | 3R 4 3% AT Y HL e
AL S TG . BB S TR
THe 7 A B A 8708 4 T DURE B 1 A B e O £
AR 38 I TR R A R AR AR TR R O TR T R
B, IR AT L e 2 AL S A i K B Tl
RAE Y PR AT T Bt BRI TR IR



%2

TR EE A K B TC AL EG & R R 2k KAt AT 5

i 2 A% A R AT I B G A A A A EEOG A 5K
LA Al ) I AN L N S E e L ST T
P JE A Dk e A S 2205 T Ak B R % i A OE A
T5 WA B 5

(a) LI (b) LHHHEE

Bl5  BE/RIET RS E
Fig. 5 Experimental platform of Harbin
Institute of Technology"'

2.6 “NES"NELANKLEE

2021 4%,k A NASA By kK B L AWLHLE 57
U T AR KRR A AT ek R T AL
AL 1. 8 kg, 2R FH A il MU 3L A 3R 25 4 %
IF H AT PASE B4 0T 300 m B LR KATHE B, AT
JEAE 28. 4~42.6 cm, SE T A4 A F K
fro WP LPAAEMBR EE R RIT2Z 5,
e N TRAT I S — B %

% KR TC NP M7 FLRAE NASA IS,
i P52 56 5 %A DARTS Shell (Dshell) {5 B 3
B A1 i, Dshell & — A~ 24T 45 il K 45 1554
M85 W Bl 7 2 B UL R A R A R R B — A
U5 B IR BT I IR BT T DL AN T B R AT R A
PEEZ 0, LS B 45 b AS [R) B4 05 L5 R B 57 1)
% &4 5 Bernard 45 FE Dshel HEZE HIMA T
il L 38 B AR B ) S S RO I R s SE B T
— 3 HE o 850 g A2 A Y IR BU ML A 3K K, S LR
SRR T B 5 S0 SR

FEH.25 %, Bernard 5517 o 31 58 A A Bk
SEILT R R KRB AL, I i A A 3 IR
TER AT S A5 A5 SR A RN AT
M8 2 R B . EHTHOLLLE B o AT
W, DA 5 A B 3 b ik 20 P 1 8500, I % 2 HF —
BT RAT R T RAT SR S b E A —
A€ Hil 19 2-DOF J7 o] 45 FEAT L84 H Ml . 728
JIRERL A 38 A — A E ) LR — A A e

i 22 11 5 Sl R R ) VAR R SR D T R ALY
Mok [ R, TR R R A 0 R
T AT AH 6 AL SRS SE I 1Y . Bernard S5 HT
E T3 AW RS T X T IAN AT LA
WS, ELFHAILANSE 56 5 4 ke 1 W T 8 R AR
LA A AR, JT AT T 20 SRR AR AL AT PERE I, Vi
coniz B IR EE RS H T ®AT BB ML %, AH L 5
A U 6 T .

(a) 2R e s

(b) 25 45 i P

K6 “HLES" KETANIHEEYLIE A
Fig. 6 Experimental platform of prototype of
Mars UAV “Ingenuity ™"’

3 LWANSH

25 LTk fE B B Oy L AR kR S R
FEARBES N ES KRR A N EXT KRS
WEg REME S =AM . LKA
REXT LL W3 2 i, AT LA - K43 52 5 65 1T LA
T 2 X T kR AR KA BB . X T R4
R B FBL , K o R 98 ML Rk 5 T A RAE N R
AR T R T Tl K 2 R 9 B N BT
2 e A HEDE (Jet) 3296 2 MK 8 T 76 K2 L4
it 2 5 b A7 (1 AR A Bl R 1E AT AL, G B il A5 A5
PRI BT T2 9 JAL ok R KRR Ak, 4k



6 2 TR

o515 4%

ZRC R B WA X T R AR IR B L
AR B MR T R AREE g B R R

Dshell 22565 &, 52 0 T 5 Tk B R85 ) 4 HR A
B, WAE R T A H R AN N /AT,

K2 AR JOR PRI B L
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Table 3 Comparison of measurement of aerodynamic performance parameters of UAV's in various research institutions
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Fig. 8 Conception of the Mars UAV's
experimental platform
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