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Design and control of a ground simulator for terminal subgrade
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Abstract

This paper designs a final-stage ground-based chiral rotation simulator for the microgravity environment in outer space. Through
modeling and computational methods, the study conducts comprehensive simulation of the final stage, structural design optimization,
zero-gravity levitation, and zero-friction rotation system design. Based on modeling results and issues identified during mass center
and inertia matching, we developed a robust simulator structure, a simplified yet stable rotational axis system, and an adjustable pitch

angle mechanism with precision control capabilities. The equipment has been successfully implemented in field applications, meeting
operational requirements in both rotational accuracy and control performance.

Keywords
zero gravity; zero friction; chapter angle adjustment; Creo modeling; software control

R F LR iE et AR SR AT SRS R
Mk SAES RS Sk
WE /R TAL KA es AWFF T, HhIE - BRTT ME/KIE 150080

=

AT — A K E R EIRBLT 9 KT O il A8 B 254y, R A e it oxd R BT Sk . it |
F ARG R BT RBARERIABRTFRRG, WEROT R T I PIAL, SOt T RET M E L
My, R EAE R AR R A TR TR AR R F S AR M, ALUREEAH CIFRT ERER, EiAF R i
A A @I AR TR R,

KA
FEh; BB, FHMAT; Creodl; A4

13|z ARSEY ST b I S P R
P R R, g R IR A AR 2 MR

KT TR L, KT s R B OSORERIMIR, TR 2 5

BT, AT TN, R =BT ERERE TR 2R AR,

P TR A, EEE AR AR,

i

=N

KT AR R Bl DL A PR e 28 SRR e 28 SRR S M A S T
BV TARAER R, IR R Ry A AR SIRIRE Z AL, . 22 SRR
PRI E GBI TSRS, RS, Wiy YN, T

RE

TR VR AU TR P R 0 25 (R A B, 1) 28 SR R
Ui TR S SR R B L (SRR it T @ FEPEMAR

BTSRRI 2, R T2 RENA

471 5l SES ISR
2 AT AR AR 10 SHURIIT F 42— , TR HIELIEL , 7

2.1 SIFH TR S AR B AR
SIFHIT RN IR A, [ E R @ & PR E A
SR . PECRERA: & 5 * H =1675mm® SURBRRIBEIR, EIHIE, EHAI 5 556 /43,
1675mm*1175mm, SJFEIGHE : 396kg, HE TR 20~30°C, A B 130 545 / 400,
SR AR RE TR RAEREE, HEZH,
[fEZRAT Bk (1991-) , 8B, bEURSEA, K ® iE R
B, Ti2m, MBVEIZEHR. SRR R IR EVE RN RS, EAE R

41



HRIWEREAR - $02% - F 034 - 2025 £ 07 A

SRS (JREEFF = I RE RS AR RS A 500, i BE M 20°CFF
£ 100°C , ZSSMEEERE N 23%), RIL , SRR 118 R
JUEATIR -265°CH] 1650°C.,

@ A RE DMK

SRR AR ERE D SRR IR, SRS R
HEBE I R AR RS RS R SR T4y 2 L. TR
PR AR, SURSIER A RE AR E, —EAr
FEEZ A L O RN E] 0.36 JRI.

® InTHEEK S

RS SRR AR EBE ISR | i R AL
(TR S A N RATRIBR (/NT 0.015 2K ), TSR D
RETHEE P,

2) ST

LRSI PR RIS #200, %1 TVEH /7 0.4Mpa,
HESE 6L/min, nJEFRAN#E 200kg, SAFERES Sum. PUZH
SIFIEIR A TETT 800kg, A6V T 396kg, IR IRTEEDK

SOMER: EERERRAT 4R AS0M, B 121, TIEE
77 30Mpa, SR B2 195mm, A 595mm, it 6.5kg.

RIESEHESE N SRER. ZRUTEE, 8250
LRAS BUES, TESE 0.4Mpa TIVEE TR, SFHRT L
PEIFR: 150min, AT 2 /0N, R TVERHRZER,

3) dhaliiiE . R MR R TR

SEFR TR AAER R RN, WX AR
S AT 2T 396kg ( ANE & 2R ET AR F iU NE
)

SRR T (JeH e R RE S TR P S U
T TR )

1. EHmpiese Xh HOFEAH R

2. HfeSE Yh AR Jwy=114kg * nf;

3. HAfeSE Zh FhrE AR

ARSIZHITH SR SRR, R AR

{8 0.00001, SJFEITHE 396kg, BICEIR S AN
SHEEIBEEEIN 0,
2.2 IEFE IR BN R ITTRYIZ T

BERG LA THEAE BRI OIE B, EE AL,
AL UL B . Bl =R —umh A R aRe AR,
TR R VXA NG &, sl ilyE = 50 E —
FIbERG, HiRE— el SRl = 55 E
5, SERCR TR e

VNS REAR W g = Aa sk DN R SR ST il 2o P E
aEhE EheRe T AR A RS, FRaL S S e A E
B, shitheds, Sanmc eMhRaEsRES, TrERR]

S R R R .
SEHARFIT AR

3.1 #EH RGN
TEATH IR E S, EH RS Ao B

Jwx=98kg - ni;

Jwz=119kg * ni;

42

iy, wE 1 FoR, S —amE R TR HEITENL, DA
SR e IR A SRS T . IR R R S
AN T RGE, B MERIFIT SRR IIRER
B, iy R TR AT, PR RAS R E
2RI, SR AR RTEEE.

AR
4%
A
RS485 RS485
A
SAI0 B et s

1 25 R G EEHIAE

AR Tl BT B B BT A A O AN B ANEL
PRI, SR IheE:

OIREE B REDR: B EEE RS NIERE
b, SR RESAIGEIEH A B LA E 2R,

QFIESHT: X RERIEIRIHTONTEIE, $2hee
= B TR

OIEFE: KRR F e Sy A s s
o, DUEESE RIS

@FESTED: BRIeLE R DUIR S s E # S TE R
JHER P ERANCF

W5 A EERE TAL B, Bl
FIAS A INRIEAE e, RS TEdRGE RS
ROUERYE . TTENLS HAbE ST 2 s i X 74
PERcH, SO T A ThRERE R Z [AIRIENAE TR, AiREeSEE
A E B TR RO T sk v
32 WHI RS ThRE

PR RS B R RE S M il & S e IS R e R
WA E, kA& Tk PC BN &GRS . BRI
TECFER O ASE, HEEEREHE PLC M HARR S,
OXANEEHL. EALARSES . MAEETERREY . TR, Tomitl
bk | BEAhIRS , (AR R DR R ERAEEA -,
IR FERE B = 5, DURIEAS TR AT ARl

XA AL, PLC R E TEHIRIRER, MRIET
ENREFEHSE NP TOHEN TIRRES . BRI A5
AT T O ENEs), AR ERIE T, dwies
LR N AT RERSEHNIRESEER, Ri%E% PLC
STix RSN R ALY e

PC #B/EA FATHL, Wit RS485 5 PLC #H74UEZ &,
SCERH A AR S IR A Ab F . AR, PC g AT DL
TSNS R ST TR B, SEI N A= $E )
IheE.

BN RGBT TR TR :



HRIWEREAR - $02% - F 034 - 2025 £ 07 A

O EAHANZ E R EETBshEH, KikEzhasd
%5 PLC;

@ PLC HRAEFEREFTFIGE T, il AR 4
il A SR HIR AR, SRR, BEEIAL
SIEHER

® PLC K ikfihilar &4 SIREN 750, RS AlE
B, FRRIAAENAERERE S, PLC RiBTESA IR H
TCEAHIT, (HIREhE TS AR R TR ARz ;

@ PLC iy T BN, ARIUAN IS HIE A 21
&, (EHFZIR BT B TS GE BBV 107 X BRI
HIFTT, EhHT G T SR8 TR,

® PLC REBIFBAII TR Al es IR, Hseht
ORI E SR B ARAE S RS ORI

©E&Zf IR, PCImFER-lT PLC R T30
AP REEFTIG I M Db e, Himid LB S INBr S oo
PTREE, RIS R IHE R &S T,

3.3 Mz R PE R AR R TE

1) W2 58 S 2

M AL R AR AL S . R RIAR R = DL )
ARG ENBTEEINES, 14 H TR R5 R
e

&1 ERGHEETIR

AR ik
T e
R B R
AR NLIRE) AR A, B
T R Eh A S e §$@E%£57%§ A
L R Y S PR 1 B
SEEEAEARIE 4, B L EE BRSSP
R,
gy ROEESEHES TR, S25%
5 SR
MR MRk, R HR
g RSO RSO S O,
=Sk lﬁ(]zi

KR, AL

2) AN ARG HE AT S

WRIE ARG AR LERPER RIS S AR RA, Relfbafz
RES NI FOHRE . (ESRIEMESESE, RIERH
O, SRE PR =P .

PR

IER SRS AU IR S A | F ittty
{5 A SR i O Fe AT A A as b T Ot R,
{EARREUE A

(E55RH

WP RGBS A B PR DL M B B e 4R
i, KR TESBHRIRE, RS HRE A

“RHT A, RSO MR E RETT, (AR, S
AU E1E4

BalEE:

W BT A EE SRS A LN, Hik&
BRSO, BT R SL R IR U, U
AOUER L, DIHRIEE BRI S & TORIRES . Rl
Y B AR S KA ERE T,

4

it

T R e T G 1 f i T S w1 T T

3¢, BIE TN AR TR EERE D, IR e

[AIEASEHRASEBRERE TVRRAS, RIS A i - P R

SRR, BT SR BN RIS ERE, B

FrahEEAE R N AR A I T IO RAE . Uiz Zk

JIRET, RIS A rR R A S T R TR AR

PEREZEDK
K JTEHTR AN ERRIRAAR . (5 B REMEIEL

FARADE B ATENS MEARR,, HEARRME SRR me

BB, TS MENE RS RS NWEE RS 1, FERIETEREEE

SKIWETEE FRER PRSI E . MERERTAE . HliEm{EE

RSN, HESDUENEREZR, DIERNSNIZ) A

TR, TR LR . (RIEIE R TR SE R i HI

R RS BER PR NIZE R

5% 3k

[1] 752X, R elee, B2 A, T ke S HOR R L TiE s KET A
T RIS S A S 2B 1], R A ZE,2024,05(2): 5
15451,

[2] RS XURE, MR s, s e M 85 L TR 2 I ] A (S
HTRRIT T 8], 28 TR L T K,2017,14(01):1674-7135.

[3] LHLTMS, 2058, MRACAR, JE R s /N T B 4y B ML EE ik
B A GRS [ AL F AT R, 2025,06(03).

[4] DRI, B R 5, A E, X 1H, 5 s & R 8, R R Y AT
2. WA SIFE A AR SR [I/OLL LIRS 5%
7R,2025,01(03).

[5] BRI AF AT AR A RS S e it SR
[A] A T#HRE,2025,01(006).

[6] RAE £ RN, THAM, 2 Gk, B 0 B R 3 S E R R I
A DI TREF2,2025.03.6.(05).

[7] R, B R, B AL, ¥ B, FPUE, B e SR R AR S A B
NS 5188073 HT[BIEIE 5% 45,2024.08.08.

43



