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Design of clearance fit between pico-satellite and its separation
mechanism based on thermal-structure coupling
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Abstract: The thermal-structure coupling for a pico-satellite and its separation mechanism was
analyzed to guide a rational design of the fit clearance value between the satellite and guide rail and to
ensure safe and reliable satellite separation. On the basis of the geometry relations of the satellite, the
earth, and the sun in the process of launching, the internal and external heat flows absorbed by the
pico-satellite and its separation mechanism were analyzed. The temperature field and thermal
deformation in satellite launching were obtained by finite element analysis. The clearance fit value
between the satellite and guide rail was designed on the basis of above analysis. The analysis results
show that the maximum deformation occurs on the shady side because of the cold dark environment
and conduction heat, and the pico-satellite shell and its guide rail surface are not distorted and

deformed seriously. The amount of maximum deformation is 62. 3 um when the preload force is 600 N
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and that is 63 pm when the preload force is 300 N. Based on above analysis results, the fit clearance

was selected. These results demonstrate that the pico-satellite and its separation mechanism can

separate normally under the high and low temperature tests. The on-orbit separation attitude is in

agreement with simulation results well. All of these verify that the fit clearance between the satellite

and its guide rail is reasonable and it can be used in the structural design and thermal control design of

pico-satellite separation mechanisms.

Key words: pico-satellite; separation mechanism; thermal deformation; thermal-structural coupling;

fit clearance
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Fig. 1 Picosatellite-1A and its separation mechanism
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Fig.3 Coordinate system definition of satellite

HAghiH

4 DEAWSKHEE KR

Fig. 4 Relationship between surfaces

of satellite and sunlight

*1 IDEREHEZLHRERESKMEXEA
Tab. 1

Coordinate of surface normal of satellite

and the angle between normal and sunshine

[T LY N Y D) cos 0

+ X (/24 7+ f—v,0) —sin(y+ f—wcos B

—X (y+[—v—n/2,0) sin(y+ [—wcos B

+Y 0,m/2) sin B
—Y 0,—x/2) —sin B
+Z Y+ f—v,0) —cos(y+ f—vcos B

—Z (y+ f—v—m.0) cos(y+ f—wcos B

KA GH 5 TR AR R R WA 4 Fis,
I =A% 20, T DU 8 45 vk 4k 5 K 6
L s 0, AKX KUY,
cos 0=cos dcos ficos ¢+ sin dsin B, (4)
K (o, O 0 TR R A bR
EE UG UPNEE I

¢ = Smax(cos 0,0). (5)
PRI 2 S I 220 B i 22 A 23 T 0°, TL AR L
FAHEIT 907, M v A AT I RN S ot TR R S ri 4
BEL f ARG AE T AR MG A, v R K AT
.
TR R MVEL A AR S 5 R A GL ke # n
1 Fw,
4.2.2 Mpash#on
TSN R T 32 B A 21 A0 R AT A B R A
2R,
¢ =Eqye@s (6)
K E Ay b 3R 21 50 205 I3 85 B, i BROF 34 i IR
%pEOﬁﬁﬁﬁﬁ%:¥?%:ﬂ9Wﬂﬁw%ﬁ
KL Ah f R AR
HR 4 52 BRI J7 10) AN [A] , b Bk 21 41 1 22 50T 43
FULT 3 FPiEH .
(a) 0<_¢=<arccos k.
¢3=kgcos . (7)
(b) arccos k<Z¢<(m—arccos k).

@;Zkzco&p—l—i{g(lkz)lrz(kzcosng)l'z

sin ¢ ktg¢
(8

arcsin[(l;kz)” ] — k’cos arccos [M } } .

() (r—arccoshk) << ¢<m.
=0 , (9)
Hrp.p h DARFRMKEL S TR H Bk %24k
sk=Re/(Re+h) s Re kP42 h 5 LR
KRS, 4 X TS TR - R 2
T ¢ x=n/2+v;— X 5 TE-HIERIEL KA
O x=n/2— v+ ZHEE5TDE-MEREL KA ¢,
=y, —Z 5 DE-MEREL LM ¢, =nr—v; TY
m.—Y ﬁ%ﬂ%-ﬂﬁfﬂzﬁégﬁ‘%% Py =¢ y =

fiis
o

=,

1
&

n/2,
4.2.3 MBEBHER
TR Z MR R BRI AR
@ =pS¢: (10)
Horbr: g BRI AR BB IO R A KR -
@ = gycos Q. an
TR R T 32 ARG A

Q=(q +q)aA+ q:eA . (12)



1804 e KE TR

22 3

Krf o A R A EHR HREWR U3 e y T A
FET A RE & B A Ok TR 3 1 T L
4.3 WHREDH

R IR T B AL DR R T A R N2 A
e TR FER I 25 Fh A% I8 0 JAFE L FE R O o 7
H, 2 TR HAFE 3051 W,

5 M-LZEMABE AT

PRI D5 T DA 8 7 AR B o B T3 o JH 4 8l A4
P75 By Ak R S R L R B TR PN R T A R
TEH AR TR Ah 72 RN I & 1 0 301 26 Ak 1
i R OC g 5 TR Sh5E A T g PObt e S B
PR L TR DA A% A i R B A A Al TR A AR
TET 55 0 266 A BT B8 FEL 3 7 78 23 b o M A R 23 W
S781 F#EE. Br TR —E R Bk b TR N3
Tl 22 )22 B LA 5 A0 B A . R 20 B HLAG
RIMA OB A M, KT T 4 IR R 5 &
Be TR R R o> B LR 5 K R R . A
HHIY R BH BE ORI S R AN 2 R

F2 MEEXPARKENL SR

Tab. 2 Solar absorptivity and emissivity of materials

R as €
K BH 16 F Y 0.92  0.82
S781 H& 0.17 0. 88
A0 TR SR AR TR 2 0.14  0.12
A AR )2 0.95  0.91

e HETARK: T ERABRL
a1 B LG PR B
14} == N L TR
4 —o— VBB PR AR R
== PR YR
—- BN IERARRE
12 —p— PN BRI R

0 100 200 300 400 SO0 600 700

s

B 5 kG R TR NOH: B A B AL B R A
P
Fig.5 External heat flow absorbed by ‘ZDPS-1A’ satellite

and its separation mechanism during its launch

AR M-B 738 $ fil P BELRE Y, 25 5 T (1] 4% fik

1, 2k
_L,Q.Af At

A A 20 ) bR B B AL S R ARG L,
S5 T ) A BROR RS A7 R G i 49 S BR 4 i
AR

TR R CH R o3 B HLRG A I o A v i 52 4k
PO e 5 B .

E I A R0 A5 1 0 I 6T R TR B
BT o B LA BE AT IR-ZE AR 5 W 25 20 B 1 [R] A
A AL B 73 5 I 220 ) 5 03 8 I 220 1k R i B oy
B ZI0) B TR A N 20°C L A Hr g Rl 6 TR
OR &1 LA ) 1O

he (13

0T s i theTmal lANSYS)
Tempersture 7
I'ype: Temperature
Unmick,

Tim: 600

200 31072 1038

I]'?*.-l Wl
120743
B a0e.47

205,50

04 51
03,58
292,60
20].63
=),
289,64 Min

(LI LT

0050 0,150

&6 TR KCH BEE 2 B AU B 5 0 A
Fig. 6 Temperature distribution of ‘ZDPS-1A’

0,200 m

satellite and its separation mechanism

K2 I R B A BRI  A R DE TL R
A BT U S Tk R A T D O R A,
ARG R R, TR — X H R B X
THT . — Y T R KT B TR R B O B LA
— XU — Y 1A K.+ Z Ak T
T o 503 == A 3 THI i B2 A 0 854 5 oK BH 52 BT A
YR — 7 1 R > B AL - XA )
J0 s 52 O B S A UL 5 I 3k 2 3R T Y I B AH X
B o 32 LA DN AR AR IR TR A e AR AR T AR
WNES. SHS TEE M e8NS TR
I M e KA il AR AL B AP 7 B

SRR NS TE e R R A AR T B, A2 e TR
PREER A L FF BT AT 46 LR R R L (R N AE
Bk — AR, R4S LD10 Mok R 3 I R 5
A 32 A% ARG iR s Sl 22 5 TR 1)
BN TE d5e R A AR A KB R SR T, i 40 PR A R



57

W 2 < B TR R CH R 2 B LAY B -2 AR & 5 1) i s 1805

R T AL R R BT R 52 AT
READ $8 A2 LS L AP0 3l R e

—o— I ALY
a8 —g— v % L
et L LT
—a—+TH BN
297 —b -2 PRLALS
== 3R NN
—— X PR
296 — 7l
295
4
= 2%

292 = T P, . 1
o, v et - e
291 Shesosstt
:u“ A n n " "
0 1 20K} 300D 40 50K} L]

s
K7 S80S TR i R SR AR (E
Fig. 7 Temperatures of maximum deformation points

on rails and satellite shell

P X 5 ) A BB B DLBUEE ) 8 TR TRTE T
SRR, RS S8R Oy B A AR T IT
Ja L TR T3 O Al 8 TR S e s R
A2, HUE 3 ANT5 1 S LI YRR [ AR TR f K
ST R B[] 22 R OC R AN 8 F i .

M

== EH PR EER
—- THENEER
o= -TH INEER
SE3 . W
—— AEEREEE | et )
E 10}
=
E ’
g
5 a6
&
~10F
a0k 4
""" hans ]
-30 : : :
o 10 200 300 4 500 e

K8 25 TR AT i KA
Fig. 8 Deformation values of maximum deformation

points on rails and satellite shell

TEBE BT, DAY S am
[F1) 14 42 fih A St % A AR A AL . AR AR SRR 15
TEOE 255 T A) 25 Bt J5E 38 1L, ARGk 49 2 s 4% fi
AR A ACA K (13 Al 43 R R R ) T 455
T ()4 A S RN R U T s % 5

5 TR Ak i b S I A5 TR AR 1 A e K AR
e iR A E 5 AR NS 3 s .

®3I AEAMENTEEERARBRETHKERTEE
Tab. 3

Temperature and deformation values of maximum

deformation points under different preloads

W% ) P=600 N % 1 P=300 N

M wEA B WEE A
E/K  &/pm fLffi/K & /um

PAE+XH 294.5 18.1 294. 6 18.3
SH+Xm 2914 —15.4 291.2 —14.9
PRE—-Xm 294.7 — 294. 8 —
FH—Xm  291.1 — 290. 8 —
PE+ZE 2941 28.8 294. 3 28. 6
SH+zm  290.8 —23.7 290.5  —24.2
TR—Zm 295 5.8 295.1 5.9
FH—zm  294.2 —4.0 294. 2 —4.3

& 3 AT LA ER AR S T, LA
5 R R E S A AR B, 7R
J12 600 N ', Z J7 1) T Bl 1m) P9 4 iF AR R &S
—27.7 pm, BEANT R AINEIE 88 34. 6 pm; AL
A BRAS AL B K 62,3 pm, X 7 [ BC A T R A8 £k
HOM 33.5 pm, TEFE S 300 N &, Z J5i a5
] P9 45 9E 78 JE B — 28. 5 pm, 11 A1 5E (1] 40 A5
Wik 34.5 pm; BCA T BRAEfL R 63 pm, X 5
I i 4 TA] B A8 Ak &l 33. 2 pm, R R N 2555
BH AL ST 5 mm, TR 5 S 90w 32 i
T AR B 52 45 5 THD 32 floh B 5 T AL XA/

MRS BT 45 R AT LA Y, 32 BB L
S, TRES R HRAERR AL T
BAM e AR B SRR & AR R MIE . R
PRAE B H L) 43 88, Tk £ G A iy ) B E . 7E
T ER SRR A S BT 4 R A b RS

A TR 5 8 R B

0.52 mm, i KEAMB BN 0.6 mm, 5 EH
P-PODSZ J7 B 2 i 43 B AU RSy 7 J2 () d 65 B] B
(0.6 mm)FY.

N#E R 150



1806 e KEE TR 22 %
x4 TEGER5EN»BLRERITLE
6 13& E:/} E{T_}iﬁ Tab. 4 Contrast of simulation results and

. KM3 KA % (A B A% rhoxf Bz TR e HL AL
HBHUMIAE — 40 ~50 °C M #AT T 2 &K IR
IR L SR 5 43 501 DA 5 o R A R AR IR AT T £
W B i IR 0 55 T R R S AR
FEARAE X ], IR K 9 Frs , &0 LR
TEHIR K I - e TR B REIE % /0 5

F LR L) & G e o ok AT R T AR AT AR 1]
FTTF I B0 56 42 40 i 1 ) 05, 45 3 17 L o B
] 5 3 3 [ A P R AT B DR AR AR,
X E g0 25 2 5 05 B4 A 45 SR AT ) L R B
FER B i B R o B I 25 R 5 5 A
RIAR L SRS T , SR kA K
(AL AR T = A R I

K 9

e A 23 8 R

Separation tests at high and low temperatures

Fig. 9

S % Uk

[1] AXFAEE.FRAF A TERRREET] &
# 5 % %,2004,26(4) :289-292.
YU W G,ZHONG X X,LI X Y, et al. . Prospects of
pico-satellite development [ J]. Piezoelectrics and
Acoustooptics,2004,26(4) :289-292. (in Chinese)
[2] NASON I, PING-SUARI J, TWIGGS R. Development
of a family of picosatellite deployers based on the

cubesat standard[ C]. Proceedings of the 2002 IEEE
Aerospace Conference, Big Sky, Montana,2002:9-16.

on-orbit separation results

211 EGR KRR
43 B 1E] /s 0. 249 0. 25
SYEHE/ (mes™h 1.31 —
AR/ () « s —0.16 —0.18
MM A TSR/ )« 57" —1.48 —1.6
TR f R/ () o s ! 1.06 0.95

RS o S AT R g TR A
B R 0 LA 5% 3 0 T TR JHE A2 4
BHLR 8 I % i T o T2 O AN . B BT
5 SN B A S T TUR B
SRR S B SUMUR 363155 T 40 R ) 1%
9 M TR 5 5 T 0036 B B S T A
HEAMBTS5 T T B T 5 5 I 0 R T
. 4R 555 R B T 5 0 10 2 o
BUIN, £ K [ U HF 40 07 46 828 b e . 1
600 N W B 9 1F T BE 4 I B 2 A i
62.3 pm;fE 300 N FUE JJMEH T, B & [A] B A2 1k
(% 63 pm. H U8 5 07 25 58 1 FE I & 20 25

ﬁoﬁﬂ;&ﬁaﬁﬁ%mmﬁﬁmaﬁﬁ
SRS I 5 405 TE A% 16 B4 10 45 58 15 1)y 20
AR T A T 0 TR 5 S
WA 4 BERE . A SC A T T T4 5 TR R
0 4 B AL 1 55 R T RN

150

[3] Astro- Und Feinwerktechnik Adlershof Gmbh. Single
Pico-Satellite Launcher-SPL. EB/OL]. http://www.
hellotrade.  com/astro-und-feinwerktechnik-adlershof/
single-pico-satellite-launcher. html.

Mike Rupprecht. Air Force Military Affiliate Radio
System (MARS) [ EB/OL]. http://www. dk3wn.

[4]

info/sat/afu/sat_marscom. shtmlL.

HARERS, R, ¥ DEMSROEN DB
Ji2g oy M [T, & A7 A 4£.2010,28(1) - 76-79.

JIANG C,WANG ZH K, FAN L, et al.. Dynamics

analysis of the constrained and centroid Biased on-



57

R L 45 <l TR S HL R 0 B MM B B -2 AR 5 5 ] B BT

1807

(6]

(8]

(9]

[10]

orbit satellite separation [ J]. Flight Dynamics,
2010,28(1) :76-79. (in Chinese)

TBe R, W A, AT N TR G5 8 3 1 0
FRTR Y £ 3 5 IEL)]. AT A #,2012,30(3)
258-262.

SHEN X F., XIAO Y ZH. KANG ZH Y.
Establishment and validation on dynamics simulation
model of separation of eccentric sub-satellite[ ] ].
Flight Dynamics, 2012, 30 (3): 258-262.
Chinese)

FARWR, EFF.SMAE TEY(M]L R, ¥ B A
% A AL, 2010,

HUANG B CH, TONG ] Y. Space Environment
Engineering [ M ]. Beijing: China Science
Technology Press,2010. (in Chinese)
e, 5%, E&E.F. MEMILENE W22 M
B E ] R 4% 42,2011, 19 (12)
2862-2869.

HAN X, MA J. WANG ZH S. et al.. Calculationof

(in

and

change of space intersection angle for mappingcamera
[J]. Opt. Precision Eng. »2011,19(12): 2862-2869.
(in Chinese)
ZE L FRAR SIC BEAL 3 B ARTE 15 8 iR
[J]. &% # % T42,2012,2006) :1243-1249.
WU X X, et al..
for large aperture SiC lightweight mirror[J]. Opt.
Precision Eng., 2012, 20 (6) . 1243-1249. (in
Chinese)
HARLGELF A, F TREEWME EALE
MECF S I R (T 5 4% T, 2012, 20
(12) :2667-2673.

Calibration of thermal distortion

EE® N

B UE1978—) BB 2 A
FFEAE . 2001 45 F AR AL A i oK 5 3R 4%
BN YN N PN 3k L e
P77 B F5Y . E-mail : xiechangxiong
@zju. edu. cn

[11]

[12]

[13]

[14]

[15]

XU J, JIANG SH P, YANG L H, et al.. Digital

photogrammetry for thermal deformation of
satellite structures in normal environment [ J].
Opt. Precision Eng. , 2012, 20 (12) . 2667-2673.
(in Chinese)

FANG H F,LOU M, HUANG ], et al.. Thermal
distortion analysis of a three-meter inflatable
reflect array antenna [ CJ. AIAA Paper 2003

1650, American Institute of
Astronautics. New York,2003.

ISHIMURA K, HIGUCHI K. Coupling between

Aeronautics and

structural deformation and attitude motion of large
planar space structures suspended by multi-tethers
[J]. Acta Astronautica 2007 ,60(8) :691-710.
e, REE, AR BFIE KL HET R
i 23 B ER BT 20 A7 [T ], F AL 5 4R . 2012, 33(3)
399-404.

XU X H,CHENG X T,LIANG X G. Analysis on
space thermal environment for circular sun -
synchronous orbit [ J1. Journal of Astronautic,
2012,33(3):399-404. (in Chinese)

KR, DREMERBEARIM] b7 FALE R
#£,1991.

MIN G R. Satellite Thermal Control Technology
[M . Publishing
House,1991. (in Chinese)

XU M, JIANG S Y. An improved thermal model
bearings [ J .
Journal of Machine Tools& Manufacture,2007,
47.53-62.

Beijing: China Astronautic

for machine tool International

SInEN:

BEHR 1968 —), B Wil M A, #
21 S0, 1990 4E 1992 4E 1996
AR T WL R 43 5 AR A5 4 b L
RS DARNE S N D) o )
R RE MUK | Bt 45 R 45 5 T A 52

E-mail: fjz@zju. edu. cn

(RRIEFE REWH AREEH)



