2020 4F 10 A
%38 BE S

Journal of Northwestern Polytechnical University

Podb Tk K2 % Oct. 2020

Vol.38 No.5

https.//doi.org/10.1051/jnwpu/20203851122

NEEFKEFEEREIFLER
NhESTEERREN

K, kAR, KBS, TR, KA, FFE

C@%ﬂ&ﬁ%%%%ﬂﬂﬁ&ﬁ%%*b,m%ﬁw )
410073 ; 3.V TN R G TRAFSEET, dbat 100076

PREIEEE S PN PN e N i I N

410073;

H OE AR XEBEEFRAENBERKAEAML R R MR EGFHAZHFEEFTX, AR
VR AT 0GRV Lol BOHAE LS M AE K35 /) SBERY | AT HL A dih 80 AR BB 09 45 4058 JE An ik 4R W) B 4
P IF 25 A 3T AR A A RS AR AR B LR B TR AR 2T R A, R A,
B 55 SRAR ZIA) “ 1 B 6 LE A B A B B P 3 6L A 45 My A ) RS R LAl V TS AR A
JE A iR 6,0 5 5t AR A B AR AL S A AR R 6L 1 AR R JE 38 At A @ R AR A, T A 2 A R
JEFa J B TR T AR R P 635 14 M AR 4R T T0% A L.

x #
HESTES V441 MR EARD A

B I 2 e R B A S 0 ) A
B Pl IS K ) AL R R R L I R
& 1 )i R R A) E R OAe B 1y (AR AR B R
ol R B B THRST, BN e i ek
F—AREA vV AR B (5 9 i A A 58 L T o e
VE R HEHEZE | RBAE AT R TH 5 17 % HE W) 3 A 254
SR, HAA A TR FHANME,

] N AMIF SN B3 0 PR AT AR R e T RN 42
SRIECIF R T RN IRAINISE . Robert 25" iz FLAH
GE T R ZEH I R AR AE T ; Singaravelu %77 %
FHWT L7 22 OGNS I T A ARk R ) I 0
BRI KT AT R BT T2 R ] FE DT
£ ; Barrans 25 SR F AT BR J0 7 1 6 22 kA0 A9 411
FELOR AR RE ) AR R A ) R 2 452 ok g 08 o A 3R AT T
5T, ZE iMoo eE R 7 A i) 28 oy 1
FHE 4t o B2 W EE AT o0, sl &6 R
SRR 7 AT I S 8T TRk
T A EA TR AR RE ST, BT RIPE a3
B SR e SR TAE S5 52

Wi EH:2019-11-21

RV A 2 AT R B SRR IR ST AR
X E S :1000-2758(2020)05-1122-07

PEALAT 22 S BOK T RS2 SR Al o) 28T , PRI H Ai i
T BT X8 PP 2 56 JEE R RI E e BT LA B 457
et

BT T oty o I i 1) R B A v
R 12 D, A SCHE ST WP i 2 v AR 2
w1 A BROCAR L, 3 A7 1 1 15035 A ik g 1
BT WA 2 A R RE L R AR 5 A O
R AR B T AEAE Y I X R IR S R
FTSH0k 76 58 3 0 0 ok 249 R 3 3 A A iy
HERR AT AR T HZE S MBS

1 NiEawmREIRL S FEE

1.1 XRBHESH

WP A 2 i P B AR R AR SN By | T o
HE A B i A liche B R AR AR SR a1
AL SR AR B 4 b R R R, AE P T v
1 FumtE S TR R, T w5 E NS0, B
URHESI VT YA 28 BB S5/ Sy v BURE e &

HEWMB . FR A RBFE 4 (11272348) % B

EHE B S8R (1996—) , E PR K2EMHF 58 A4 | B CATRR 45 F1 2200 5T
BISEE  RME(1987—) , BB B KA L5 A | EENE E 450 S22 98 . e-mail : zhushiyao@ nudt.edu.cn



554

SR, A < WP G R A e B AR R R I 0 A e Wi S 45 DAL

< 1123 -

Be G WK A WP AL AR ) )T R T imAEAR
M2 I RIIF RS, Zid < FHR AR - 22 256 [
S AR S8 NI Y 5T S E N S T TS S AE T S
THTE 45, I A B Al e Sk [ |, i il ad

R
Wb

RaEE — 7
L FURE
ks

a) =HEME

WAk A

L )\
EZ:T?i |
TURAE

S\
b R

BT BRI T LR

e B

SCHR[ 7 ] P/ NS JE A 1T s HE [ #4) U1 40
L gy il A R AT L SR TS, BRAR
. mR,(cose/2 + usine/2)
F.= R.(sine/2 — pcose/2) ¢ (D
A R, Dy s HE AT b A 1) g rhoc B e R 2 ) R
B R, AT T b TSR g b 3 i HE b £ 1 iR
B e AL VB, MO E & S 1) R 2 g
ST HIE I RIE R, X T R v Al
PR AR T HA R R SR A 35 o 7K 52 Tl
BI7, MR AL K V BIHGE pl— A BIVAT 2 3] [ 5
LR uRHERSVE T, TR B ] DARSZ 10 55 ) (A5
IIAE AR ORI I, # i 1 A A T8 ), AT
T 20 1 i ) R 2 B
1.2 ARBETEH
T AE B S R, AR SR T
SRS AR AR ST A, o i IR A8 A A AT 1k h
WA, DLTIUEE 2226 1 B3 hE T dmhiE — MM s~ &%
BSOS E e SVt IE AR BT =X

FI AR Bl A A0 WS, e B AR ™ A U D, ]
1b) Fr7R o AR GE Y 2 1 A i 3 i U)o ik 1
B AR VR E B A, SR SN AR
SRR A RS2 TR T, A 1e) B,

g 7 WG LB
SRk R
R P
_L3iHE Do— i
—_— i '¢L:;122?///
— A -
c* a
e*
Tk
b
v 2y
@) HIXFRRB b EARE SN
i AP of
(,'] d2 b;:
{
—d, —] b
St )< o ) /fz*( a
W )
¥
R,
R g*
W% BB T LB

o) BMAEBE 25 d)  FHRHER T 24

P2 T A e il X R R A T R AIE 25

YEFH T WAL 25 0 25 AR i 3 B
1 MSC.Patran/Mare ?JL(#F%%—F, A4 43 ) ST
I R U HE AN NI M AR I AR 3 G
R = H A R I ST 1 SRHE T v HE A
AL Z B R L A%, AL S AE Y AR A S
AL 2A14T6) |, SR FHRUZR 1 5 9 P A AU HL A
R Horh s i 71 GPa JARA Ly 0.33 5%
KAEHF 10% , Jei R A a8 3 B 4333l R 375 MPa
#1450 MPa,

B3 W 2R A e B A FROCHE BY



© 1124 - Wodb T ok ok

¥ 438 &

1.3 HES5HREH

M AL o e R AIIR A B S AR i
B DT e Rty 17 52 29 5 5 () L Sty HE T0 g B3 2
- 8% LLAE , HR 5 Il L RS B A T 20 0 DI
it ek, Bty OWE Iy 76 A ok
AR R B At o o T 28 A B IS s A e Sk
fifif s 5 vt e B 1 (86 B Sk M A7 8, i I R
R s O R SR AT X S TR Sl A 2 AR
Jiti fin 64. 6°C Tt B Tk 2% Ay v] LA fif 40 77 190K g 3k #)
34 kN ; @%bk far . LA A Oy X 0 76 L i A 10355
W 8 KT CAT T ), I 46.72 MPa [0 73 4fi 2
F A SE P 520 kN bR

2 NItk ELE 3 B E AR BE S A

BEARLEH A T, B 8w
JI 7S R 1) B3 | AR T 73 BT N A R iR |
AT BE A ) 2 W R A T AT
2.1 EERIEHES

SCHER[ 7 ] 156 W3 7 32 Bt [ 280 A 5, B 7 o HE 1 42
TEHR o F B E B A8 I A] LUE RN BB 3
SMU S SRR RS, R A % 2 A 3% 42 )
FE K, AT LA Rl e F, 54 R AL v hE 2 7]
AL ES ALY ELIE G R

1 F, F,

¢ AR Ry D
Krpy €, J WAL 2 B 4 2 B s R,y v HE A
T AR B JLART s 21 s HE Bl 2 A R 25 5 b Sy i
HEFZ fish 1 (%) BHAFG #R B8, £ 5L Y BB N o] AR R
N, F, - N,S,
¢ = TN AN, (3)
e Ny~ N, I HEAE TR~ 0 At T B 4 A DG 1Y
WAL PRI LUA I . B £ 5 il 2 e B IE T DG
R, HPUE S U IO ER 2GS A R R
LT BB HE B 0T R Ty, BT 7 AR ) B FA BE )N
PRI 07 1 32 422 M1 R 25 5. 3 B R 42 7t
SR L A B 4 e A N7 7E R A8 R AU /N St
PEAHG RN 1T s [ i) S5 B 5 BL it |, ™ H 52 e 2L
A kB 322 4 (0] R ) 43 AT R B2, DR b AR Sk — 20
I FH T A B e ASE A5 %o s A 19 M 2 AR Pk AT 43T
WKl 4a) s, FEA DAL AT L BEEL 5 N FRIEA B 1Y
TR » 14 ~ A4 RRTIE AT 220 At R HE TIC G 07 B 5 S#
FREIE AR X 0 2 422 S 1 v ) o5 JC AL 5 g HE 5

AN

Ao TEALHFLITRIN 14~ a0 B Sl ) P77 08 1 e
] LSS | (v B T 36 A28 [ B T4 K, Ity 7= A [
AN AMAE R 15 T i R AL 4 A5 T A X AN
(ANl 4b) B ) AR EEITE 6.1~7.6x107"° m/N
TR (NZE 1 R 5 T S#07 8 il T3 [l 40 0R
Ui HE | b S HE A AL 48 K 2 0.6 mm , 2% 15 22 7 4
K145,

" .
7 5] [\ I 2
Ii - _ 122
/ \ g 1.02x10°"

81910

81910

40810 "

205x10°"
~18|
165X 10

a)  ABGERE A b) 4 BRI
Bl 4 iR BRI A B =

®1 BWEHTERATHRNEERETEZE

A R Rl

FHIE . . N VERRZR T/
. hEfs RN, HS B g
A (m-N")

mm mm mm
1# 0.312 -0.014 7 0.327 6.28x107"°
24 0.303 -0.018 3 0.321 6.18x107"°
34 0.291 -0.030 9 0.322 6.19x107"°
A 0.367 -0.027 6 0.394 7.58x107"°
S# 0.625 -0.052 8 0.678 1.30x107"

2.2 SEEFMEST

M 5a) BT 7s B L#REAE I N ) 25 AN HE &
I 0 7R A A o A LT S E R ] ) BR A B
A AV TGRS T 5 v HE S L
i HE L fif1 B3 A KT i M 251 itk 9 o 5 7 ) o KA
7E SR HE S A el s B = A IR(E A 3 808 MPa,
R G MR s EE A PR 450 MPa, Il 5b) 7]
P AT R IV ) AR S BRI A A0 LA, HLAE V
TERESMO TR o A, B KW 160 B AE 5 B hE 1)
FEMLAT B RN 591 MPa, 27 I, 05 FImHE 45 7y
N IR AR AR < 2 - 1 Rl B JR S ) T fig
M AR R A B, T BN 3 0 R R AT etk
Wit



SRR, S WP A R f R AR AR ) 2 0 S A ik

< 1125 -

7.55%10° 5.56x 107
2 2|
6.48% 107 487107}
2 Z‘
5.41X107 418X 10
> )
4.34x10° 3.48%10°

327%10° 2.79%10°

220%10° 2
2.10%10

113X 107 141x 102

5.59 7.15

b) Rl

a)  FHPE
5 g £ AT NI 2 ) =

3 MEEHERRRGLLT

AR 43388 3 Bl G R S SR S AU A VR R
T ARAAR IR A0 R OC T BT IR S 80 28U
AR IRIR 38 A At A T st AR S AU G N
PR B R
3.1 RIEBF % E M FRIEDR

F T T A NP e 2 A AR A B TR R
EA 1 LI DA w3k NI T LN 2 N NS T R
et R Z G E R Zeg 4k R
PRRERRAL Y R NI G e B T8 O AV B ) 4
A | 00 5 R 28 A A5 X BR R T )l X AR AT AL DL ]
2a) . HlXFFRBE AR ] Quad4 - i BA T UE AT B 1L
b AL 1167 4715 50 848 AN BT, AT LUK Kb
PERTTERCE AR LR IE A T IR, &3
V) A5 RO 0 B S = AR 258 P R R 5 ot o) R A 7
ZIRIHE R, Ay B A AL 2R 1) TR AIOR BR e
JN-67.6°C 22 2 far A1, 38 T5 BEAEALHT SIMEE [7] PN 53R
PR E 0.2 mm (i = AR )y o BT 25 SR AT 2 )
DIRSTALLAL S 100 S0 B AE (1) 455 e VR FHASCR o ln o) 2
PAZR oA S 2t i 7 b S HE L i 1, I3 1) AT
KATIT I, A AR R AN B A R AT X
(AR 2 fiam ) A XE & B, AR A TH B A b R
A i 1) (57 50— S0 A e, Bl 1 ) B R O B S
R X IR 22N 3% , Ut B T s 6 RS Y BB A5 4

F2 AERBERTEERIL
SRR At

ZH YA o 520,
L HRHEN RS/ mm 0.3031  0.3162 4.3
T A (3 £/ mm -0.0183 -0.0150 /
P& BB/ mm 0.3214  0.3312 3.0

EREZEE/(m - N 6.18x107"° 6.37x107"° 3.0

U ASADA A G el 2 ) S P B AR
32 HXREREEEESHL

DI N w1 T R TR 2 NG RETHE VY
TS W TR JRE R 2 B VR B8 S S B A g RS 2
FAEBIAIZ AR, P 2b) = 2d) FiR, $EH YBD,
YSDK Al YXDK A7 | b= sl Al Sy e 45 i < i)
ik, Horb YBD A4 o % e % 5 MRS YSDK £
ffia, 2f %F 6 MES%; YSDK WALHE a, £ f,
Lo g 25 T EIESE, R EIA 18 i S B
(A7 eIt . — 5 i, T AR B 2 (Rl A e
SERFRANELAT VIR e b T SmHE AT G A B 6
1 5 Z 80 5 —T5 T LA R B A 52 2
W RSF S B R 2, O e A F T
AR AR — S B U2 2 B IUEE R R 200
ASOK S AR R AL AR 2 theR T =7 |
PR R IR S EZ R AR R TIAS
BB .
e=fi th
1.7 < a; < ¢
a, > 2.09%tanf,
b, > 5.455 & b, > 5.455
209 <b-c¢ < b, +2.09
1.78 + g/c0s22.75° = ¢, > e,sin22.75°
d + (b - c)tanf, + a, — 2.0%anf, < a/2
d + (b -c)tanf, + a, = 2.09tanf, < a/2
a, + (b - c¢)tanf, +d + btanf, — 2.0%anf, > a/2
a, + (b — ¢)tanf, + d + btanf, — 2.09%anf, > a/2
a, + bytanf, + (1.78 + g/c0s22.75° —= ¢, )/

c0s22.75° < 25
a, +d + (b —-c—-2.09)tanf, +
1.78 + g/c0s22.75° = ¢, = b, +b — ¢ — 2.09
sin22.75°

< 25

(4)
He LA BB AR S B S A SR A Dy g A%
7, A PCL iRk 4 5 R 1y, 1 e s i s 0
s S HE T S A PR R A T A5 AL B AL 1
EEFBPE R A O AR B AR 1 2 e R S AR AT
Fey S 2 RSOl 18 W P ol Al o B AR Y
3.3 HESHRTRUER
AT BT ST 9 SRR S ALY H W 4 L
I S E AR AT PR A A TR U A o 56 T AT R 2
BB, Joh 18 Ak R S E0h ik



- 1126 - Wodb T ok ok

¥ 5 38 &

AR, TE RIS 2 WS R B R A5 4R, A
s/ NP R Ak R A Rk =k

find; Y =1{Yy, Yo, Yok |

min; Obj =C

Y.sY=sY,
s.t.ymax(o) < o” (5)
M<M
Ay M ORI AESS F 1) S B s M SR A A
UHELE M PRI L T 2 A Y, Y AR AR
AR LURER, W{Eﬁﬁﬂjﬁ?ﬂﬁhﬁzﬁﬁ‘ﬁ( e 3 pr
R) _EEFATTIE 30% ;0 A NS FISGHE I Mises
T o ARG AR R R R
mE 6 s, 8t 57 & i S EUL R

1 Tsight BF2# 338 5 Matlab #1145 PR o€ 2 504k 2
P55 B {E 5K A K 1F MSC. Patran/Mare B 5 14 1,
Isight fE R #K IS B £ 6 kAR 02
R4 Matlab JI TS8R I8 10 Matlab $2
WOt 45 8, 1 T8 — % A3t 555 Maltab #1248
Isight 24t UL AL AL & HUE A= i MSC. Patran %ﬁﬂﬁ
AT T 14 A S, TN MSC. Mare 544
PR E AR PR . T 18 AMfk AR Eﬁ%ﬁ%
HAIA 12 BB AR KR, FITE sight fifbsr
Bragff b e 4% 2 B 845 50k (MIGA) , T fE 24
TR (R AH B8k 28 I 52 B A SUT BT, A Rk G B A JR)
PRI, A AR G 35t A6 53 10 AR R 1Y 4 Jmy oK ik BE
FIFHERCRE,

LR
il
B AIFHTIF ‘—ga@
x

ses U Ll pel 3

Eia]]
H

Patran

WA
BH

Marc '—

Ko ImZSHAL LS AR L A

B =

34 MUERSH

PEIRIEAR 1 000 WK, WP Al 2% 8 10 3% 12 52
JE R S e SOk e b b T s HE R A T A
094 0.096 mm F1-0.004 mm , B EEETE N

1.91x107" m/N, MXF W Ui #2532 6.37x107"° m/N
FEAIK 70.1% , 38 3 A SC A AR Ak F 50 {3 4 52 1 el st
WIS, P T AR S e RNy 25 A 4 1 o0 A
= B AL A B R R 145 5 A B 450 MPa, {7 F
5 - e R v 5 b o E S N7 7 298 MPa /)N
T RA R 375 MPa, HEUZE S S HE 422 ol A3 5
T RHER KN 1 348 MPa /N T IR B% FR 375 MPa,
WEE LS um e i B BeAh, AR S RS
itk 25.59 kg, WE/NT IR 25.69 ke, AL HIZS
A 58 Rt 1A J 2 T 2R A

- 2
6.16x10”" 45110

501107 3.92%10°

36610 oo 333%10°

272x10°" 2.74%10°

N

a)  HEAlERIEE

: )
1.67x10”" 2.16x10‘|

-2 5
4.24X10 1.57x1077

-723%107 9.79%10'

-187x10”" 3.91%10'

b) AL ) 43 A
2.98%10° 343X 102|
260x107 L

5
2.99x10°
2.54x 107

s
221%10]
A |
183X 107 210X 10
144107 L6sx10°

|
]

6.74%10'

2
121x10°
7.()4x10'|

2.90%10' 320%10"

o) LIRHER ) ZIE

BT AR A R A o

d) FHHER: J) 2=

VPPN

AL S R T RXT e an ] 8 13k 3 fis, H
AT R T S8 o 38K 15% B, Dd A 6077 4 1) R
SPRAACHA B ;b 38K 15.6% 110 ¢ Wi/ 14.4% , Ui B £
i SEHERC A V ﬁ%ﬁﬁﬁﬁbn‘i‘“ e /N 23.5% , Ui
W Auai V IEFETE O A R AR/ SeHERR I S5 f,
A1 £, 435/ 30.4% 11116.6% J@EEDHTWE 54

14

a)  fRALREr b)  fhikiE
Bl 8 DLALTIE PRI A 2 i v L 5



5 FRIK A5 R R S T e B AR 2= i S A5 AL - 1127 -
£33 RUATEHEEFESHENL FIAA B 3807 5 S HE e B R FBE X 4 - R A
R kR WG s A% BRI SO
1 a/mm 30.0 34.63 15.4
2 a,;/mm 5.2 5.22 0.4 .
3 a,/mm 5.2 474 -8.8 4 & it
4 b/mm 19.0 21.96 15.6
5 b,/mm 15.5 16.58 7.0 AR S LA AR AZ il 28 i WP Al R A S e
6 b,/mm 8.47 9.64 13.8 BTG o3 B AR AR it A v %) 45 4 5 B2 AN
7 ¢/mm 13.0 1113 144 T2 NI EE AR 0T i R s A 435 44 A R R AT A AL
S :ﬁz g; éi jg Bit. ERAEME:
10 mm 64 718 122 1) Fr g ST i WP 2 8 il 0 B 4 45 F A
1 d,/mm 2.5 25.05 74 RURRAS BT S W HE W BRI, HAHE B/ 1k
12 d,/mm 26.64 26.24 -15 AT a5 B AL T
13 e/(°) 30.0 22.95 -23.5 2) WAy FmAE Z R VRS R A B
14 e/ mm 6.0 3.5 —7.2 T M R ) AT, A 7 ) KA A A TR
S g |
7 A 15.0 1251 166 3) TR R 25 R B AT B A RS R AR
18 o/mm 10.0 8.84 L6 PO WP AL e B SR E R 28 1.91%10710 m/N,
FEXT B AR 70% DL 1, H OB W AR F 22 M 4 4 i 42
E

VIS LG B A BE A TN b, FL b, R
VLT R o 542 v BRI C & 3 A7 i RO 75 283k
MR AR A K EH B K ey, e, Fl g W/
P i VD Aok Y0 B3 J PR % i 2 W B8 DR AL/

4) S e Rl e ROE IV VR
JERUINR AL 5 S e e 5 e 45 PR BE BB R T
PEAHT SR W BE T S HE J52 2 <% e 42 I B2 i vk

A S e AR R v gy D ITESRE

SE

(1]

(2]

(3]

[4]

(5]

[6]

(7]

(8]

(9]

ROBERT D T, MIEHAEL E. Nonlinear Finite Element Evaluation of Marman Clamp Structural Capability[ R]. ATAA-1994-
1346-CP

SINGARAVELU J, SUNDATRSAN S, NAGESWARA R B. Application of Fracture Mechanics to Specify the Proof Load Factor
for Clamp Band Systems of Launch Vehicles[ J]. Journal of Materials Engineering and Performance, 2012, 22(4) : 926-935
SINGARAVELU J, JEYAKUMAR D, NAGESWARA R B. Reliability and Safety Assessments of the Satellite Separation Process
of a Typical Launch Vehicle[ J]. Journal of Defense Modeling and Simulation, 2011, 9(4) ; 369-382

BARRANS S M, MULLER M. Finite Element Prediction of the Ultimate Axial Load Capacity of V-Section Band Clamps[ C] //
Journal of Physics: Conference Series, 2009 1-9

BARRANS S M, WATERWORTH A, SAHBOUN S. Analysis of the Torsional Load Capacity of V-Section Band Clamps[J].
Advanced Materials Research, 2014, 1016(1) ; 59-64

BARRANS S M, KHODABAKHSHI G, XU Q. Contact Pressure Distribution in Joints Formed by V-Band Clamps[ J]. Advanced
Materials Research, 2014,1016(1) : 34-38

ZERIE AR TR AP A SR BT R AR I M EEOFTE [ )] T, 2009, 30(5) : 80-85

QIN Zhaoye, CHU Fulei, YAN Shaoze. Axial Stiffness Analysis of Clamp Band System[ J]. Journal of Astronautics, 2009, 30
(5): 80-85 (in Chinese)

QIN Z Y, YAN S Z, CHU F L. Analytical Modeling of Clamp Band Joint under External Bending Moment[ J]. Aerospace Sci-
ence and Technology, 2013, 25(1) . 45-55

QIN Z Y, YAN S Z, CHU F L. Finite Element Analysis of the Clamp Band Joint[ J]. Applied Mathematical Modelling, 2012,



- 1128 - fiodb T ok R ¥ ¥ R %38 &

36(1) . 463-477

[10] QINZY, CUID L, YAN S Z, et al. Application of 2D Finite Element Model for Nonlinear Dynamic Analysis of Clamp Band
Joint[ J]. Journal of Vibration and Control, 2017, 33(9) : 1480-1494

[11] 2, X H 75 5545, 45, BE T 2R py i sUR 87 e e s AL Bt [ 1], WBRHOR 54k, 2013, 35(5) -
6-12
WU Xingfeng, LIU Guanri, LEI Yongjun, et al. Optimization Design of Clamp Band System Based on Parametric Modeling[ J ].
Journal of National University of Defense Technology, 2013, 35(5) : 6-12 (in Chinese)

[12] FL=, 5w & ER 58— knp /ME g ARG R A EReE [ P]. THE,Z1201910113314.5
YU Bin, ZHANG Qiaofei, TANG Ke, et al. A Low-Impact, Small-Envelope and Full-Loop Payload Separation Device[ P]. Chi-
na, Z1.201910113314.5 (in Chinese)

Nonlinear Static Analysis and Structural Optimization of Rigid
Clamp Band Connection Device between Launch Vehicle and Satellite

GUO Xin', ZHU Shiyao®, LIU Guanri’, YU Bin’, ZHANG Qiaofei’, LEi Yongjun®

1.Technical Service Center for Vocational Education, National University of Defense Technology, Changsha 410073, China;

’

2.College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China;
3.Beijing Institute of Astronautical Systems Engineering, Beijing 100076, China

Abstract: The Rigid Clamp Band Connection Device (RCBCD) is a novel satellite-rocket connection method adap-
ted to the heavy lift trend of the launch vehicle. The static analysis model for the Rigid Clamp Band (RCB) and the
Docking Ring (DR) under preloading state is established, and the structural strength and connection stiffness char-
acteristics under the axial loading are analyzed, and the axisymmetric equivalent and parametric modeling tech-
niques are combined to optimize the section shape parameter, which improves the overall connection performance.
The results show that the structural stress concentrated on the " line-to-face" contact position between RCB and DR.
Increasing the axial dimension of RCB, reducing the V-type angle and deepening the occlusion depth of RCB and
DR can effectively improve the connection rigidity of RCB. By optimizing the section shape, the connection perform-

ance of RCBCD can be improved by above 70% under the structural strength and mass constraints.

Keywords: rigid clamp band; satellite-rocket joint device; carrying capacity; strength analysis; structural optimi-

zation
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