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Folding Structure System and Type
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Abstract: Based on generalized taxonomy theory and aimed at folding structure system, authors
proposed a theory about classification system that could be fit for the characteristic of the folding
structure system. At the same time, the constitutions of bar folding structure, bar-cable folding
structure and flat folding structure were analyzed. On the basis of the constitution and structural
topology analysis of the folding structure system, authors put forward a theory about the

geometric stability criterions of the bar folding structure, bar-cable folding structure and flat

folding structure. The results show that the geometric stability criterions can resolve the

limitation of experience design and ensure safety and rationality of folding structure design.

Key words: folding structure; structure system; structure classification; structure topology

0 51 &

B 458 (Folding Structure) HA Wi FhFa 2 Ik
BB RS 2 RIFRE . rEnr rSg
Fa — P SRR PR BR AL/ A T it A I i 5 I
T4 m ] LURIT 2 TR . fERIT ) i
W I B S A D TR R R s TESE R R IPIRES

5 B H#5 :2004-12-27
ELWB PV A RBEFEREAF 7T R0 H (2004E,04)

P& o L A AR R, T LURZ i 8. I 4h
P AE T % 4T 48 B B O T 45 # (Deployable
Structure) , H: 32 B ) 2544 14 n] R TR i I8
PR ) s HOR ST (8 A LK 4 - el Jig ok s
KR KA AR L2 (0] fif R 4

ANz & m) TV A AR L, 2
TERAKI ] P E o © & W] T WA, SCEE I

TEERIA 2 T (1958-) . 8, St ey A, Z#% . E-mail : yanwh@ chd. edu. cn,



%43

BT, F. 0 EEMKARER 71

TR 3R 25 A1 8 6 T B 45 0 A A JF AR A Y
( i B 20 545 ) (Codex Madrid) — 5 A A I Hb [ 34 T
SETE AT SR I YT B TAELES . s H R A
T L E A AR ) AT TS R TR SR, i S
TR

Wit o A B 45 F R 2R O HE T {5 R0 L AT BT AN
W K TS5 AT 2R U] 44 3 55 07 T v B0 e T AR
22 A BT ARSI 0 8 B & 454
JH 2850 28 x5 A [a] 47 8 25 0 T8 2 AT X 43 A ) 2L
i e R B A G, A T RIET S 85T
M4 BRPE RN I 2 b B T LA o 2k
IR iz AR A0 I 2% 00 A T B0 Ay 28 45 4
1T T S5 AR 3R 53 28 T C 40 M 58 X B A 3 & 45
R R T —EH 5 7.

1 EEMERREWRIDT

SRR H AR T XAy 3 S S TR
B 2 AR DX T A 5 4 1 A T, 2 1 T 0 D B L B O
A AN T S S A PUR BT A . R4
J7 Gy e 2 I A P B e S B AR BT AN A T
WRAR a5 & HA Al GE i 1  S2 et VA2 PE L B
PED AR 5 A 0 4D 5 2R B [A) W] B A S A5 4 7 AT
RIT S VR R B MR S 451
1.1 HERFEEN
FF 2R 7 5 45 A6 2 R WP A 4 B — 8 1) ) i i 28
2 T B A e A A BV R R B R BE T
PAJE B Y A A DU R 1Y
X T R AT S A A 0 0 2B i) LS T Max-
well #fiJu=
b=3j—k (D
0 AT FRL T DB o A A T B
I ET OINESE W @
R4 Maxwell #EN], 7] DAHE S 3 Fh 45 4 JL AT
e e P BALE
1.1.1 k%
BRI RIr & AWK R BT Z A
CRILRD B BEHE W2 FIVBE T 1 249 STt 4 8 1 5 )
T,=30—(3k, T2k, Tk;) (2)
T,=m+FE (3
AT AHFRITESEWERNITEARE; T,
R Z AR H I EE sky ko ks 5300 R S5 4
AR B HE R W R RN AT B T B S5 M IR R Y
DU B H B R 250 2 R 8

1.1.2 ftex
fa A kS R 25 M IR R B A i 2 2 BT 2 )
T A S | S AT AT A R AT 0
T, = 2j — ks 4
1.1.3 ®’A&*%
TR A2 08 R A A AT f AR D 5 B oe , el
TR A Rk UM PR I R T Al i L RE R TS
SAE TS5 0 Y B B {8 75 65 48 08 3 1 43 B 75 3
faifk
T,=3b+25—(3k, +2kyt+ k) ()]
Ty T 03 50 0740 8 B AR R P S R Y
PREL . RBREERAT N REYE . UL, WTARYE T, T, XF
SERHEAT IR 2R I3 KRR A ST
Ty =>0 W0 T, >0, FF RIS 451 1A & 2 L
ARSI & =0 By # 8 25 M IR R L B >0 B Syl
eSS IR R
BTy =0 B0 T, =k FF RIT B 45K R AR
k=0 g G IR Rk >0 I R E 25 H
KA.
MOT <O B B >0k BB EZ RN,
Maxwell ¥ 247 & 25 1) JLMT R @ PR 02 4%
F AR T 97 & 4504 1 JL Al o 1 9 78 43 Sk 1R 20 TG
HOE 53T X 25 T B A5 F 0 LA B T 4 Al ok
TR R RME IR R T AR R AT S A
HOUT RS 1 58 50 5 1 JL-F- 2 i AG HG , BR  , k
TAHRIGEAE I & 25 5, X T 45
Fa 03 B Al AR 45 45 14 1) DI JEE R B4 A 4] B
XFAREMF RIS, KL R8T
CET SR A L RS R R I RS
FCW B A B R AT 2R 0, B
det K=0 (6)
A1 det K=>0, WA 5 47 & 45 14 o JL A £ 4K
Fir det K<<O, AT R 47 8 25 44 2 JLAT A B2 € 1K
s det K=0, WAT 2 47 S 4540 ) 45 40 R R 1 i ¢
2 (6) B Ay 31 28 25 4 JUAn] £ 5 ) il 1) 2 — 4 I
W S 2 5 R R P 7y AR
1.2 RFREMEBLEH
S5H R R PEFF R R R T BT R T &
ZER I R AL BRI R . B T RLR AT
{45 W6 250 25 SR A5 A IR R (A & LT SNE S0 g 3
i HPER R RE R AN R B A
— ZRH A, 3 ) R B S A AR Y A A 2w
rh LB P RS R T B A O BT B R B (I



72 AHAFE TRFR

2006 4

ARG TN

RIFRTTEEWIER N THZEROAAE.
DRI 22 9 A8 A R 7 JR O i 7 v i B L T 52
I 14 TG AU F7 B DAy i RE ML AR B TE 55 /N HILA 5 7E
—E W BN RIS AL e Lk . R R 2 Hr
5 BRI BT JE S AT ST s LA JE T &
TR 52 01 70 W 2% % AR I DRI vl >R R K 2 A
X S AT LA RS E RS T

B TR M S 0 AT R AT & A AL Ty ik
55 fE

Ae=p D)

A NP1 5 R 1 3 RO B S SRR 8 1 4 0 B
S X, fE KT W50 R 0+ 6 4E PN 1 RED 0] &
p oA 3j R HETT AT 2RI [

FH A B is B OC R ] 19
n =3j (8
n,=b+6 9)

A B, JE T /N RS I s, AT S A B A5 R R
RIS IAY S
Bu=A 10)
b B Sy U O AR 0 2R BROH [, SURR O PR 0 AR I
i ony X, AERK T W su kg 37 4k (T S B B )
A N B LR RN 0 +6 AT 51 1] &
12 JH R S I B, R DA S S - 6 6 0 P AR
KNPSRS
A=B" 1D
FEIE A K1 B 43 591 g 5 48 B 1 R B0 AT AR B X
JE 2 B AT AR FD OC R A pR B, B 5 T 454 Ll
KRB TR R R T 454 0y JLn Fe e R .

H A 23 A P A

rank(A) =rank(A") =rank(B)=r (12)
m=n, —r (13)
S=N, 71 (14)

Kb s BITERLAEIRRN A DLIPREEL.

TE/NL RS BB BRI 2 N - 37 B 45 A R R 2 B Ak
FRAE /N T B 1 T 2 SRR 2R BB 68 7R 400 46 25
IR A ZR D LA R RE 1Y s W0 SRAR R AE IR
BB WA R LA TR E /. AR
TR 2R B JLART RS RE P2 v R R (9 40 b L LA AN 2 R 2%
PFEE Y .

HYPr B LR R B A B IREE s=0 1, 4R
RATEANEAT BN BB ST AR R B
0. BUA R AL B F BN 1 IR RN A
CH RT3 2850 45 - 15 15 M — X 0. PR G 47 38 45 4 1A

A AFEMRR .

MR ZR I B R ARAE =0 B WS- AR 1 A7
TELAEA IG5 A R AE ST 380N O I L AR SR T BEAY
TEAE O N 1250 BLIHAZR 189 N 0 25 91 A8 5 1 i iy
BOME— XS R, BEE B AFAE TGS 2 s N D &5 5k
VA A S — X I PR AT B SRR R O AN

MR RS L m =0 B, 07 45 50 4 4 17
6 T R I TR I A 5 35 R R I G IS BT A L5 P 3
FEMERB TGS . AR A R AE S 0, )
NSNS R V)

Bu =0 (15)
P AR SN ER AT U BB T AR T L I 4 fs
R RN R R LR E B E R R .

YA ZR LA B 2SR >0 I U S A R A
TELNEA S RIAT » DRI A7 AR R PR AR SS9 51 TR it
PR RAESNEAT RSN AR T S T U= A HLA
fiks.

L3 WmXEBLEN

BT B SR B S AT R T R L BT
AT B 45 M s 3T B AR T T B A e T A T
SR — PR BT B AR R AR A AT T
SRR BEN R R BN S &R IR R
A SR AR RN 85 AR A5 R 2 T

A SRR R S A AR L il TR AT
e WARAE O 25 H 1) [ 3 45 4 TR b 3 2 45 4 1
A EA B ORI BB B RS L O R AR KR
P 37 0 5% i T — 1A 25 0 22 10 s 2 — P ARA A JE i
ST B A AR R

Xt M AT B 2 B S5 H A o AT s AT B AR
TE &I 5 AR 32 S i 24 F A AR X3 B 454, nl 4%
NS5 R B R a5 23 0 R AT 2R 3T B 45 4 R AT
F Y B 4 I S A 3 M 5 5 2R AT S L A e
PERY BT

ST BRI 5 45 R AR — DB A 4
e g i) R 5K C6) BORE [ 23 M 9 07 36 X Al X
T4 AT AE K H 0 20 M 5 [ IS w42 S5 4 ) FE AR
AT OB AR T 2 45 4 T I O R 45 4 11
B 457 T T B A R BEAT 02K

2 BEWEE

2.1 REKXWETXIS
I BAIIE L IR 5 NI IEAS S5 R A 8
RIT M AT B A A — AT A 45y 5K



%43

BT, F. 0 EEMKARER 73

Bty By A B T B A R A i &
O
2.2 EREREAXLS

Pr B 44 A N 58 23 B R 5 5 42 TR
AL S T AT R TT A4 AL S I B TR 32 Ak
a7 28I 45 140 MR 0 4 F R A e 19 T 3L I B 45
AU B BT B A A F BB B A A
AN B A5
2.3 #wRFAATKXXS

TE 55 F T 9 1 7 s AR AS ) 19 e T 5 5 3
BLMA N LTS B L GRS TR 35X
Pradir a LR S I B 45 0 LB T K 30 A & 4
ey L AR B Sl 47 7 2 A | S K Bl S B A A
2.4 ZLETRAMEXIS

I B 25 F) BT G B0 B RER AR 22 94 3% W 1) B
B R 54 T 1) S o DA BT P R B AN TR A B 6
A WP BE RS ST BT ORI B A R
Pr B a5 1 IR e S 454 .

3 MBHEHTRER

PrB s A R P TR 19 S T 2277 51 (5
MEER T AL T3 HL B R 43, AT LLAE 47 B 4540 5 5
il 5 AR O PR IE . H AT A 3T B A5 R A

SRTRAT A N R MR BR T R R R
M I AR R A
4 45 i

(Diz [T oy 327 Fg T S 25 IR R k1T
PR B B 450 L R IR AN 22 S o
FFRTTBEM R RIS AR I &L .

(2) He T 451 73 JMTEIRCER » i3 I ZE A 4 b 5
AR 4R R — 2 S B Y B R [ B A5 A X
L5 JLAMT AR E P 0 53 5 3

OB E—FRAR . BITER®E. TR
IR i e S D el I DN 40 = R
RE S D0 sl FEHE ™ foi FH X T 5 g o R BT 58 KAk K
HIRE ) A A RO W SR I A

S & Lk

References:

C1] BRSO BRm BE . 5. I /\TE 45050 25 1]
ERTFELT ] FHeEAR - 1997,20(2) - 18-24.
CHEN Wu-jun, GUAN Fu-ling, CHEN Xiang-yang,
et al. Study on Space Mast of Octahedral Module[ J].
Journal of Astronautics,1997,20(2) :18-24.

L2 SKIBUN,RE X, ok aifir. KB 2 H) Al s R R 2k e
A4 BT[], 25 458 ,2001,7(2) :44-48.
ZHANG Shu-jie, GUAN Fu-ling, ZHANG Jing-jie.
Form Analysis of Large Space Deployable Mesh An-
tennal J . Spatial Structures,2001,7(2) :44-48.

[ 3] CHILTON J. Space Grid Structures [ M ]. London:
Elsevier Science Ltd,2003.

[ 4] KUZNETSOV E N. Underconstrained Structural Sys-
tems[J]. Int ] Solids &. Structures,1988,24(2):153-
163.

[ 5] PELLEGRINO S. Matrix Analysis of Statically and
Kinetically Indeterminate Frameworks[ ] ]. Int J Solids
&. Structures,1998,34(4) :409-418.

L61 Aeih. BFEAHT LML R « Mg R U Tl K% Hi bR
#£,1995.
YANG Ke-shao. Matrix Analysis[ M ]. Harbin: Har-
bin Institute of Technology Press,1995.

[7] #E%.E B IaE, 5. K ERERLT] = H
2% ,2002,8(3) : 3-13.
QIAN Ruo-jun,DONG Ming., YANG Lian-ping,et al.
Tensegrity System[]]. Spatial Structures,2002,8(3) ;
3-13.



