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Research on a kind of deployable scissor-hinge dome with
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Abstract: Deployable scissor-hinge systems is widely applied in various temporary buildings due to its
superior deplorability, light weight, convenient installation and disassembly. However, it also has the
defects of low structural bearing capacity and stiffness. A new type of deployable scissor-hinge dome is
propsed in this paper. Cables are applied to enhance the stiffness of the structures based on scissor units
after deploying. The structural configuration is also introduced. The geometric conditions of deploying and
its design parameters are derived. The kinematic analysis in the deploying process is completed. Through
changing the prestress of the cables and the deploying angle of the scissor units, the static behaviors of
scissor-hinge dome with cables and without cables are compared and analyzed by using ANSYS as a FEA
tool. It is shown that the stiffness of scissor-hinge dome is enhanced significantly after adding cables. It
also can be markedly concluded that the static behavior of the scissor-hinge dome with cables has changed
notably after changing the prestress of the cables or the deploying angle of the scissor units. The
appropriate value needs to be determined according to the engineering requirements in practice.
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Fig. 1 Basic types of scissor units
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Fig. 2 Cable-strengthened scissor-hinge dome
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Fig. 3 Plan view schematic of scissor-hinge truss

2.2 IRIBEHSW

E SCH R — M B AT 28 R 26 — A 37 AT 22 L LU
MBI AE T N oz S, Al BTN, R
FUBSLABBR AR M T 5N AR (2,0, 20)
i=1,2,m. TELH BT R IT A I AT 42 B 5% 45 s 40
G R HARIMZ 2= f () Ja %N 4R R a] i DLF
SRS E BT RTT R A B S
DRGEFF KR 20 i =12, m . BT RIS
AT B SR E 2 by (hy =2 — 20 B
i p)—H E TN A mEE b (b =2 —

Z,lnﬂ)-
B AR 2= f o) M5 3% 75 i 5 e 1 46
FEEY KBRS 2 il A5 B 5201 5 6 ) AL R Oy

Z=f(xl),i=1,2,m 2
FRAE bR %5 fE 2 5 KK T2 L AT A
Ti=Tiimsi=1:2s"m 3)
H1 (3D HE RN JLAnT #H B AT 1
an ¥ ay=ap *apsi=1,2,"m (4)

WA MRS B h ohy R (2) (3) AT 1545 — 57
ﬁiﬁ*ﬂq‘ﬁfﬁ ais %ﬂ ayy U\&"l"/l}%)’fi‘i,ﬁ Ném‘Fl ’ EE



22 = 19

% M % 31 %

(DAL ay +ar = ars +ar, AVA(2) ~ () W] R IFEE
AR IR R B O B NG, DLACT 5%
RN, o BYARER DS HE FTOR A5 55 — M T 22 N i A
FFE BE R TF B 1 A AL .

XTHT n AT AL A B0 89 S T, 55 5 M 5y AT
AT AR B — i B UM AR 4R~ Bl BERE 2D
n/n. W a=2n/n, W AT o7 55 — A 87 MR 0T B T
A5 9 R A R SR A5 T Al 45 A A5 T A [R] A A
) cosa 1
yl|= {sina

X
0 0 1

—sineg 077!

0

1
Zi

cosa 0 1=1,2,m

(5)
¢ AT AT A AT A ZE AT 2
!

J

e

el ko I

ki=ay/ais=as/as (6)

FEAT R 3 FE v, 2K Bl 45 A8 37 Y 0 T i A

] B BE R by (o) iU E R S F e @ A 35 0T
A b AR

hi(t) =ho [[bovi=1.2,m (D)

-
N N 5 = Bl I
a; (1) =arccos[ (h,—, (O)* +ah —ak ) /hi (D) % ay * 2]
®
BLNE RN BB AR

Dy =Dy = Zcosa,,(z‘) * (@ +au)
n=1

€D)

& 4

SN N B AR R 7 51

2 (O = Dysina, (O % Can +au)— D h, (0
n—1

n=1

10

i i+1
(D = Dsina, () * (an +au)— D h, ()

n=1 n—1

(11

Hi (9) (10) (11) X ¢ 5K — By 3 7T 45 47 Jig 2o 72 v
SUNT FUN, W o J5 A 2 O ) 0 S

FFE NG, o NYFIFE NG, N e SR

B(t)=arccos [ (ak+ai,—h; (D*)/as * a, * 2]
(12)

HY (12) X ¢ 3R 5 BV A] 5 4 i oo 72 v 2% 57 X e
WA KT 1) 20 o
2.3 HESWES

VeI LA A AR SRy o3 A SR R O S A AL b TR
SAME RERFEIE AR B L R 27 +27 =
6.5 m ZEMIBEE N 8 m KN 1,38 m, KIS N
0.17, 375 6 BT ML 3 [l 58 AR E IR R, 5
— BT =120, 4 m, PO E IS EE
25 ho=0. 6 m, BEHCAT SR Y — 41 1R 5% A s
2 hy =0, 4 m, UL AF K BE R RN AE AL 56 R R () =
0.06¢ m.

FIH MATLAB i il 4t i€ iz 2l 43 B B2 )% . 155
T B M AR AT PR 1 4 B L A5 31 45 2514 A8 A5 A0 AT F
Vi) SJe £ i Bt [0 1) 4% 4 G 2 20, I %o 59 X 5 T 4T e it
FEUEATRLA, AT AT B 0 AR AN A 4 TR,

OXREMEMFEILE

Fig. 4 Folding process of scissor-hinge cable dome
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Fig.5 Plan view schematic of the truss of scissor-hinge dome in example
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Table 1 Max displacement of different scissor-hinge domes

(Unit: mm)
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Table 2 Max normal stress of different scissor-hinge domes

(Unit: MPa)
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. 40 23.54 22.31 20. 94
Model50-057 J1 2 [
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eimNr sorvTIoN ANSYS
— R16.0 60 33. 40 30.79 29.83
o 70 38.34  35.90  34.68
TR 16. 15 11.75 14.92
’?E"‘ - F4 EMEMNFXNEMRKEL S (LA :MPa)
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Fig. 9 Displacement nephogram of scissor-hinge domes
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