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Fast Construction Method for Initial Tension State in Nonlinear Finite Element
Analysis of Cable Net Structure
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Abstract: Prestressed cable net structure is a kind of structural system with flexible cable as the main load-bearing
component or auxiliary load-bearing component. It can be used in space structures such as deployable antenna. In order
to apply tension prestress accurately and efficiently in the finite element numerical analysis, problems such as the
geometric nonlinearity of cable net, the singularity of stiffness matrix, the coupling deformation between cable net and
supporting structure should be comprehensively considered. With the characteristics of cable net deployable antenna,
the initial displacement stiffness matrix is ignored in the nonlinear finite element calculation, by which the considered
problems are linearized. The calculation process of using the temperature drop method to obtain the temperature drop
value under prestress is introduced in detail. The temperature drop method does not need iteration, and the drop value
obtained is accurate enough for the nonlinear calculation of cable network. It can make full use of the general finite
element calculation program to further carry out the mechanical calculation of modal and response, and is convenient for
practical application in engineering.

Key words: prestressed cable net; deployable antenna; geometric nonlinearity; temperature drop method;

numerical simulation

Bl = PO R ie g NI N NN B A
22 W) 25 i 2 B 7 45 K 1K 2 1Y — AN T A B A TR TR s AT R R LR . T

%8 H#3:2020-03-17; & E H #1:2020-05-07
EEBAN £ W (1995—), 5 L5 A, EEBFGE 5 1 0 VLM 8 T2 S5 8.
BISIEE  FEEZD(1962—) , 5 01, 042, I )7 0 WSS B 12 23 ) QAT 28 454 S5 0L .



AR (R 3E30)

90 AEROSPACE SHANGHAI (CHINESE &. ENGLISH)

o5 38 4% 2021 4E4 5 1

5K F7 I8 2R I 45 Ky B TR 14y 0 B A% 1 A v L il T AR
EVEMEESH

e 25 ¥ 7 faf TAE B B, JCi8 Hof 4T R i8S
TIAT N B A B A e A Al R A SR T R A
KK JEFTTERE T KA, 250 4 R i i 56
MELLUTF R, B LLFE ST B B, A PR G EE 43 A B
T ERIEH

A PR G 43 B Ak T B 0 vk A S R
B REIRE WG N AR T T T A AR
R LR SRR A 1 IR AN E T, 0 AR vk S R IR
AR AR [ #8382 AR R A BT R K R
Jta I sk F1 o AR A AT kAR 6 E D AR (B
R ) 9 7 1k AT A ol ik AR IR vE M B Bk . 1%
FRAE TE 3 S B — A0 1 A8 (B B I ) 1158 R 0
F T 5K g, MR B 4 5 BT A B 25 08 OE ) I AR
(SRR REHERITE . AEHMRK
S R BB B X R — R R O
BEREERITE, S FHMREM. HEEEAT
B RORE . KA R YANG VR T
JE SV ARSI TE B i K R TR R A O B R
Uity [ 52 B 3 B ST 190k T B0 T B0 B (R, S P 4G
52 % 15 O 1 PR AR T BT b B4 A 34 7 58 A B
T Py A B B IR 2 TR P RS A
SR, TR 2% i Al £k vk S5 R RS B DR R .
PRI, 5 — b R A A AT B O B0 Dy 2% 4 BT i
T A T R R R 28 ) A R L ) Y T
Fike

BEXE 1A ) B, A SC 25 G 2 R W LA 2k
PE R B AT S HE B4 AR T | 5K il ok
TR ROR SR 2 $2 T — BT 0 5 2R 0
AR (Bl B ) 1 o 1% IR DL G R ) 2R N 4
T4 A BR G ASE 7R o BE Atk L 326 b 190 % ) R R )
N 77 W BE AR B, il 45 RE 95 £5 B R R MSC/
NASTRAN B #3+5 th Fe i &, 7 B 80R M 1
sk F1 o WOy LEA TS IR E Bk AR
B, VT O A A AT, WA 0 L BE ORUETH RS B
AR T RCR . XY AT AR R KK N
M5 2% 2 )2 HAT T 20 0 R W S5 4, WA i A
BRI, L ATk — A I R Al £ 1 AT A 5 R ) I A
5.

1 ®FEUHE D B EAE B &ME L
TR %

11 JLAAT3E £ 14 i) = A 28 7T 1) £k Y B 4E B

H1 HE 2 S BERT R AR A 0 R AR T R BT
WL T o R A 0’ E AR I T AR T AR ARCT R
FOLE AR o' FAER T, H

| sevrada—og T FO=0 (1)
o

MR 34 22 A BT g 2 19 JLAR 7 #E, kg 28 SCAT LA
FHHE L% R -
0T =(B, + By)dg" (2)
KB 52 IO R W Z AL 2 FE s By 5 L
% g A R AR 2 M N S R
X ORAR D) o R AL 0g' BT TS
P, AT LS B BT - 15 7
vo=] (BitB G- FI=0 (3)

A QR B

TE AR itk F AR BIR A, 17 7 - 7% S B MK TH AT LA
WSO E RO

o' =D¢e" + 6 (4)

D R SR R 5 6 D B OT R IV ) 1)
Tt se' ) FRLIT Y AR )

B UOMAKX ), T F7

wo = [ (B.+ By (De+

o;)d2 — F'"=0 (5)
B g Hi B By F ) €3 5 ¢ A Ok, BT LA P
S ¢ AR R AL, R (5) R R T ¢ AR My
P2l . AR Lo PE r AR A — R T AR SR i )
HAT 70U S50 A A - 17 K b (Newton-Raph-
son, N-R)F¥E . N-RFE LG LA R P LT H
A g IR
V¥ =] [(B.+B'D(B B

(VBY)(De"“' + ay) 1d02 (6)
WL M T XREVe=B, + By, XS
VN ER T 478
K= BIDB, dQ

Qull

KO = j (B! DB\ + BYDB, + BiDB\)dn
n(r'ﬁ



2 38 % 2021 44 5 1 TR A RS ARG A BRIT 4 BT T Ak O R A B b R i T ik 91
J e(f')+o.(0k))d0: ﬁl:':l.
1 1. —I.
e) VBy = m9|: 3 {i (14)
f (VBL)s'"d0 7) [Pl—1, 1,

W2, A5 Ky 2 om 30(6) o B9 B BE pR %L
VR
K\ =vVWY =K+ K¢+ K. (8)
TEA BROCo Hr b R K I SCU 2 K
W, M KK K G ) S 2k W BE R R ) s B
I JSE SR 1 A 40) 107 77 P B2 R

1.2 Bk H R BT R 71 R 46
KE LR oG H AR AR (21, yi7, 217)
(2%, po, 2 VAT AL . I IS BT RS

53 2 (ul, wi ) (s, oy, wi Yo TR 2 )
Green Jif 48 ﬂinﬂ
EL :[ 1"2 +u(‘;)71.(]k)7 Lt(f>)2+
(y<2?) + ,U(Ze)i y(le) _ ,U(le))Z +
) 1
(¥ + wy) — 2 — wl )]/2[“”—5(9)

S F LB oy R AE 4y I 45 5]
O’ =[(xy) — 21") 0 (uy’ — ul)+
(ys! — i) o (v — o))+
(25— 21)0(wy’ —wi”) ] /12 +
[Cus” — uy) o (uy) — uy))+
(v — o) (v — v+
(wy — wi) o (wh — wi!) ]/
XFH K (10) 55K (2) v, &R BT i 2t Ak
2 07 AR R Ry

(10)

1,(lr)_1.§2k)
)
y(le)iy;r
1 z(le)_ z(ze)
BL: (e)2 (e) (e) (11)
[ .1‘2 —.l‘l
yé«)_y(l(’)
_2(2”7 Z(lk)
Mo @]"
uy U
U(ly)i ‘U(';)
1wl — .
By [ (e) ()
U- Uy
vy — vl
| ws” — wy”

X (12) 1 By oK 2B 43, 34 REAS 3]
0By=1[0u, 0v, Oow, Ou, 0Ov, Ow,]VBxy(13)

o 1,0 3¢ 3 B

B RYICH WK S N, R AE R (7) (20 (8)
PL =0 (11) 2 (12) Fn = (14) 8wl 31550 1 sk ) &
BATT I 1 T I R R

N(r) ’ T
M”“{L ﬂ (15)
—I, I,

1.3 BEREITHE

X E e 2R AR M R 2 R R S5,
NIRRT A R B E X h A
FROCAE AL, DA R A0 v 0 8 Hh 2R &R RO, AR 48 21
Rk BRI (15) BT ST 4]
TLJJVJUF%E%K B R R A B e T 2o B A

e UREAS R W AW I T R R K -

HE W0 10 7 MR K, 30 3 2% T 25 4 A BR O
RO o 3£ S I (Y : R s e S R
Ak B T I T W R R R 3R A PR R M 4
RSN N Y S R i TS I e S | A A
% 0O I I, A Stk Jr sk E AT AR . SR HE
A B OCHE P H a8k, aT DL R 3k ™ A R Wi 46 )
FRHERMBE T . BREERPITWIT SR 1~n.,
Wﬁfi?%ﬁjiﬁ@ﬁﬂﬁﬁﬂﬁ/ﬁf T A —

FRHPILWK I e N e, (i=1,2, -, n)c M
?]U\liﬂn A ERRITE, TE?%?UTUCU%?
JGFR Ll BE 5K 0 52 e A B C L 3K I C & — > ne X
n AETT S B AE . W R H TR ) i E 2

N“)(i: 1’ 27 B na)9;§|§/é\%/l\§i%?$ﬁj:%?%ﬁfﬁj]n
TG T (i=1,2, -+, n ) DL 2 R FR
CT=N (16)

KA N T4 50 R i NOF T HE R A 51 1]
FERBIEEITEFZRRAICH KT o, B, &R
/N 3 N S A )-SR (S R 7) 5
[ S S e ol S ) I A - S L S
FE R B, B B B SRS B . HLTE 5K
JIE RN OO W) NI R R B
T C R 0 R — 5 n] 1R S A 6] R OR [A] T
18] 8K R RN T CE R AR LR 4y ff ) 2k I
B, BT DL vk LB B AR



AR (R 3E30)

92

AEROSPACE SHANGHAI (CHINESE &. ENGLISH)

55 38 % 2021 4% 5

2 Lt AR Fn e ] A
2.1 WIFEBIME X

FHF U0 B Bk 1 R 5 45 4 A1 G A BR T
R R W E 1R . B G R80T T
P45 N ES N BCF MR OC T S . BT (1) ~
HIG(5) R E MM IR LR, MR JE e g8 (5]
PEBL 5 B 1.5 GPA) , Hop K E /,=02m

V2

RERM (1) ~HEZR W (4) FKE L, =0.1m B EK
(5) 43 51 FH % 18 Bt $r W E EA, = 3000 N fl EA, =
150 N B AT B o0 AL, S #E 0 F (6) A S #E A 14 (7)
FHRIE 2500 £= 107 N/m B4 3 8 i, %t
PR OBE R WO R WO 5K ) B R N =
100N, N, = I N, F EAEF 0N AT iR W25
oA B A MmO 6, X N B 4 &
u2xu3\u5\u(ﬁ'\‘v2\vﬁa1:i-\‘ij£[7§]1|:Po

us
#1 EA®, N # ———=  EA,N #3 k
m 5 77;7:’7\/\/\/\/\/—
(6)
Edo, Ny |}
() ~
,—>u6
#4 Edi, N 45 | ——=us  EA,N 46 k |
3) (C)) )
11 ll
B1 BHREANEMTE
Fig.1 Structural sketch of simple model

S A B T 4 A B )P NASTRAN 3 55,
T R SCULEE 1o 8 SRS TR B0 40 435 1 o5 AR
LUSToE IR = SN P S N STo o o A S
NTEF AN B EZREME MK RO E N
a=1, RHHXFEM &S, M7 =R A o0 Bl g
AT T o B K K R e, R
AT AT TS A2 R R 3 ARG A M, R
M A A R B R W R A R . e IR
A ML fER T AN FE T 5 20 47 Include *KSIG-
MA. pch’ , Py 25 & f 3k i 90 g 1 W B
WK,

2.2 AR 71 W B 4B BE B A R

MR 1ot (1)~ 0 (5) 41L& 5 B F A
N A AR TR AT g AR T AR X5
A BT HE B 2R WA 1 T I B Sy

1010 0 —500 —10 0 0
0 1010 0 0 —10 0
K. — —500 0 500 0 0 0 (17)
—10 0 0 1010 0 —500
0 —10 0 0 1010 0
0 0 0 —500 0 500

®1 ENEHEGNERTERENX
Tab.1 Definitions of the finite element model for cable net
structure
001 |PROD,1,1,2.—6 011 |MATI1,1,1.54+9,1.0,1.0
002 |CROD,1,1,1,2 012 |GRID,1,0,0.1,0
003 |CROD,2,1,2,3 013 |GRID,2,0.2,0.1,0
004 |CROD,3,1,4,5 014 | GRID,3,0.4,0.1,0
005 | CROD,4,1,5,6 015. | GRID,4,0,0,0
006 |PROD,2,1,1.—7 016 | GRID,5,0.2,0,0
007 | CROD,5,2,2,5 017 | GRID,6,0.4,0,0
008 | PELAS,3,1.0E+5 018 |SPC1,10,12,1,4
009 | CELAS1,6,3,3,1 019 |SPC1,10,2,3,6
010 | CELAS1,7,3,6,1 020 | Include ‘KSIGMA .pch’

A K, B A N/m

T B X FR B, 6 47 (B3 6 41 X N 1 A
*Zﬁi&*ﬁﬂqjﬁ%l]% szvz\uau.%\vaﬂ:‘u Ugo %%,BEJ{



95 38 %% 2021 4E45 5 1

EER - RS R R (24 o N vl I RE /N K | A R INAN SRV S TR IR iy RS 93

NASTRAN # DMIG #% X2k B K, fir 24 8 KSIG-
MA, F =M EB 4 L E #4705 5 2040 Sk B
3 KSIGMA .pch, iL3 2.

Fz2 WKW EERERN DMIG #
Tab.2 DMIG data of the initial stress stiffness matrix
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001 | DMIG*, KSIGMA,2,1 || 009 |*,2,1,—1.00E+1

002 |*,2,1,1.01E+3 010 |*,5,1,1.01E+3

003 | DMIG*, KSIGMA,2,2 | 011 | DMIG*, KSIGMA,5,2

004 |*,2,2,1.01E+3 012 |*,2,2,—1.00E+1

005 | DMIG*, KSIGMA,3,1 | 013 |*,5,2,1.01E+3

006 |*,2,1,—5.00E+2 014 | DMIG*, KSIGMA,6,1

007 |*,3,1,5.00E+2 015 |*,5,1,—5.00E+2

008 | DMIG*, KSIGMA, 5,1 016 |*,6,1,5.00E+2
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Tab.3 NASTRAN input file for calculating the effect matrix of temperature on tension

T A iy A SCF T i AR i A A
001 SOL 101 014 SUBCASE 5
002 CEND 015 TEMPERATURE(LOAD)=5
003 SET 10=1,2,3,4,5 016 BEGIN BULK
004 TEMPERATURE(INITIAL)=10 017 INCLUDE ‘Demo Model.bdf’
005 PARAM, AUTOSPC, YES 018 INCLUDE ‘KSIGMA .pch’
006 K2GG=KSIGMA 019 TEMPD, 10,0
007 SPC=10 020 TEMPD, 1,0
008 DISPLACEMENT(SORT1, REAL)=ALL 021 TEMPRB,1,1,—1,—1
009 FORCE(SORT1, REAL, BILIN, PUNCH) =10 022 TEMPD, 2,0
010 SUBCASE 1 023 TEMPRB,2,2,—1,—1
011 TEMPERATURE(LOAD)=1 024 TEMPD, 5,0
012 SUBCASE 2 025 TEMPRB,5,5,—1,—1
013 TEMPERATURE(LOAD)=2 026 ENDDATA
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Tab.4 NASTRAN input file for coupled deformation and tension calculation

A bR i A A

T A By A SCAF

001 SOL 101

012 BEGIN BULK

002 CEND

013 INCLUDE ‘DemoModel.bdf’

003 SET 10=1,2,3,4,5

014 INCLUDE ‘KSIGMA .pch’

004 TEMPERATURE(INITIAL)=10

015 TEMPD,1,0

005 PARAM, AUTOSPC, YES

016 TEMPD, 10,0

006 K2GG=KSIGMA

017 TEMPRB*,1,1,—3.58272—2,—3.58272—2

007 SPC=10

018 TEMPRB*,1,2,—3.58270—2,—3.58270—2

008 DISPLACEMENT(SORT1, REAL)=ALL

019 TEMPRB*,1,3,—3.58272—2,—3.58272—2

009 FORCE(SORT1,REAL,BILIN)=10

020 TEMPRB*,1,4,—3.58270—2,—3.58270—2

010 SUBCASE 1

021 TEMPRB*,1,5, —2.62745—2,—2.62745—2

011 TEMPERATURE(LOAD)=1

022 ENDDATA
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Tab.5 Calculation results of the coupled deformation of the cable net structure with pretension

SR /m W2/ %
(RE
fiek b i VAT IROT ik AR A BROT I S HERAE S AL 44
uy (= us) —0.000 5 —4.987 72610 * —5.001 32910 * —0.25 0.27
vy (= ;) —0.0010 —9.803919%x 10 * —9.891 866 <10 * —1.96 0.90
us (ug) —0.0010 —9.975063x 10 * —1.000 21810 * —0.25 0.27
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Fig.2 Cable net deployable antenna
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Fig.3 Result of pretension application to cable net
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Fig.5 Nonlinear natural mode
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