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Cable force identification method of active shape-changing cable-net system

and its application in FAST engineering

FU Xing', SUN Siyuan', LI Hongnan', LI Qingwei**, LI Hui"’, REN Liang'
(1.School of Infrastructure Engineering, Dalian University of Technology, Dalian 116024, China;
2.National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100101, China;
3.Key Laboratory of FAST, Chinese Academy of Sciences, Beijing 100101, China)

Abstract: The cable-net structural system of FAST is a flexible tension cable net, consisting of a main cable net, several hydraulic
actuators and controllers, which is the world’s largest span, the highest precision, and the first active shape-changing cable-net sys-
tem. Its characteristic is that the cable net form can be adjusted according to requirements, but it also results in the cable boundary
conditions constantly changing with the cable net form, which brings huge challenges to cable force identification. In order to accu-
rately identify cable forces of the active shape-changing cable-net system, a method for identifying cable forces of variable elastic
boundary supports is proposed. An equivalent single-degree-of-freedom model of the cable is established, and the mathematical ex-
pressions of the cable frequencies between ideal hinge and elastic boundary support are derived. The first-order frequency is then
corrected based on the first-order mode values at the mid-point and both ends of the cable. The cable force identification method of
the active shape-changing cable-net system which is based on the string vibration theory is proposed. Numerical simulations are car-
ried out to verify the accuracy of the proposed method, and parametric analyses are also conducted. The method is proved to be
practicable and applicable through numerical simulations and field measurements to identify the cable force of the FAST cable net.
The results show that the relative errors of cable force identification are within 1% in the numerical simulation and less than 5% in
the field measurement. The method takes into account the complex boundary conditions of cables, avoids solving for unknown

boundary constraint stiffnesses, and extends the engineering applicability of the traditional string vibration theory.
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Fig.1 Simplified mechanical model of the cable of cablenet

structure
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hinged cable at both ends
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Fig. 3 Equivalent single-degree-of-freedom model for the

elastic boundary support cable
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various axial spring stiffnesses
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SEABE 18.16

TET PAL B 1T R IR B0, 3 ORI
R T3 AN I A T T RO PR S TR B ik A E
S — B 1 AR R A 6E R AR R AR B R )
WAL TR R IE .

2.2 EHIRFNER

ARATUUPLR R 14 436.08 kN i1 A 4 F A £,
R HL AN B 9 0.25 % 3% — T80 R il , 64T — K 58
BRI
T A5 n T B R Y e an TR 7 T, e AL T
SUORPLE A, AR AN A5 R 0 5R E Si  ( EX
FR) i R e 2 E A . SR SSIF i ab 3
Jor B RO AT S 0 R SRS R AR — B A iR
WK £,=15.01 Hz, A, A, SR B R 0.0279, A, 54
PRAE R 0.3974, % T80 N Hr R A BRITHE A BB
BT A E R 5 — B B IR AR R 15.0055 Hz, A, LA,
SARAE N 0.0163, A, mIRBIE N 0.2316, XF ik
P AUE A —fb b B, 28 B2 U0 3 45 3 14 PR AU A
SR T4 R AR — B, AV R R IR AUE ¢o=
0.9298, 8 [i] 7 7K 5% Pk BUAH ¢, =¢,=0.0702, FI R
PRV E 8 BT 7R o WT LA Y, 4 i ) R 2 il £ L AR
A, B S R 0 Bk B A8 o o R N R AR —
B 1 4 4005 K Sk 7 41 78 4001
P FEA SCHR & U O s i X (12) 3 B4R
B oM R SORPLR S — B AR B R 0=
94.31 rad/s; 1 SSTH L3 2 i P BUMH (0 —Fk )5 )
26 30 (7) TR SR i B SOR PR ) S M=
18.66 kg, H1 20 (14) fif A3 BRI R M T SR &1 (&
KRS T) AR 2) T3 B R — W 7
RO R om=17.93 kg, fx il 2 (17) AR



140 Ei

g T

S

%38 %

0 0.2 0.4 0.6 0.8 1.0
B[] / s
B7 i e A gl £

Fig.7 Time history curves of acceleration

15
— AT R
— — — SSHER 48
10F
=1
=
0.5F
0

0 2 4 6 8 10 12
x/m

K8 HREIXS L

Fig. 8 Comparison of mode shapes

J1 T=436.34 kN, i it T &% % & R J1 4 436.08
KN, X iR 2244 0.06 % o

2.3 SHSH

XoF < R i 120 S D A A5 ) i i B SO
R i) S AR LR W E ey =k, ) 3 ) B 2R 4R I 719 0.1
5 .0.254% (0565 1 fiF L +oo (S84, B 1 9
3 590 BT 2R A R BT 19 20 %6 ,40%.60% .80% FI
100% o R FHAS SCHE 19 5 v AL 48 5% 4k 3h B IS 43
TR T TR 2 U 45 R a3k 2 Bos .
PN 2 v m] i o T T ik 30 S D R S O v i
SCARPLRR SR AR SCHE 1 28 07 1R i R 1S B 4%
KGR JIE M DR 25 A 106 LAV 5 1 B4 ok
SR S S TR R Ty, HOR 25 R AR SO IR BT L
KATik 24.29% , WEHME G s IR s r i B R . 44
R i by B A A A AR, A SCHR O vk 5 AR G
P s e — B0, R SRR 22 58 M A

Xt 1 i 321 5 R AS A A 1 S v i B S R hn
RLONFWEE RS R B HAE S L1, 1:3.1:5F0
1:10, R K T 5 & 2 M), & 0 00 45 5 an & 3
o AT LU 25 79 sty IR o 55 I B LU A /N, R TS
U B B 1R 25 8K B35/ F 0.5 %, T 5% 41 oh 3
VI U R 22 AT R A S O s BT A AR S
i th ) R R B L AR e ) aX PR Bl B B T

R JSE R T ) 3 FH YL
F2 TREMRERETRNAMNER

Tab.2 Identification results of cable force with various

vertical spring stiffnesses
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T./kN T/kN %=/% T/KN 222/ %
10%  289.44  —0.44  251.37 —13.53
25%  290.65  —0.03  274.73 —5.50
290.72  50%  291.25 0.18  283.19 —2.59
100%  291.39 0.23  287.24 —1.20
+oo  291.95 0.42  291.95 0.42
10% 43412 —0.45  352.00 —19.28
25%  436.34 0.06  400.61 —8.13
436.08 50%  437.32 0.28  418.96 —3.93
100%  437.96 0.43  428.65 —1.70
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Tab.3 Identification results of cable force with various

vertical spring stiffness ratios
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1:10  584.30 0.49 54818  —5.72
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Tab.5 Comparison of the cable force identification

results for the FAST via field measurement

Tab.4 Basic parameters of the FAST cable net and - AR iR g
identification results of cable force & ﬁiﬁ ; %iﬁ;;@j P - WUED M
HE K ORREE WHERS WEEH A BE LN o UE ., MR R
%5  /m m/(kgrm ') T/kN T/KN  i®2:/% T/kN T./kN /%
2646 12.39 3.66 172.97 174.21 —0.71 A32 572,70 10.34 562.26 —1.82 462.87 —19.18
3674 12.40 4.54 219.65 219.45 0.09 A34 564.60 8.21 536.74 —4.93 288.30 —48.94
6587 9.24 12.52 575.37 572.05 0.58 A38 656.50 13.02 625.66 —4.70 568.27 —13.44
6610  5.23 12.99 668.01 663.97 0.61 A40  826.10 12.30 854.53 3.44  308.89 —62.61
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Tab.6 Cable force identification results for part of main

cables in the FAST reflector zone A

. xh |, = xh |, E Wi
sp L s sp L py-R=
W= T/kN At T/kN W= T/kN At T/kN

A0 590.8 | Al6 562.6 | A30 673.7 | Add 646.4
A2 619.5| A18 707.2 | A32 429.5 | Ad6 622.7
A4 4477 | A20 581.8 | A34 667.4| A48 713.0
A8  453.3 | A22 438.2 | A36 459.6 | AS0 671.0
A10 515.2 | A24 356.7 | A38 615.0 | A52 590.7
Al2 3951 | A26 631.9| A40 532.1 | AS6 4244
Al4  669.7 | A28 583.5| A42 551.9| A58 5184
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