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Tension Monitoring Technology of Intelligent Cable Based on
Fiber-Optic Grating
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Abstract Cable is a vital force-transmission component of the long-span space-cable-network structure and is the core of
safety operations because of the potential risk of damage and destruction. Thus, the force state of cables in real time must
be elucidated. An intelligent cable with fiber Bragg grating embedded in a center wire can effectively avoid damage to a
sensing unit during transportation and installation as well as realize the real-time perception of the cable force. In this
study, a calibrated intelligent cable is applied to the saddle-like space cable network of the Shunde Sports Center
swimming pool, and the cable force is monitored during the installation of the cable-network tension. The sensitivities of
cable load monitoring and stable cable load monitoring are approximately 6.6 and 2.6 pm/KN, respectively, and the
difference in the measured cable force and jack is within 5% after the tension is completed. The cable force measured by
the intelligent cable is similar to the value of oil pressure. The measured cable force during the installation of the cable-
network tension is consistent with the theoretical-analysis trend. The measured cable force is less than 40% of the cable
breaking force. Applying intelligent cables to cable-network structures can facilitate cable-force monitoring.

Key words intelligent cable; fiber grating; cable force monitoring; space cable network
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Fig. 1 Intelligent cable. (a) Schematic diagram; (b) object picture
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Fig. 2 Calibration experiment of intelligent cable. (a) Stretching bed; (b) control platform; (¢) tension diagram; (d) data collection
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Fig. 3 Tension calibration results of three groups. (a) HS 13-measuring point 1; (b) HS 13-measuring point 2; (¢) ZS 7-measuring point 1;
(d) ZS 7-measuring point 2; (¢) ZS 13-measuring point 1; (f) ZS 13-measuring point 2
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Table 1 Calculation of correlation coefficient K of intelligent cable
unit: kKN+nm ™'
HS 13 AN 7S 13
150. 376 387.597 370.370

145.773 353.357 350.877

Cable number

Measuring point 1
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Fig. 4 Structure and measuring point layout diagram of Desheng Sports Center Natatorium
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Table 2 Corresponding working conditions of cable installation

process

Mode Construction process
Mode 1 All load-bearing cables are anchored in place
Mode 2 Stretching HS 1 .HS 25
Mode 3 Stretching HS 2 . HS 24
Mode 4 Stretching HS 3 .HS 23
Mode 5 Stretching HS 4 \HS 22
Mode 6 Stretching HS 5 .HS 21
Mode 7 Stretching HS 6 \HS 20
Mode 8 Stretching HS 7 . HS 19
Mode 9 Stretching HS 8 \HS 18
Mode 10 Stretching HS 9 .HS 17
Mode 11 Stretching HS 10 . HS 16
Mode 12 Stretching HS 11 . HS 15
Mode 13 Stretching HS 12 . HS 14
Mode 14 Stretching HS 13
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Fig. 5 Flow chart of intelligent cable setting and cable net installation
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Table 3 Cable force data record of HS 13 installation process

Jack /kN Wavelength /nm Increment /kN Actual measurement /kN Difference /%
— 0 0 41. 441 —
115.101 0.453 68.120 109. 459 4.9
231.253 1.237 154.135 295.195 —27.7
349.672 2.089 314.135 355.105 —1.6
465. 826 2.753 413.985 454. 805 2.4
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Table 4 ZS data record table of working condition 8 installation process

Number Wavelength /nm Coefficient K/(kN+nm~') Cable force increment /kN
Before stretching After stretching Difference
3 1532. 097 1532. 871 LT74 313. 480 242.6
5 1539. 479 1539. 888 . 409 369. 004 150.9
7 1531. 741 1532. 179 .438 387.597 169. 8
9 1540. 337 1540. 753 .416 381.679 158. 8
11 1530. 929 1531.401 472 359.712 169. 8
13 1539. 165 1539. 697 . 532 334. 448 177.9

W Ak b AR AR S X R B, 7R
RRUE R R R ER R S A8, R A &
MHRERZS 35 7ZS 1340, AW ZS 55 7S 11
MZS 757S 9ME 1B R B LA AR [F]

W3 (6) T3 45 5 PR ik P 58 s & 1 (H
YEAT B, Q032 5 Bt , &k B il 2 o) 7 A% 77 A= 1 g Xt
PREPLRE NEM & K HA 0.30%, A LL Z 1%
ANt
4.3 ZMEHEEBLZR NI

FIEE IR IR, &k F A R JTH 4 ANSYS, X
F W ek BT F B 45 A T 004 i i AT 4L AR Ay
Mo A RICIHE AR T0 T R I 01 = E & 6 i
TR NE2E TR ERTE T 9. 14 F IR ERE T
1T 14 TFX RS =K.

% R R AR il 2 1 PR W S A B AR I iR
2, PR AE X 26 W gk A B R AT o0 B ), 0 O AR 4
MG MRS WE 6(a) TR, Fa g RIEKR PR S

R5 Az Sy ARSI AR b Y L

Table 5 Proportion of bending influence in the measured value

Number  Cable force /kN  F, /kN  Proportion of F, /%
7S 3 584. 326 0. 368 0. 06
7S5 707. 380 0. 368 0. 05
7ZS7 854. 585 0. 368 0.04
7S 9 825.191 0. 368 0.04
7S 11 628. 417 0. 368 0.06
7S 13 603. 010 0. 368 0.06
HS 7 186. 763 0.565 0. 30
HS 13 448. 649 0.565 0.13
HS 19 365. 557 0.565 0.15
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Fig. 6 Cloud map of cable force. (a) Stable cable under working condition 9; (b) Stable cable under working condition 14;

(c) load-

bearing cable under working condition 1; (d) load-bearing cable under working condition 14
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Fig. 7 Cable force values under different working conditions. (a) (d) Measurement 1; (b) (e) measurement 2; (c
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