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Experimental study on lateral buckling of
umbilical cable armor model

CHEN Si—yuan', DENG Yu', SUN Si—yu', CHEN Lei*, LIANG Xu!
(1. Ocean Collage, Zhejiang University, Zhoushan 316021, China; 2. Ningbo Orient Wires & Cables Co. Ltd.,
Ningbo 315101, China)

Abstract: An umbilical cable serves as a crucial link between the water surface and subsea units in offshore
engineering. In this paper, a model test method for the lateral buckling of an umbilical cable armor layer un-
der bending and compression was proposed, and the model was constrained by a sheath to induce lateral
buckling. Model tests were carried out under the conditions of straight and bending radii of 2 m, 1.7 m, and
1.4 m. The accuracy of the proposed model test method was verified by the comparison between the theoreti-
cal values and experimental results in previous literature, and comparing with the numerical simulation re-
sults of this paper. The experimental study revealed that the critical displacement and critical buckling load
for lateral buckling of the umbilical cable armor layer increased as the bending radius decreased, and the lo-
cation of lateral buckling moved toward the fixed end with decreasing bending radius. For the umbilical cable
in a bent and compressed state, lateral buckling of the armor wires with the initial winding position on the
concave surface of the bend was more pronounced. The lateral buckling model test method proposed in this
paper can be used to study the failure mechanism and mode of the umbilical cable armor layer under lateral

buckling and to validate numerical simulation analysis.
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Fig.1 Cross section of armoring umbilical cable Fig.2 Umbilical cables armor layer
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Fig.3 Local buckling of the umbilical cable armor'
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Fig.5 Schematic diagram of buckling Fig.6 Electric universal testing machine
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Fig.7 Simplification of the experiment model
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Tab.1 Structural parameters of the experiment model

[&] 15 #M 2 /mm W22 A% /mm Y LA /0 A5 5 /mm K /mm
B B 98.4 5 20 892 -
75 R IR g6 A5 Y 19.68 1 20 178.5 178.5
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Tab.2 Material parameters of wire
W22 H A%/ mm W E/(kgom™) HAPERL /G Pa AR LE
1 7850 178.25 0.3

TR AT A SR P F LA -

(1) BT, f1 PLA ARG AL, W& 8 B, JH T N 22 4R B S0 (9 22 REAE IR fe 7 T b A%, [l i
A 9 S 22 A RE S A TUTRE P T A 22 9 2 3% T4

(2) o BUREE, ti PLA 4 RHE A, Q0P 9 Bz , JiE A b A4 7 b n] LAY (B b A IR A
g, T e B AR A 22 B 22 AL, T [ E 22, PRUEAN 22 5 IR A R A XA RS o B LAY
JEs S 38 3 5% VS e 45 B B AN 22 Jt 2 A% £ 2, e 1 i B R RE T (MR 3l B LA 2252 ) i s
Fele)iz gh ppIR s

(3) 1%, EEPLAM?H%JEJZ ANTEL 10 v, M MR 2208 HL 1, T T 20 22 i A 1) 2 %, By 1k
2232 e kAR AR i

(4) FeN 2z JE AR MR I SE7E B 2 09 IO AR, IR B A S B0 0 JAE R A 7 ] o

— .

K8 (3 A A
Fig.8 Cylindrical model

B9 5 B AR AR 10 e
Fig.9 Cross—shaped base unit Fig.10 Sheath unit

WIE 17, R 3D FTERHILET EN IR | JFS J8E Fn4P A AR - 01 7 20 2% | P 2848 e 4N 24 J B 2 )i 56
PRI 12 FiR .



551 R RELRAE + el 0 0 1 e b 5 B 6 F 5 139

—

1L T EL R 12 B R
Fig.11 Printing process of test pieces Fig.12 Straight model assembled

W 13 7R AR S [ B 153 T 25 il g A A8, 401 9 S () 25l 2 4 10 I iy 0 2 2 O 1) )
i 0, 38 1 3 R — o B AR AR A i s . T
TR YGAR Y LA W AR S L oA T ORI IR A it 1 -5 3R B LA Sk P AT K — i
)G JRE 15 B — R AR R K o AN AR BRI 40 T i T =
AR B 25 1242, 43 590K 10 m 8.5 m A1 7 m, 4 N o RS 0 25 i 22 425 4
A2 m 1.7 m Al 1.4 mo
23R

T RERISHL F AT TR S 46 605, an &l 14 s, £ 0.5 mm/min
) TN 8 2B A TR il o e 4 5r B AT o KRR Ry 2 0 ) I A R A R T
T2 00 A R 7 AT i B 22000 T LA A0k A IR A DT SR 17 X S 6 A 7
M ZAZSE (R T 8 AR 55 SEATRS B A I A o o ELAAR )ik
LS8 o

(1) 2% R

(2) P A U T T BRI ML L AR T g i e LA A g
O PRUEASE R A0 2o P AN 32 Al U 7 RV Y, P e L [ (A8

(3) VR S B AT 2 SRS S P47, 18 R Sk fif 22 5 )iC s
Pk

(4) Ph0.5 mm/min (10285 3 8 XS Y it fin F 40 5 7% 2840 5

(5) T He i 22 [ 1 IR A A T Rz il FH e Je 4 Ak

(6) TERHRAE R G0 L LIRS i i) g it Ze 10 s i 57 it 2881

(7) WT7 RERIEAL BB
2.4 FERBIGIE

S B E R I 45 R AR BUE A AR A ANSYS H HE ST fi iy 48 43 BR TR Y B 14 R T
BT H o A PROTE BN 15 PR BB ZEM SR B BRI 58K Fig14 Test amangement
1. 3R2 3, WEIIMREERNZ IR SRAENZE il BEAM189 LTl sa 2 i 22 , IF I FH =
A 7S AR BT HE T A S 3. R CONTA175 BT HI TARGEL70 LT FE N 22 FINAMPEZ MR & T
PRI fih , BEAEE R HIOR N 0.3 AR A R i 43 1) Sy [ B P 1l i, 1 o 49 50 A 7S 1 L jR
SE AL O E e Rl S Rk L K ELA U IS o) DR A 2 S S R AN M S NS
BN L2 BTt B R B . TR S o AT AT B 5 LA RS SR R A B 22 1 el v Rk Bl ]
FIFELE AT RS b i) Ty £ I RsHE S 5L i 284

K13 25 il g A
Fig.13 Bending model




140 WLAR 12 F29 B 11

(a) SN 22450 (bh) #EARAEHAY
K15 AR

Fig.15 Finite element model
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T H AR 25 Al 242 2 m AR 5245 1.7 m AR S AEAE 1.4 m AT

1 334.82 379.51 401.01 470.90
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