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Abstract

Armored steel wire is an important strength component of the umbilical, which can bear the load
of stretching and torsion in complex marine environment and can protect the central core. In or-
der to ensure the torsion balance and stress balance of umbilical, the armored steel wire is usually
designed as two or more layers and wound outside the central core in opposite directions. In this
paper, a theoretical design method of armored steel wire of umbilical is discussed, and a theoreti-
cal model of double armored umbilical is established. The results show that the spiral angle and
diameter of the armored wire have a certain effect on the mechanical strength of the umbilical.

Keywords

Umbilical, Armored Steel Wire, Mechanical Strength, Structural Design

F BT AR e R WL RS ML

M, IER, NXF, TaH
AR R TREERE, (IR P

Email: chenhongcheng@stu.ouc.edu.com, "hyguo@ouc.edu.cn

Weks HiA: 201945 H19H; FHHEM: 2019F6HA3H; KA HM: 20199F6H10H

HE

PR R S BRI, EEREE SRR R R SER AR 5O IR
Mo RPRIERTH S PAE AR P4, TREPE R EENAL BT RNEERS &R AR F S LN
DERER

NEGIH: BREAR, SR, XISCH, TS W SR RN L I A Bt D] HUR TR S5 HEOR, 2019, 8(3):
223-230. DOI: 10.12677/met.2019.83028


http://www.hanspub.org/journal/met
https://doi.org/10.12677/met.2019.83028
https://doi.org/10.12677/met.2019.83028
http://www.hanspub.org

Beoh. ACRIR T — SRR T AERMLNER RIS, BY T NEEERTAERIRE. 418
B, RN 22 B MR iR M B B R Y H R BN UBRGR BE R — 8 B

XK ia
Bridi, fEMme, PRI, St

Copyright © 2019 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

EEXIE Gt AP T S AR B WIC . BAR R AR TR E B ) 9955 8, /KR AR RGTZBH RN
R T BIRIT R B EAR 1] PR G — PR PESRVE R 48, TR KRR R LK
M Z B, RO SR ) Ak [2]. RN NI SR SR AR, T RS

A URIEPR T A R AP £ 48098 575 £ 28 3]

FABAN 22 M 3T RV T2 JBF i B8 Bt I B N . [ W ANE VR 2 L 502 B0 A T R BB 9T -
Hruska [4] [5]/E BISIRHEN 22 175 BETTMIRTIE T, M 7 SRR RN 22 R fiAT vt o, BIAS2) 1 L
PRILAHRIEE o Knapp [61%F X5 H SEE A P IS HAR S IUR, RIHIAZ Sy BREL G 34 T T IR P AEAN ]
LI NIRRT, X R R e e S M R AR & B B AR . SRS Knapp [7)95HH, i dite
PSRN Z B RN, ORI T4, 8RR e AN 22 S r Al e, LA R 22 R e FE AR BAE A K S
HONAZI L — € L AT T RE . [ 9223 )2 20 (8 S5 AE = 4 () J LT AR S Bt B, WP 7 R e 22
FER ARG, R T — S S BONRS R BT i, (R BON R 2%, 1R SEPsh N B I
Ao B[O TR, A AN L2 R XS 5l BT 1A PERERZ TR, HAMHT T SR AR AN 22 fje /N it
Wiy, BORAVFR ) SHIRBEMA L. FRRIRK R KR0S NRIRSH, R SR N 22 A H B fif A
FHFL AT 3N (R BE AT J732E4T 14T, (HHEAT M inh A 25 R8T A M 22 (R FH T 22 17 oo O AZ R DT iR

PAERT UK 2 FEAE 2 RO AZ AR HT B AT SR T T FC S AR BRI 22 (1 Fy Ak e, 0 B RS R 3R AN 22 )R
XHEHT S BEAR B o A SO SRS T HEAR, S 7RI R 5 H AR IR R R A
FE LA b SCERDY T AR B 22 ELAR BB e A P2 — s I, LR A BB AR AR A X i s 45 B A Al T ) 2
PEREFIFENT .

2. FrEgsERMEL Rt

K)o B 2 T s B A 717 4 00 N AL JE R P 2 e 1) R B AN 22 T B 36 2, T3 AN B T B
HT T R B 22 PO 3R i o IR Ay B AN ELAR AR AL T AR AL, AT 4 2R A 22 LTI 75 20 e R 22 Fr) £k
ERATIRVE . EHUEEREE AN E R AR RN 22, KRB I S A R TT, i 1 R

X RN 2 MR A SIS, AT T BL R BOE( L]

1) ~PRBE , BN ASTE A Jo SR e b B i 22 A PR Fp- 7 , MH AI L S5 A0 T A 55

2) PNEARE, BELME il it , B8NS H TN T 1.

3) AR AR A P BRESAT G 2] A% TR R PR AN 2R ) B

(]I} 5 P8 B P AN L2 SEBR AT TRINR, O fRi ARy, (BE R e 22 S HE AT

DOI: 10.12677/met.2019.83028 224 IR N EASE N


https://doi.org/10.12677/met.2019.83028
http://creativecommons.org/licenses/by/4.0/

2n(Rc+R)

NN

—_—

A\
/

2(Rc+R)

Figure 1. Schematic diagram of helical wirealong the central cylinder
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Figure 2. Model of double armoured umbilical
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Table 1. Dimension of umbilical central core

= 1. g O RT

Ly ve it AMA/mm B¥ )R /mm AT A /mm?
HD AR 13.6 1.0 39.6
HL RS E 30.8 8.4 591.1
B R )2 61.6 15.6
NEREMRTE 71.6 5.0 1046.15

Table 2. Material properties

= 2. MR

okt PR E/GPa TARALE W kg m?

AR 210 0.3 7800
525 109 033 8900
ReW) 1.5 0.48 1000
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Table 3. Number of armoured steel wire
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Figure 3. Relationship between torsional stiffness of umbilical and spiral
angel of armored steel wireand spiral angel of armored steel wire

3. B h R E S e R NABIE AR X R

3.2.2. ERWAREAESBEAARNENXR

K4 A RIZI AT TG S0 AL R NI S R BRI AN 22 K R R T, PIRPZITRRAT R, Bty
5 RE VA A D 2 i 2 B 22 R e A P ) AR AL 3 — B0 R SR AN 22 MR A1y E /N T 40, B e B8 B AR AR M
JSE it A e 2 A 2 R e Ay EE PR KT K, FLAT UM R SR R o B Ay BRI 4071, B 7 4 R A 41 4 W
FETFARWI R T F, WRBE ML —E M, IR AR T O AOHI LWL, X R BIBOR IR e ff)
P20 Je SR A I B 27 AR AN RIS o DR DRAIE I 5 B0 B A O IO HHAR NI E S 2R B0 22 (R IR e # 2
WA K.

DOI: 10.12677/met.2019.83028 227 IR N EASE N


https://doi.org/10.12677/met.2019.83028

—e . - Ryfif
—a— W LR o

0 100 2 3 40 50 6 70
s P )T

Figure 4. Relationship between torsional stiffness of umbilical and spiral
angel of armored steel wireand spiral angel of armored steel wire
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Table 4. Number of armoured steel wire
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Figure 5. Relationship between tensile stiffness of umbilical and radius of
armored steel wireand radius of armored steel wire
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Figure 6. Relationship between torsional stiffness of umbilical and radius of
armored steel wireand radius of armored steel wire
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