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Mechanical Performance Study of Flexible Protection Tube for
Submarine Cables

Kyeong Soo Ahn*, Yun Jae Kim**, Jin-wook Choe***, Jinseok Lim***, Sung Woong Choi**"

ABSTRACT: Demand for submarine cable is increasing due to advances in submarine power transmission technology
and submarine cable manufacturing technology. Submarine cable use various types of protective equipment to prevent
problems such as high maintenance costs in the event of cable damage and power outages during maintenance
periods. Among them, flexible protection tube is a representative protective equipment to protect cables and respond
to external forces such as waves and current. The flexible protection tube is made of polyurethane 85A hyperelastic
material, so the calculation of mechanical behavior is carried out using mechanical properties based on experimental
results. In this study, a study was conducted to determine the bending performance and tensile performance of flexible
protection tube through analytical methods. The physical properties obtained through the multiaxial tensile test of
polyurethane 85A were used for the analysis. Bending and tensile performance were determined for the maximum
bending moment standard of 15 kN-m and the tensile load standard of 50 kN. As a result, it was confirmed that
when the maximum bending moment of 15 kN-m of the flexible protection tube occurred, the bending performance
of the MBR was secured at 13 m and when a tensile load of 50 kN, it was applied the maximum vertical displacement
was 968 mm, confirming that the tensile performance was secured.

ZE B dAAClES AolEY &4 Al w2 #A B v SAIEES sk S8l et SR Ha)
AN E AHERTE 59] ot 9l Sl 5o oY a4 EE—‘T'—E] Aol&& Host7] ol AHgH= A9 HE
VAR FARSRES & 5 Ut RS REE S99 85A = @A AR= A5 o] 71AA A
£ A o) e ATHE /Mo R B BAAE o 87 1 ATOIAE $9 BE FUE Ao o
A S Agstel B 3 Y P Amusiek o 4o A1 H 4 FeloolE ad] thEely
A9e Fol SuE B4 08 ol galalth FURSREE o) F3 BUE 71EA 15 kNme} 1] 7]
X121 50 kol s U Ak 2 e RAjelelet 14 27 590 5 Fro] A F HUET} 15 v
o) uj MBR 13 m2 7 40| Shreglom, olgshgo] 50 kN uf Zth 42 917} 968 mmz Lhehy ol
Aol SHEE AT - Adr
Key Words: 3J] 4] 7| ©] &-(Submarine cable), & 2]-$-d| €H(Polyurethane), -3-¢1 % & = H (Flexible protection tube), & A%

(Flexural performance), 1%} 45 (Tensile performance)

Received 4 April 2024, received in revised form 11 April 2024, accepted 14 April 2024

*Hwaseung Cooperation, Defense Business Team
**Gyeongsang National University, Graduate School of Mechanical System Engineering
***Korea Electrotechnology Research Institute, Power Cable Research Center
Gyeongsang National University, Mechanical System Engineering, Corresponding author (E-mail: younhulje@gnu.ac.kr)



102 Kyeong Soo Ahn, Yun Jae Kim, Jin-wook Choe, Jinseok Lim, Sung Woong Cho

1. M E

-

AR 2 deuA] =8 205074 A543 5
717} e g, oofl whE digtR MEAE $A3} A5
SAY AA o] Basgo] A7|=aL okl #HE H |
ZbefA] AE AE 71ad A Alols Alx Vs So
Ao sjA] Aols s85%E ﬁl*oﬁ/\i EEEA A
dNbA O 2 SRS s A Aol &2 L7k} A A B8
= AR B, =2 97k 24 88 5o 24 50
Ak Alol5e] &4 A B 74 K vlgo] sobx|al 4
A 2A 52 Aol AR, whEkA] s 7R B A
o &, Addl =2 oA FHrlel HA o] Qg AES 1183}
of AA=| o of rt(2-4]. o]e} Bt BA AolE2 &
& Tl Alols HEE 9%t 7127 B ashy “741 Al
2afoF & Tt 84 T sholtt. 34 Aloles 2AF 8
ARFE Boshy] 93 o2 7HA] Z1AA 2 2 Al
= ZEiste] &5 ofrgshal ol T3t Aloleel WA o
s Aol AallF 5 s wdS 8l Aoles e
+ &S AABEL TH5]. ©] T Bagolut ZATE &
of F2H HIAAE AHE-8to] s A AloleS Hadhes
= AREBHAL QlTh6]. ey ek FaF Bl 4]
ol 5] ©ho] At ZhAE Y 5= HAYSkAL Qlct.
A Aol o R s 5o 2|l tiH|stal #|o]
22 w3l g8 49 BE FHE ASY 5 Aok &
A BT Fut AR Al 9 9 §R 59 o a4t
et Al AE7L "asth 0% FHo} oS g
2 43t AYsIE Aol BrEE Aol Fasi.
BAHoR nRA 42 THE SehaE Ari
Aol 2 2437 uslel A fo AdE Bl 24
A2 g EtH7,8]. 53 Ze|Sae 50 2eka AR

Hir

;O

¢

O

1_

TAE FARSREE &Y HPE Gol 8T 4
7h g EeledE 85A 29 AR © /9 BE {E
= TSR e 53 S8 - NP E AY S4AE 7
o2 zlgEolof g},

2 dFolds A A e TEl £ HE RHo
et QA Aol wrek A sk Ee e
85A 2B ARE @ §d BT FHL oA AFS

ol 2HET S 085t sjAslTh A Hel &

HIE 712X Q1 15 kNI Q1812 712191 50 kNoj| o

2.1 gUiEsRE 2Yz
FANEEH BAYS i Aol L Y FANE
RHol 94% AES 913 %y_o AN

(@) (b)

Fig. 1. Modeling of flexible protection tube and flange: (a) side
view, (b) floor plan

Fig. 2. Modeling mesh: (a) side view (b): floor plan
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Fig. 3. Modeling of flexible protection tube and flange: (a) side
view (b): floor plan
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Fig. 4. Modeling mesh: (a) side view (b): floor plan
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Table 1. Flexible protection tube material properties (PU 85A)

Parameters Polyurethane 85A
Density [kg/m’] 1,120
Hardness [-] 85A
Tensile strength [MPa] 17.2
Elongation at break [%] 664
Tearing Strength [MPa] 90
thermal conductivity [W/m-K] 0.178
specific heat [J/kg-K] 1.607
thermal expansion coefficient [wm/(m-°C) 110
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Fig. 5. Elongation 35% stress-strain curve
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Fig. 6. Modified stress-strain curve (Red: origin shifted curve,
Green: fitting curve)
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