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Busan Gangseo-gu, Busan, Hwachon Industrial TEL : (051)601-8931~3

Lockdon Complex 1, 115, Ist floor (Hwajeon-dong) Coneact Us FAX : (051) 601-8930
« Departure from Busan: : Eulsukdo Bridge — Shinho Bridge — First right turn — Renault Samsung Motors alumni =
Hwajeon 1 traffic light left — 300m straight left
When using a + Departure from Changwon: : Yongwon Three-way Intersection = Reno Samsung Motors Main Gate and P-turn (down
B road) = Left turn of traffic light No. 1 Hwajeon — Left side of 300m straight
private car

« Garak IC in the direction of Gimhae Songjeong — Busan Gyeongnam Racecourse Park — Left across the branch
bridge — Left at Bonnoksan Three-way Intersection — Right at Hwajeon No. 1 traffic light — Left side of 300m
straight

e
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+ Headquarters:115, Hwajeon Industrial Complex 1-ro, Gangseo-gu, Busan (Hwajeon-dong)
Navigation « Plant 3 63, Garisae 3-ro, Gangseo-gu, Busan (Bumbang-dong)
« Search: 1. HANLA IMS Co IMS 2. Hanla IMS
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HP Vaporizer for RV/FSRLU __

__ﬂ_. _l____u.

HP Vaporizer
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. Amendment to IGF Code, Resolution MSC. 458 (101)
adopted on 14 June 2019

- 2024 1 A1 HUFEE S h @i S h 3

LNG : Liquified Natural Gas, -163 °C
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CFRP Flex Support —EBEEIZDULNT

[ MAN #7354 % —UX+ 7Ly o 2%L 7 $F—k }
MAN Energy Solutions Bl 4 B
Info. Mo Item Namao: liem Id
373992 Pipe Support 5734603-6
Scale Size: JProduct Type Projection | Page No
A4 Double wall piping flex support =@ 12(12)
Date Des Chik AC Fevision Cih-lnﬂu Cha Nol | Rev
20200403 | NCHA | JESP | Z4 | List of suppliers corrected 11

5 List of flex support suppliers

Tabie 7 lists flex support suppliers that has presented satisfactory documentation of their flex suppon
design and for which MAN ES has no objection.

New or updated flex support designs, by these suppliers, should be delivered together with technical
documentation as mentioned throughout this documenl.

Contact relevant flex support suppher for detailed information about their product

Table 7. Flex support suppliers

Company Contact
| AF Pipe Solutons info@alpipes.com
Flupac sa@flupac-piping com
‘ ae{sani aegangiaing hitech.co kr

5l 24510|E|3 Double wall piping flex support

P> MAN-ES fiex support supplier 58
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1.4 F/3— : (Stainless steel 316L)
ANELCFRPYFR—FZ2HA FA—ZRAVWTEELET,
CFRPZHAEDIZESERICIEHR I FRELFBEW-HERFHEK
2. SUS31I6HD R % v FFI FRUF v b ERAWVWTHEIE bLY THEBHTITXT,
3. RN EFy MIZy I BETEELEY,

CFRP Flex Support with Guide bar

NTPYYJER
(GFRP 3mm) =~

Guide bar Assembly

ARy FRIVE

JL—AEB(CFRP)

+v b

1 RN
(Stainless steel)
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|

Ltk (BEEEY)

BDERXATYHER— M eAH U HBCFRPYR— b

247 BERATYR— ~F V#BICFRPHH— b
« X-DF engine —
27 =R
« Generator — O\ ‘)
Boiler y
£ ATV LR CFRP / GFRP
T 100 N/mmUL E
AL &A. 6 mm
& JEIEfE  1mm FEEfh
EREMOEM EEH i b ORE : HE) EEYF— b ORE : BELL)
HMEZNR—2R INZRR=ZIZHEREREE WINZRR—=RIZHEREAHE
N - H{EEA R F—IL{EE
o s BERAREHIFEET B AHE BERROAIEEMSL L

[* fEEBCE (10 - 20 bar) :
BARMILIG A 2 E& for ME-GA, X-DF dual fuel engine, Generators,

Boilers

15



HAEGANG HI-TECH

CFRP Flex Support EEXTERE

BIEXA 7TYFR—F Fixed welding support

GAP : Tmm

-ZE(81%)

IN./OUT. FIX SUPPORT

(Field welding)

v

-
No metal to metal contact | —ccmmmoommmmm

in Hazardous zone 1

~AHVHBCFRPHY R — b (MAN#HA K54 >)

| BIEYF—FRBARE |

CFRP Flex Support

CFRP Flex Support

(Field welding) 16



HAEGANG HI-TECH
CFRP Flex Support

=EAEE

[ Wik (EEREY) STXATHH— b & ~H Y HBCFRPHH— k
o o 0 . o MAN ES
= 7™ S U 7 — - N —
247 SFHA THHE— A~ HBICFRPH R — | HA RS A
o, ' N
C \_5 . Spring Support
s O HLLIE
=" . CFRP Support
. Brace : Stainless Steel . Carbon Fibre Reinforced Plastic .
. Bearing : Engineering Plastic | . Glass Fibre Reinforced Plastic Stainless steel
=it  C oo LI
. Carbon Fibre : CERP
10 times stronger than steel
R 60 N/mm 100 N/mm 60 N/mm A E
HAREN RAX. 6mm =A. 8mm =A. 6mm
AVRAb—N 0° / 90°, 45°/135° REAEICHIERLE L BEDME
EEEBDIERE 4 YA —2—DHIEHER FE$Efh FEEfd
. EFHHER 50 £
Hm&Em 504 R BUR T55(150,000 cycle) (100,(1)00 cycle)
HE2EREWTRE :-100°C~80°C . )
38 Er 90 °C ~ + 60°C B IS ERERITSE : - 163°C~80°C | 90 C ~ +60°C
*&EBLE (330bar or more) JARMELSH 2 EE for MAN dual fuel engines
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Inslated Double wall pipe

Specification of Insulated DWP with CFRP Flex support
I LNG(-163°C)
RZATA Aerogel ORYZA SIL 650 XIZAZS
E T (mm) 25~ 45
DWP 71 X As required(refer to the attachment)
WrEet | T~
BiGiEHFEAD
IN—D\A4 T

LNG(-163°C) —> I

TETEPICER

15 CTEPIICE

HAEGNG HI-TECH
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Insulated Double wall pipe with CFRP Flex support

Introduction of Aerogel Insulation
(ORYZAX[X[EEam)
. ROBVERER

— Smallouter pipe

. BNTEKIERE

— OB ERDMLE ™.

RIS D HETHIES _ \—A

. Low dust 4 b
L

KT L—RA .
A E BEH RRIEDHDHETNES
,ASTM C1728ICTHRED CTTRMEH

Thermal Conductivity comparison

Wim

—s— Oryza-5il-650

o f‘t Cellular

e = _— » — Aerogel ."'_':.'_'.., .
e S i P o = . Glll:l:rgl:ss Perlite 7 -
- S L L o e gl Mineral Wool |:1 D‘DT} Mineral Wool || Glass {gﬂT)
— = — AES wool (EHT-}I

HAEGANG HI-TECH
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{ Insulated Double wall pipe with CFRP Flex support

(CFRPHR— & WE DFE)
- Divinycell CY100 ¥ (XEZ%H
cBEE1~2mm

CFRP Flex Support
with heat insulator

LNG(-163°C)

—
CFRP support®OFEHET R b ROEEE
iBETADM :-170°C Value
;’J’;(T . Components W/m/K) Remark
o [ifEN/m) :170.7 .CFRP : 6.0
CFRP Support < 3.0 "GERP : 1.0
EfRA4S < 0.036
(Divinycell CY100)
Stainless Steel 20 ~ 26

HAEGANG HI-TECH
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Vacuum test
. Liquified Nitrogen(-190°C)

CFRPIJL YU RAYR—IMAFZEShTHL
“EE/NA TORAICEN OGN &

HAEGANG HI-TECH
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Attachment : list of Insulated Double wall pipes

No. WE HMES Remark
Pipe Wi &t D B X
1 25A 25mm 100A
2 40A 25mm 100A
3 50A 25mm 125A
4 65A 25mm 150A
5 80A 25mm 150A
6 100A 30mm 200A
7 150A 45mm 250A
8 200A 45mm 300A
9 250A 45mm 400A
10 300A 45mm 450A
11 350A 45mm 450A
12 400A 45mm 500A
13 450A 45mm 550A

HAEGANG HI-TECH
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HAEGANG HI-TECH ; IR sk
CFRP Flex Support > Y IR Y — F DIFiE

Mold Laying Carbon Vacuum
/Glass fibers application

Preparation

I_ Male/Female Hot Pressing NDT Cutting /
Mold with pressure (A-Scan) Painting

HAEGANG HI-TECH
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HAEGANG HI-TECH

CFRP Flex Support
| ERSERER (FESHRER 150,000 cycle EHEE, (B )

[EfE R {EE

Ll T
o 50000

T T T
100000 150000
EBlapsed Cydes (Cydes)

== Displacement:Mawmum (Mm) == Displacement:Minimum (mm)
—t— Displacement:Average (mm)

< &5 EER 150,000 cycles >

90

200000

ra
w
o
o

<
:§::‘

15001

10007

Compressive load (N)

S
¥ +

Compressive extension (mm)

<EfEBEBR (RFHERE I EiE)>

Specimen |  Measirement Befor&i:ﬂgue AfterT ;a;rigue C\l;:lrglge g?én(?i
i Thickness (mm) 822 815 007 085
Weight (g) 63734 9 63708 | 003 004
00 Thickness (mm) 821 817 004 049
Weight (g) 62410 7 62400 9 001 002
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CFRP Flex Support

EfEHER SE

| EREHEREE (EHER 150,000 cycle =i, BT )

0° compression test

90° compression test

Remarks

il

105.6 N/mm

178.7 N/mm

BABE=d

90 7j¢t

Z2ArE=d

2500

hJ
(=]
(=]
=]

150071

10001

Compressive load (N)

5001 - s

vvvvvvvvvvvvvvvv

Compressive load (N)

4 " 6 7 8 9 10 11 12

Compressive extension (mm)
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CFRP Flex Support
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HAEGANG HI-TECH

CFRP Flex Support TR R IR REAH / $55F & KGR

[ DNV 1% Z B E Double Wall Pipe CFRP Flex support ]

DNV

VERIFICATION STATEMENT —
FOR DOUBLE WALL PIPE CFRP FLEX SUPPORT

Valid for products not subject to DNV classification requirements

Particulars of Product of Product

Praject Mame: Double Wall Pipa CFRP FLEX Support
Type designation: HG-DWP-100/150A

Application/context:

ID/SerialTag Mo.: HG-CFRP FLEX SUPPORT-100150A
The product is intended for:

Requirements are based on: Applicant Reguirement

Dewiations and limitaticns, if any, are stated @ page 2 cnwards.

Particulars of vendor and Purchaser

Vendor: Haegang Hi-Tech Co. Ltd.
Vendor reference: 10625262

Purchaser:

Purchaser referance:

DNVEAZREHWRADRMICHTT S
REIAE

lz=tied al Busan on 2022-08-08

for DNV &R 1 2EEE(CFRPYF—F)

Digsially signed by Lee,
Hi Nkm

R [labe- 2022 08,08 W%].OOA/%{SE:].E)OA

TEET 3a+0F00

¥i Mun Lea
Surveyor
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MAN Energy Solutions MA N
Info. No._: ltem Mame: Iltem Id.:
373992 Pipe Support 2734603-6
Scale: Size: §Product Type: Projection: | Page No.:
A4 Double wall piping flex support 12 (12)
Date Des. Chk. AC. Revision Change Chg. Not. | Rev.
20200701 |NCHA | ZANA | Z4 | HaeGang contact information updated, electrolytic polishing 12

5 List of flex support suppliers

design and for which MANMN ES has no objection.
documentation as mentioned throughout this document.

Contact relevant flex support supplier for detailed information about their product.

Table 7: Flex support suppliers

Company Contact
AF Pipe Solutions info@afpipes.com
e T e e e e TR B —
‘ HaelGan haegan hghitech.co_ kr
ung-Woo Ene sales{@cryogen.co kr
Sung Moon sungmoon@star-moon.co.kr
Sungil salesi@sungilfa.co.kr

Table 7 lists flex support suppliers that has presented satisfactory documentation of their flex support

New or updated flex support designs, by these suppliers, should be delivered together with technical

HAEGANG HI-TECH
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PIPING ISO DRAWING : &Mt 4ERE

MANUFACTURE DRAWING : *—h—{ERk




Pipe Stress Analysis
(CAESARII)

ISO Drawings for Fabrication

Pipe Spool Drawings

Pipe Spool (WSD)

pa BPENOI LI R ETE
| HG+HPDP-PASC001(INNER PIPE 404)

e TYPENOI 2IW B2 SIS
| HG-HPDP-OP-50001(OUTER PIPE 1004} |

e
L]

FOR FABRICATION

HAEGANG HI-TECH
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Reference List

ORDER DATE SHIP OWNER CUSTOMER TYPE ITEM CLASS PROJECT | MATERIAL REMARK
2024.06 EVERGREEN SHI Lo ek DOUBLE WALL PIPE ABS SN2670 | sus3ieL
2024.06 EVERGREEN SHI Lo e DOUBLE WALL PIPE ABS SN2671 | sus3teL
2024.06 EVERGREEN SHI Lo Nek DOUBLE WALL PIPE ABS SN2672 | sus3teL
2024.06 EVERGREEN SHI Jos00 T DOUBLE WALL PIPE ABS SN2673 | sus3ieL
2024.06 EVERGREEN SHI Lo Nek DOUBLE WALL PIPE ABS SN2674 | sus3teL
2024.06 EVERGREEN SHI Lo DOUBLE WALL PIPE ABS SN2675 | sus3ieL
2024.06 EVERGREEN SHI Lo Nek DOUBLE WALL PIPE NK SN2676 | sus3ieL
2024.06 EVERGREEN SHI Lo DOUBLE WALL PIPE NK SN2677 | sus3teL
2024.06 EVERGREEN SHI Jo00 I DOUBLE WALL PIPE NK SN2678 | sus3ieL
2024.06 EVERGREEN SHI Lo DOUBLE WALL PIPE NK SN2679 | sus3ieL
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Reference List

ORDER DATE SHIP OWNER CUSTOMER TYPE ITEM CLASS | PROJECT | MATERIAL |  REMARK
2024.06 EVERGREEN SHI Lo ek DOUBLE WALL PIPE NK SN2680 | SUS316L
2024.06 EVERGREEN SHI Lo e DOUBLE WALL PIPE NK SN2681 | SUS316L
2024.06 EVERGREEN SHI Lo Nek DOUBLE WALL PIPE LR SN2682 | SUS316L
2024.06 EVERGREEN SHI Jos90 T DOUBLE WALL PIPE LR SN2683 | SUS316L
2024.06 EVERGREEN SHI Lo Nek DOUBLE WALL PIPE LR SN2684 | SUS316L
2024.06 EVERGREEN SHI Jo00 DOUBLE WALL PIPE LR SN2685 | SUS316L
2024.02 QATAR MKC HANWHA OCEAN 174K LNGC DOUBLE WALL PIPE ABS H2566 | SUS316L
2024.02 QATAR MKC HANWHA OCEAN 174K LNGC DOUBLE WALL PIPE ABS H2567 | SUS316L
2024.02 QATAR MKC HANWHA OCEAN 174K LNGC DOUBLE WALL PIPE ABS H2568 | SUS316L
2024.02 QATAR MKC HANWHA OCEAN 174K LNGC DOUBLE WALL PIPE ABS H2569 | SUS316L
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Reference List

ORDER DATE SHIP OWNER CUSTOMER TYPE ITEM CLASS | PROJECT | MATERIAL |  REMARK
2024.01 COOPERATION | HANWHA OCEAN L Nek DOUBLE WALL PIPE DNV Hazgs | OUPLEX
2024.01 COOPERATION | HANWHA OCEAN i DOUBLE WALL PIPE DNV Hazgo | SPLSY
2024.01 COOPERATION | HANWHA OCEAN L Nk DOUBLE WALL PIPE DNV Hasgo | OPLEX
2024.01 COOPERATION | HANWHA OCEAN Jo000 DOUBLE WALL PIPE DNV Hasor | DUPLEX
2024.01 COOPERATION | HANWHA OCEAN L Nek DOUBLE WALL PIPE DNV Hazo2 | OLPLX
2024.01 COOPERATION | HANWHA OCEAN J&000 B DOUBLE WALL PIPE DNV Hazos | DUPLEX
2023.12 LIBERIA SHI 174K LNGC DOUBLEWALL PIPE | LR/KR | SN2631 | SuS304L
2023.12 LIBERIA SHI 174K LNGC DOUBLEWALLPIPE | LR/KR | SN2632 | SUS304L
2023.12 LIBERIA SHI 174K LNGC DOUBLEWALLPIPE | LR/KR | SN2633 | SUS304L
2023.12 HKMC Young Kwang DOUBLE WALL PIPE KR HK2202 | SUS316L




Reference List

ORDER DATE SHIP OWNER CUSTOMER TYPE ITEM CLASS PROJECT MATERIAL REMARK
2023.09 EPS SHI 88K LPGC DOUBLE WALL PIPE LR SN2649 SUS304L
2023.09 EPS SHI 88K LPGC DOUBLE WALL PIPE LR SN2650 SUS304L
2023.09 H-LINE SHI 174K LNG DOUBLE WALL PIPE ABS/KR SN2607 SUS316L
2023.09 H-LINE SHI 174K LNG DOUBLE WALL PIPE ABS/KR SN2608 SuUS316L
2023.09 H-LINE SHI 174K LNG DOUBLE WALL PIPE ABS/KR SN2609 SUS316L
2023.09 H-LINE SHI 174K LNG DOUBLE WALL PIPE ABS/KR SN2610 SUS316L
2023.09 MsC HHI 7,900 TEU CONTAINER | DOUBLE WALL PIPE DNV H3364 SUS316L
2023.09 MsC HHI 7,900 TEU CONTAINER | DOUBLE WALL PIPE DNV H3365 SuUs316L
2023.09 MsC HHI 7,900 TEU CONTAINER | DOUBLE WALL PIPE DNV H3366 SUS316L
2023.09 MsC HHI 7,900 TEU CONTAINER | DOUBLE WALL PIPE DNV H3367 SUS316L
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Reference List

ORDER DATE SHIP OWNER CUSTOMER TYPE ITEM CLASS PROJECT | MATERIAL REMARK
2023.09 MSC HHI Cg?\lglg-\;rlng DOUBLE WALL PIPE DNV H3368 Sus316L
2023.09 MSC HHI o0 TEL DOUBLE WALL PIPE DNV H3369 sus316L
2023.07 K.CG SAMWONSHIP 3.9K LNGC DOUBLE WALL PIPE KR SWN-0284 | SUS316L
2023.07 K.CG SAMWONSHIP 3.9K LNGC DOUBLE WALL PIPE KR SWN-0285 | SUS316L
2023.07 K.CG SAMWONSHIP 3.9K LNGC DOUBLE WALL PIPE KR SWN-0286 | SUS316L
2023.05 EPITOME HANWHA OCEAN 12000 T DOUBLE WALL PIPE LR Hazgs | DUPLEX
2023.05 EPITOME HANWHA OCEAN Lo ek DOUBLE WALL PIPE LR H4385 i
2023.05 EPITOME HANWHA OCEAN 12000 T DOUBLE WALL PIPE LR Hasge | OUPLEX
2023.05 EPITOME HANWHA OCEAN 12000 T DOUBLE WALL PIPE DNV H4387 oupLEX
2023.04 QATAR SHI 174K LNG DOUBLE WALL PIPE | ABS/KR | SN2602 | SUS316L
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ORDER DATE SHIP OWNER CUSTOMER TYPE ITEM CLASS PROJECT MATERIAL REMARK
2023.04 QATAR SHI 174K LNG DOUBLE WALL PIPE BV/KR SN2603 SUS316L
2023.04 QATAR SHI 174K LNG DOUBLE WALL PIPE ABS/KR SN2611 SUS316L
2023.04 QATAR SHI 174K LNG DOUBLE WALL PIPE ABS/KR SN2612 SUS316L
2022.11 Petrobras DSME FPSO DOUBLE WALL PIPE ABS P6064 SUS316L

DOUBLE WALL PIPE
2022.07 KCG MIRAEYARD Special purpose VSL VACUUM INSULATED KR MRS106 SUS316L
PIPE
DOUBLE WALL PIPE
2022.07 KCG MIRAEYARD Special purpose VSL VACUUM INSULATED KR MRS107 SuUSs316L
PIPE
DOUBLE WALL PIPE
2022.07 KCG MIRAEYARD Special purpose VSL VACUUM INSULATED KR MRS108 SUS316L
PIPE
DUPLEX
2022.04 Tsakos DAEHAN SHIP 115K TANKER DOUBLE WALL PIPE DNV HN5081 SUS316L
DUPLEX
2022.04 Tsakos DAEHAN SHIP 115K TANKER DOUBLE WALL PIPE DNV HN5082 SUS316L
DUPLEX
2022.04 Tsakos DAEHAN SHIP 115K TANKER DOUBLE WALL PIPE DNV HN5083 SUS316L
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DUPLEX
2022.04 Tsakos DAEHAN SHIP 115K TANKER DOUBLE WALL PIPE DNV HN5084 SUS316L
2022.05 GyeongSang DAESUN SHIP LNGC DOUBLE WALL PIPE KR SB644 SuUS316L
University
2022.08 SINGAPORE RITA SHIPYARD Hydrographic VSL DOUBLE WALL PIPE BV P6747 SUS316L
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