HAEGANG HI-TECH
CFRP Flex Support

LNG Fuel Transfer Mo
N4t

2E R EM T
CFRPHHR— k


http://www.hghitech.co.kr/

Hae Gang HI-Tech

1£Fr 2F, 63, Garisae 3—ro, Gangseo—gu, Busan, Korea
HH %8 B 144
-EXIE: 24

- B AiTER: 644

-FRERR: 24

-¥87%- NE AR 244

- B REE - 24

-BLER: 10AGREEBSEEEZED)

TimgiihmiE  3,300m

- 1ISO 9001, ISO 14001, ISO 45001
TR E.eE - WWA(Welding Workshop Approval ;8 T155827%E): DNVIZ K 552%FE
ALEAS " FLJE S - WPS(Welding Procedure Specification :i&#=FIE{L#%) for
DUPLEX Pipe : DNV, ABS, LR [Z& 4%F2%E.
. WPS (354 F IEL4E for SUS316L : DNV, ABS, LR, BVIZ & 358%



Hae Gang HI-Tech

HAEGANG HI-TECH



urs AN ===y
Best Louis Hamilton Y
Hotel tBusan SN
|-
—~ = l"- '.
» @ B LIGHT v
: ®
SO =2 E(F)
9 Hae Gang HI-Tech
FERETHOIE o :
9 oy e:-':—.:‘ din Offishiore Korea
kY H R
i '
B
] T 9
TEERS 1001
'G.'f-r
Vel o &
< i R
=iz @
s CHI20E -
a 9 -
S 1001 L=l
.L‘.K % "?Ql,r,___. \\. (= Er=] e
R & ang T.
o? o> e
o <y i
& e Samyoung M To s
i =)= ALD|oH 9 e Ksanda
A BE + A\
< b LAY o 2| =dEEi gy
Sl =z ) i  poe = .
CilAE = h, - =

Location

2F, 63, Garisae 3 -ro, Gangseo-gu, Busan,
Korea (46741)

contact

TEL : (051) 601-8931~3
FAX : (051) 601-8930
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LNG Fuel Supply System

Fuel gas prep.
Room(FGSS Room)

D
=

LNG Fuel Tank

HP Vaporizer for RV/FSRLU __

_._[!_ N _ﬂ_

HP Vaporizer

AR S 7 E T 2B 2 &N TE B & O K
Iyro—Yy—so TSN ZTNIERD &
T Ao
. Amendment to IGF Code, Resolution MSC. 458 (101)
adopted on 14 June 2019
—2024 £ 1 A1 HURC@gEsSnMAcEHsn 3

LNG : Liquified Natural Gas, -163 °C
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HiR— FERDERE

1.5 4 Fs3— : (Stainless steel 316L)
AELCFRPYFR—bZHAM F—ZHVWTEELET,

CFRPAEREDFEALBICITFIL FIRNEHL L W -HERETEEKX
2. SUS316E DR &y FERIFRUFy FEZRAWTEIE LY THDITITET,

Guide bar Assembly

3. RN bEFY MEZYy VBETEELEXY,

CFRP Flex Support with Guide bar

NTPYYJER
(GFRP 3mm) =~

Ry FFIL b

JL—AEB(CFRP)

+v b

A EIN=
(Stainless steel)
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[ MAN #7354 % —UX+ 7Ly o 2247 $F—k }
MAN Energy Solutions Bl 4 B
Info. No 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 Ch.lnﬂu ﬂha 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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( "D" shipyard, BW LNG Carrier, 2011)
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| B (BEEREY  BELA TYR— b EAHHBCFRPY R b ‘
247 BES A TY R ~H VHBICFRPY F— b

» X-DF engine —

- Generator — g N\
goiler t (r)) @

AR

St Z257FY LR CFRP / GFRP
R - 140 N/mmIL Lt
HFARZEN BRAX 1 mm RBX. 6 mm

" . JE$ZEfE 1 mm FEIz
EREBOEH B F— b ORE : BF) B F— ORE : BB L)
=n o 4 o -4 =N N 395']\1’{—1‘:%?9%3.[‘55
RERN—R BANRAN=RICbREAIHE A 100A/A E150A IS

S KEn -3 S A %%t:'f YR I" —)I/1,F¥
o5 BERREARET 3 BERE QTS L

* {EEECE (10 - 20 bar) :
WAEMESA 2 2% for ME-GA, X-DF dual fuel engine, Generators, Boilers 15
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CFRP Flex Support 1&&@&%

BEZATYR—

GAP : Tmm
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Fixed welding support

o
28 (81%) ; A

IN./OUT. FIX SUPPORT

(Field welding)

v

-

AT VHBICFRPY R — b

No metal to metal contact | —ccmoommmm

in Hazardous zone 1
(MANHA F54 )

[EEYF—FRRE |

CFRP Flex Support

CFRP Flex Support

(Field welding) 16
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SERE

CFP Flex Support

HEREERE") SFRA THKR—F & AHUHECFRPHR— b+ }
0 5 an s g MAN ES
= 7™ S I'l A e > S —
247 SFHA TR~} ~3 VR BICFRPY H— b A BS54
( \5 . Spring Support
s NS HLLIE
. CFRP Support
. Brace : Stainless Steel . Carbon Fibre Reinforced Plastic .
. Bearing : Engineering Plastic . Glass Fibre Reinforced Plastic Stag\ Ifsz ‘s.;eel
=M *. Carbon Fibre : CERP
10 times stronger than steel
A 70 N/mm 100 N/mm 60 N/mm LA E
BRE K. 6mm &K. 8mm K. 6mm
AVR=N 0° / 90°, 45°/135° REAEICHIERLR L BEDLE
EEAB DA FEHE R FEHE R
yo = a BEHRBR 155 RH R 50 &
T (150,000 cycle) (100,000 cycle)
B EEH -90 °C ~ + 60°C -100 °C ~ + 60°C -90 °C ~ + 60°C
* =SEEE (330bar or more) :
BARMEISH 2 EE for MAN dual fuel engines 17
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Insulated Double wall pipe

Specification of Insulated DWP with CFRP Flex support

AR LNG(-163°C)
B S Aerogel ORYZA SIL 650 Y.id [F1% 5,
£ X (mm) 25 ~ 45
DWP # 4 X As required(refer to the attachment)
it # A
TR ZEE S SIAE (D)
IN—TINA T
‘ LNG(-163°C) —>
T35 T HHT e

H1Y; T B

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

et )
(CFRP# & — b £ HE D H)
. Divinycell CY100ZiJ [A145
JEE 1 ~ 2 mm

CFRP Flex Support
with heat insulator

LNG(-163°C)

O el ¥: 3
CFRP support® FE## 5 A b
e BT AP : -170 °C Value
N 1709 Components (W/m/K) Remark
L CFRP Support <30  -CFRP:60
PP : .GFRP : 1.0
Wi b < 0.036

(Divinycell CY100)

Stainless Steel 20 ~ 26
HAEGANG HI-TECH
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pipe with CFRP Flex support

-170°CTCDCFRP # £ — + O EHERER

Tel +82-55-639-5000, Fax +82-55-639-5050

: Korea Marine Equipment Report No, o
i 2 @ Research Institute KOMERI-0110-22T2292(E) Marine Equipment
— 2136, Gbi 4-gil Yeoncho-myeon, Gaoje-sl, Gyeongsangnam-do 53207, Repubil of Korea e e Research Institute

e L\t

14 TEST RESULT

- Test result is in Table 1-1 ~ Table 1-3 Test Result’

Spceimen

Table 1-1 Test Result_+60 C
s Set Angle |Load at 2 mm | Load at 4 mm | Load at 6 mm Stiffness
5 ") a (N) &) (kN/m)
1 0 5558 7786 9673 1612

Table 1-2 Test Result_-90 °C

Crspma Set Angle |Load at 2 mm | Load at 4 mm | Load at 6 mm Stiffness
i ¢ ) o o (kN/m)

1 0 6402 8861 10828 1805

-90 °C . -170 C

Table 1-3 Test Result_-170 C

¥

CRARAR Set Angle |Load at 2 mm | Load at 4 mm | Load at 6 mm Stiffness
P ) ) ) ) (<N/m)
I} o] 5698 8408 10241 1707

HAEGANG HI-TECH



Vacuum test
. Liquified Nitrogen(-190°C)

CFRP 7L v 2 A4 R— b REKEIN TV B
FBENATORHEICHENOMN LN &

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

Introduction of Aerogel Insulation
(ORYZA X (4 [F]55 i)
- SR ARE Ty & 2
— Small outer pipe
. B foEK R
— KORANEFEOWIE
RN B 2 2oL ARG
. Low dust
K7 L — FA
T A & R
LASTM C17281 ko TT AMiEH

Thermal Conductivity comparison

Glass Fiber (60T)

Aerogel (20T)
£ o :
H
s —e— Oryza-Sil-650
. ___—"_." e - » - Aerogel ;_.. e
e s e g ) __.__,_.-'--'"""'_J.J — « — Cellular glass ~"-i_$"_'. "l_..,-':":-"-'-.. % L5 >
S e s e ) Mineral Wool Perlite 71 S =R Cellular
- « — AES wool (1 ﬂ'UT} Miﬁeral WDBI i GIESS (QHT)
0 0% 50 0 300 3sa ADD {EDT)

Temperature "C

HAEGANG HI-TECH




Attachment : List of Insulated Double wall pipes

No. 3 Y Remark
Pipe W # bt D JE =
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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crre rlox support T AL B R—F O

Laying Carbon Vacuum
/Glass fibers application

Mold %
Preparation

I_ Male/Female Hot Pressing
Mold with pressure

NDT Cutting /

(A-Scan) Painting




HAEGANG HI-TECH

CFRP Flex Support E'ﬁﬁé—ﬁgﬁ 1&&

[Eﬂi%ﬁ%ﬁﬁ% ( HES55ER 150,000 cycle EHEE, B ) ]

4

1=

Je—

T ¥ T T
50000 100000 150000
Blapsed Cydes (Cydes)

= Displacement:Mawmum (mm) === Displacement:Minimum (mm)
wmpum Displacement:Average (mm)

< JEF 8B 150,000 cycles >

200000

<
:§=:‘

Compressive load (N)
= b7
8 S
AL . J

b
-

o

Compressive extension (mm)

<EREBER (BB I RifE)>

Speciin | Measiremizt Beforgeiiﬁgue AﬂerT ;a;figue C\t;:lr:lge lgahtaen(?f;
g Thickness (mm) 822 815 007 085
Weight (g) 637349 63708 | 003 004
00 Thickness (mm) 82l 817 004 049
Weight (g) 62410 7 62400 9 001 002
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CFRP Flex Support

| EREEBRER (3 HER 150,000 cycle THEE, BT )

0° compression test

90° compression test

Remarks

il

105.6 N/mm

178.7 N/mm

BAts=d

90 7j¢t

2500

hJ
(=]
=]
(=]

150071

10001

Compressive load (N)

50071 T

||||||||||||||||

Compressive load (N)
2
o

4 " 6 7 8 9 10 11 12

Compressive extension (mm)
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CFRP Flex Support
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Crre rros suppor PR ELPREL V] | HERFEARER

[ DNV #2882 Double Wall Pipe CFRP Flex support ]

DNV

VERIFICATION STATEMENT i
FOR DOUBLE WALL PIPE CFRP FLEX SUPPORT

Valid for products not subject to DNV classification requirements

Particulars of Product of Product

Praject Marme: Doubla Wall Pips CFRP FLEX Support
Type designation: HG-DWP-100/150A

Application/context:

ID¥SerialTag No.: HG-CFRP FLEX SUPPORT-100/150A
The product ks interded for

Requiremenls are based on: Applicant Reguirement

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

Particulars of vendor and Purchaser

endor: Hasnang Hi-Tech Co. Lid.
Vandor reference: 10629262

Purchaser:

Purchaser referance:

DNVAREHHRRADRMICHT S
REAE

l==tied al Busan on 2022-08-08

for DNV &R 1 2EEE(CFRPYF—F)

Digraily signed by Lee,
i

Formvies Lo e 57000 W%].OOA/“% 150A

TEET a+0FE00

¥i Mun Lea
Survenor
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mn SRS/ 55T S EE

MAN Energy Solutions MAN
Info. No.: [tem Name: Item Id.:
373992 Pipe Support 2734603-6
Scale: Size: | Product Type: Projection: | Page No.:
A4 Double wall piping flex support =&| 12012
Date Des. Chik. AC. Revision Change Chg. Mot | Rev,
20200701 |NCHA | ZANA | 74 | HaeGang contact information updated, electrolytic polishing 12

5 List of flex support suppliers

Table 7 lists flex support suppliers that has presented satisfactory documentation of their flex support
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 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
HaelGan haegan hghitech.co.kr
ung-VWoo Ene sales(@cryogen.co_kr
Sung Moon sungmoon@star-moon.co kr
Sungil sales@sungilfa.co. kr

HAEGANG HI-TECH
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HAEGANG HI-TECH
CFRP Flex Support

ISO DRAWING : A—H—4{ERk

PIPING I1SO DRAWING : &#FrteiE R

O ey
P
o
“| maces il B S T e
—— = T T
v vl B =] |-

MANUFACTURE DRAWING : A—h—4{ERK
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Pipe Stress Analysis
(CAESARI)

ISO Drawings for Fabrication

Pipe Spool Drawings

Pipe Spool (WSD)

S TPENELL Y 03

HG-HPDP-IPAS0001(INNER PIPE 404) |

CTYPENO 9% S §XIS
| HG-HPDP-0PISC0D1(CUTER PIPE 100A)

HAEGANG HI-TECH
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HaeGang Hi-Tec
Reference List for Double wall pipe

(with CFRP Flex Support)


http://www.hghitech.co.kr/

Reference List for Double wall pipe w/ CFRP Flex Support

Shipyard

Daehan
Shipbuilding
(DHSC)

Daewoo
Shipbuilding
(DSME)

Samsung
Heavy
Industries

Daewoo
Shipbuilding
(DSME)

Tsakos

Petrobras

QatarGas

EPITOME

115K COT

FPSO

LNG Carrier

Container
ship

DNV

ABS

ABS

LR

Double wall pipe size

(Inner/Outer pipe)

» 25A/100A(HP)

. 350 bar/190 bar
. Duplex/SUS316L
* 50A/100A(LP)

* 100/150A(LP)
.SUS316L/SUS316L

+ 80A/150A(LP)
* 100A/200A(LP)
. 10 bar/10 bar

. SUS316L/SUS316L

- 80A/125A(LP)
- 125A/200A(LP)
- 125A/250A(LP)
- 250A/350A(LP)

. SUS316L/SUS316L

* 65A/150A(HP)
. 350bar/190bar

. Duplex/SUS316L
+ 80A/125A(LP)
* 65A/150A(LP)

. SUS316L/SUS316L

Delivery
of
DWP

2022,
12

2023.

2023.
10

2023.
11

HAEGANG HI-TECH



Reference List for Double wall pipe w/ CFRP Flex Support

Shipyard

HD Hyundai
Heavy Ind.

Daesun
Shipbuilding

Mirae
Shipyard

Rita Ocean
Shipyard

MSC

GyeongSang
University

Korea Coast
Guard

MPA
(Singapore)

7,900 TEU
Container carrier

Training VSL

Special purpose
VSL

Hydrographic
VSL

Double wall pipe size
(Inner/Outer pipe)

* 65A/150A(HP)
. 350bar/190bar
. SUS316L
» 80A/125A(LP)
» 65A/125(LP)
. SUS316L/SUS316L

DNV

» 80A/150A(LP)
KR . 10 bar/10 bar
.SUS316L/SUS316L

* 50A/100A(LP)
. 10 bar/10 bar
KR .SUS316L/SUS316L
. Vacuum insulated
DWP for LNG

* 50A/100A(LP)
BV . 10 bar/10 bar
.SUS316L/SUS316L

Delivery
of
DWP

2023.10

2022.

10

2022,

2022.

HAEGANG HI-TECH



Reference List for Double wall pipe w/ CFRP Flex Support

. Double wall pipe size Delivery
Shipyard (Inner/Outer pipe) of
DWP
Korean
S Government Fisherv Patrol
9 e (Ministries of i Al 3 KR 80A/125A 2023.11
vy Ind. Ocean and P
Fisheries)
» 80A/125A(LP)
Samsung * 125A/200A(LP)
10 Heavy H-Line LNG Carrier 4 LR * 125A/250A(LP) 2023.12
Industries » 250A/350A(LP)
. SUS316L/SUS316L

HAEGANG HI-TECH
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