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the safe, efficient development of hydrogen piping connectors.

Key words : Hydrogen pipe(4=2 b ), Finite element analysis({5t2 A5 A),
Connector(Z 4 X), Structural integrity(ft X OtH ),
Sealing performance(7|Y A5)

1. M & E2 % dxzet 5, Vled, A Ad 5 HE
T okl iRt Sl FAE Sl HasH

4, v, 42 5 FR A= AT e 25 SIS vk diddls 4] 2050 '
= HEER ] flote] ditoldAE A HEA AR E S e FAE v
HgOo 2 eaE AAbelal ofF ARl ko] dX W Ao R SASIL EAIRL SR H@ady A%
28 AT A Flel AR Rz} 50l = S 7RSSR of Atk A F840] S A=
gota Aok FAHCRE 8 AE, FFT S, HE Aol ol A, A A 55 LA

224
2025 The Korean Hydrogen and New Energy Society. All rights reserved.


https://crossmark.crossref.org/dialog/?doi=10.7316/JHNE.2025.36.3.224&domain=https://journal.hydrogen.or.kr/&uri_scheme=http:&cm_version=v1.5

%
B
rir
=
i
2
1o
=
>
2
°E
i
o,
N
Jr
ol
ok
H
JHU
ol
ol

7147 djgto] a7EL

o W) Beloln fete -

B4 flexible Wgte] Qle] £5 oick

% flexible HZHe A4 47} 2 Folge] A7

ARV OG-S AR S U FF A B 2
S

= 7hask 4 glrke Aol 2A1ETh et of

o5k Aol Bt v Feolut 40 o
o vt $EE A9 BW s AT 2 A B
AL AT S onE FEAe TR Qg
AR Shas} Beaolh B3] Sak 24t 27)
R X SR - ECERE R RS
o} L= F AMg B0 uel A1A wsht A4
AL WA S gonEd Bamel Lax oy
3} TS Beoln AnaoR AFsh
.

W2 0@ & o o ok Mo 1 N K

oL oo > o

& ol

_/;\_635]01 et glass fiber re-
inforced plastic (GFRP) & o] o] =}
)5} 7|Hko g Lz oFHA 7}st 4Y, GERP
=37 2QlE0] w9 4

ox O
oh. N
o -

LT g (M

_l
S

(finite element analysis, FEA)° = & ,
T4 BE WA PR e 2AL Fofst

N
)
Y
oo
1
>1E
i1t
ofl_{
oZ:
olr
tlo
o,
N
o
¢

+
&

N
2

O:
2o
N lI?‘_‘,

oM,

=

2

do

L

=2

=

9

i

N

j{-_l‘

el

[kl

B Borg oo
T\}; o < o fr

P N =
R
4 wo o2
J), ;g do x
oL Er; o o
Jo X Lo ‘1>:
2 5 o F
m 2 &
oX, o 2 e
oo ~
AN lo
ot rix Y
oM. : N
o 2
R X B
)

Vol. 36, No. 3, June 2025

BN

Aol AR

A4

2l e HES) olo] H AT AL

25 AMgHE B AEA ekia g
R

ALAS AU hof &
27 oA FRE 9

vl o = =

o 3
for
N
=)
oZ:
>1E
~L1

p

o
N

tu B
N

>~
o
N
r-\|1_‘
2
Rl
9
oZ
o 1k
>
39,
FIF
ol
;4;
=)
rlok
o,
)
fo
o

o
k1
i)
o
s
-
N
2~
:

2
oX,

>
o
e
o
i
Ho
:oég‘
~N
N
2
0o o

i)

0
FE
2
|o
il
i)
_IP>
rlr
:I:‘
e
;E
L
7 o
24
i
rO
R
P,L

) 21 HHL*—HHJ* o
]

2o H<A(end fitting) 2} % ESEsS
ting) = T T HEf= B
(ends)of] 2= o] ThE Ax|et

Da(cap)dt= S FTE T HEA = v
= QALY =7 ](tee, elbow, reducer 5)5t7] £is}
o 7kA7t BB = FF eiklef] 2 HAX|Hch 2 4
TollA At A uiEg AE5Al= R A
FanolH g HE T o]

Al
o7} nh:} olaldt 1} FollA] 7k & glo] 7

ZH(mld line fit-
HE ujah wohe
AZeAL W

>~1

7t ot 71z A

o) U

gRstofof sk o5 $sf

7kA 7 (gasket) A W 9 &(O-ring) XY S

Grog AT AUEL Yok EY Sak 34 2
4 34

3 R AR A I &

ORI

'}—\-70]-9 ]’] ?é]

EdE 141 ?J 70*01‘/} g2

2, ek W S 0 A 4

Journal of Hydrogen and New Energy <<



N
N
o~
30
o
0
A
=
o
fo
0
_O'E
)
>
=
i
0lo
it}
Z
O
=
%
&
N

A =0 T Lo o

L]
W] AEHL glow H4a) EHS nEe) 9
o 29 5 A 7l EEAL Qi o] & ¢t
oM HEEAQL J1ot B AQF 2 HStol A= A
SR AAF7E A gkal 24 e A
% ol 47, AT 2 AT W 5 FREe
2 zAkR)
21 Hg 2

ditrl o fa wits HYES de 7194, W
o, HE 7], ¥4 33 2 IS ade SHAL
2 el olgist AT ARRS %] 9lstol
71&ol VhAbE SRHAY Fo|H-Hlolw g2 3,
A9 A 5 e Wlo] ATEolt A4
A dRelME ZA Al 7HA] e WA A7) &
b wgo] e AJEaL Qlek A WA A 4
(welded joint)}: %%Z] ZE A|4(flange joint)©]

S AT v g ‘%‘% SR8l dAS}et=
Aoz FdAgat =7t &5} HES
o]7] HsfiAl= B A|(stress relief) Lt A|ghax FH

I
% A 5 F7h 3ol Beaos aH v

H.HN oE’:—VrL

oA

we
e

2&'

Table 1. Features of various pipe jointing methods
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Method

Features

« Convenient installation and maintenance (no welding required - easy to handle)

Thread fitting |* Minimal thermal impact (no welding - no change in material properties)

» Limited use in high-temperature/high-pressure environments (requires reliable sealing at threaded section)

Taper-taper
adhesive joint

* Excellent stress distribution (increased bonding area on the tapered surface - reduced local stress)
* Lightweight and high-strength design (less weight and improved performance compared to mechanical fastening)
» Complex manufacturing process (requires precise machining, adhesive application, and strict condition control)

Laminated
joint

» Easy fabrication and repair (simple joint surface geometry, no need for extensive machining)
» Minimal damage to the components (no cutting or overlapping of existing parts, ensures structural integrity)
* Increased thickness and surface treatment issues (possible flatness issues, additional post-processing required)

Rubber seal or
key lock joint

* Simple construction and maintenance (no extra process required - easy disassembly and reassembly)
* Cost-effective (lower material and installation costs than welding or flangeed joints)
* Potential deterioration and limited service life (hardening or cracking of rubber material)

* Easy Installation (sealing by inserting spigot into socket, minimal tools needed)

ket
Soic j .a?ri « Flexible connection (rubber gasket acts as an elastic medium, absorbing impact, vibration, etc.)
SPIgotJo * Limited application for high-pressure/high-temp (risk of hardening or cracking potential degradation over time)
* Adjustable strength and fastening force (controllable torque - ensuring tension/shear strength)
Bolt joint |+ Minimal damage and reusability (little damage to the components upon disassembly)

* Risk of loosening at fastening points (bolts/nuts may loosen under vibration or impact)
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Fig. 2. FEA model of mid-line fitting connector
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Table 2. Parts of end fitting connector and materials

No. Part name Material
1 Inner pipe HDPE
2 Outer pipe GFRP
3 End coupler cover AL2024
4 End coupler inner core S45C
5 Elastomer 1 EPDM
6 Elastomer 2 UR
7 Gap spacer 1 AL2024
8 Gap spacer 2 AL2024
9 Gap spacer 3 AL2024
10 Elastomer 3 UR
11 Elastomer 4 EPDM
12 Collet AL2024
13 End coupler inner AL2024
14 End coupler body AL2024
15 Washer SCM435
16 Bolt SCM435

Table 3. Parts of mid-line fitting connector and materials

No. Part name Material
1 Inner pipe HDPE
2 Outer pipe GFRP
3 Mid coupler cover AL2024
4 Collet AL2024
5 Elastomer 1 EPDM
6 Elastomer 2 EPDM
7 Elastomer 3 EPDM
8 Mid coupler inner core AL2024
inforced plastic (FRP) &4 HA| 4§ wjx]Z, FA
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Fig. 4. Re-model of mid-line fitting connector

1A} general contact 7S Hostglom o
contact HHA1S A83lo] HE=Ho] AR TEE AL Table 5. Parts of re-end fitting connector and materials
a 2= AL ¥R|skT HEo] wAEE Ao WAl b No. Part name Material
o2 7%t whejo] gt wak 2glo] 0] 717 : Loner pipe HDPE
2 Fiber reinforced plastic GFRP
3 Outer pipe HDPE
Table 4. Material properties of connector 4 Cover AL2024
A12024-T4 5 Collet AL2024
Young’s modulus 73,100 MPa 6 Inner core 545€C
Poisson’s ratio 033 7 Elastomer (top/bottom) EPDM
345C 8 Inner AL2024
Young’s modulus 205,000 MPa 9 Body AL2024
Poisson’s ratio 0.33
GFRP Table 6. Parts of re-mid line fitting connector and materials
Young’s modulus 36,500 MPa No. Part name Material
Poisson’s ratio 0.24 1 Inner pipe HDPE
HDPE 2 Fiber reinforced plastic GFRP
Young’s modulus 600 MPa 3 Outer pipe HDPE
Poisson’s ratio 0.42 4 Mid coupler cover AL2024
SCM435 5 Collet AL2024
Young’s modulus 210,000 MPa 6 Elastomer EPDM
Poisson’s ratio 0.3 7 Mid coupler inner core AL2024
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Table 7. Results of end connetor by parts (Von-mises stress)

No. Part name Maximum stress (MPa)

1 Inner pipe 26.3
2 FRP 338.0
3 Outer pipe 48.3

4 Cover 3244
5 Collet 3573
6 Inner core 267.9
7 Elastomer (T/B) 34

8 Inner 169.8
9 Body 326.9
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Fig. 8. Results of end connector (contact pressure)

Table 8. Results of end connector elastomer (contact pressure)

No. Part name MaXinzmMr;;))r essure
1 Elastomer 1 (top) 46.0
2 Elastomer 2 (mid top) 39.3
3 Elastomer 3 (mid bottom) 39.9
4 Elastomer 4 (bottom) 43.0
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Fig. 9. Results of mid-line connector (Von-mises stress)

Table 9. Parts of mid line fitting connector by parts (Von-mises
stress)

No. Part name Maximum stress (MPa)
1 Inner pipe 8.2
2 FEP 8.7
3 Outer pipe 225
4 Mid coupler cover 138.8
5 Collet 112.0
6 Elastomer 5.4
7 Mid coupler inner core 102.3

Fig. 10. Results of mid-line connector (contact pressure)

Table 10. Results of mid-line connector elastomer (contact
pressure)

No. Part name Maximum pressure (MPa)
1 Elastomer 1 11.9
2 Elastomer 2 5.7
3 Elastomer 3 5.8
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Fig. 11. Results of end connector (parameter 1)

Table 11. Results of end connector by parts (parameter 1)
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Fig. 12. Results of end connector (parameter 2)

Table 12. Results of end connector by parts (parameter 2)

o, S Maximum value (MPa) - S Maximum value (MPa)
oG P1 0G P2

1 Inner pipe 26.3 26.3 1 Inner pipe 26.3 222
2 FRP 338.0 336.5 2 FRP 336.5 351.8
3 Outer pipe 48.3 47.9 3 Outer pipe 47.9 -

4 Cover 324.4 3244 4 Cover 3244 298.8
5 Collet 3573 356.6 5 Collet 356.6 347.6
6 Inner core 267.9 252.5 6 Inner core 252.5 262.0
7 Elastomer (T/B) 34 34 7 Elastomer (T/B) 34 3.1
8 Inner 169.8 219.2 8 Inner 219.2 219.9
9 Body 326.9 326.9 9 Body 326.9 326.9
10 Elastomer 1 46.0 45.6 10 Elastomer 1 45.6 42.6
11 Elastomer 2 393 39.1 11 Elastomer 2 39.1 36.5
12 Elastomer 3 39.9 38.9 12 Elastomer 3 38.9 39.0
13 Elastomer 4 43.0 41.8 13 Elastomer 4 41.8 41.8
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Fig. 13. Results of end connector (parameter 3)

Table 13. Results of end connector by parts (parameter 3)
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Fig. 14. Results of end connector (parameter 4)

Maximum value (MPa) Table 14. Results of end connector by parts (parameter 4)
No. Part name P3 Maximum value (MPa)
oG No. Part name
10 mm {20 mm |30 mm oG P4
1 Inner pipe 263 | 225 21.7 27.7 1 Inner pipe 26.3 259
2 FRP 336.5 | 311.6 | 307.0 | 297.9 2 FRP 336.5 349.3
3 Outer pipe 479 | 39.8 40.1 41.6 3 Outer pipe 47.9 51.2
4 Cover 3244 | 324.8 | 325.0 | 3249 4 Cover 324.4 324.4
5 Collet 356.6 | 342.6 | 343.0 | 346.2 5 Collet 356.6 262.1
6 Inner core 252.5 | 2545 | 254.7 | 2543 6 Inner core 252.5 253.0
7 | Elastomer (T/B) | 3.4 2.7 2.3 22 7 Elastomer (T/B) 34 23
8 Inner 219.2 | 220.3 | 219.7 | 219.2 8 Inner 219.2 220.1
9 Body 3269 | 327.0 | 327.1 | 327.1 9 Body 326.9 326.9
10 Elastomer 1 456 | 44.8 447 | 4438 10 Elastomer 1 45.6 45.6
11 Elastomer 2 39.1 39.1 39.1 39.2 11 Elastomer 2 39.1 39.8
12 Elastomer 3 38.9 40.2 39.6 38.4 12 Elastomer 3 38.9 35.7
13 Elastomer 4 41.8 43.0 43.5 41.3 13 Elastomer 4 41.8 69.7
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Fig. 15. Results of end connector (parameter 5)
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Table 15. Results of end connector by parts (parameter 5)

Maximum value (MPa)
No. Part name P5
oG
Single ring | Double ring
1 Inner pipe 26.3 28.4 253
2 FRP 336.5 2922 3152
3 Outer pipe 47.9 28.7 374
4 Cover 3244 325.6 327.1
5 Collet 356.6 330.3 339.6
6 Inner core 252.5 334.7 359.5
7 |Elastomer (T/B)| 3.4 1.5 14
8 Inner 219.2 246.3 259.3
9 Body 326.9 326.6 326.4
10 Elastomer 1 45.6 47.6 47.6
11 Elastomer 2 39.1 41.7 41.4
12 Elastomer 3 389 11.8 21.1
13 Elastomer 4 41.8 13.3 6.2
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Fig. 16. Results of end connector (parameter 6)
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Table 16. Results of end connector by parts (parameter 6)

Table 17. Results of mid-line connector by parts (parameter 1)

o S Maximum value (MPa) Maximum value (MPa)
oG P6 No. Part name 0G P1
1 Inner pipe 26.3 26.9 4mm | lmm | 2mm | 3 mm
2 FRP 336.5 306.1 1 Inner pipe 8.2 6.4 6.4 6.4
3 Outer pipe 479 30.8 2 FEP 8.7 374 | 451 | 63.6
4 Cover 3244 3254 3 Outer pipe 22.5 8.3 132 | 17.7
5 Collet 356.6 3344 4 | Mid coupler cover | 138.8 | 47.8 | 76.1 | 107.4
6 Inner core 252.5 185.0 5 Collet 112.0 | 223 | 514 | 829
7 Elastomer (T/B) 34 1.0 6 Elastomer 54 5.4 54 54
8 Inner 219.2 - 7 |Mid coupler inner core| 102.3 | 34.1 | 35.1 | 79.2
9 Body 326.9 326.8 8 Elastomer 1 119 | 11.7 | 11.8 | 119
10 Elastomer 1 45.6 13.9 9 Elastomer 2 5.7 5.4 5.5 5.6
11 Elastomer 2 39.1 142 10 Elastomer 3 5.8 5.4 5.5 5.7
12 Elastomer 3 389 12.7
13 Elastomer 4 41.8 13.7 5
= = =

2 o] o] ulgo| Z7he 4 GOvt imer BE
AAR Qlat A2 v]g A Aot BE 55 24
s ol 7|thelck

5.2.2 7t "&EX

5.2.2.1 Cover A28 WA

A WA A Hgol gt S LA = siA
AT} Fig. 17 2 Table 173} 26] 3 mm %2 27|
4] mid coupler coverZ} 107.4 MPa2] Z|tfj Z u|A|A
22 wolrk ol Ul A4 ol % U WeF A%
2fo] Z7}bxjof mid coupler cover $-Jef -2fo] 4
57| tiZolztar Fsigin) EoF 71 A4S Al
o3t B MESS AlEdEo] S| Wt coverd

AF P JEHUE F75te] Seo] AurHOR A

-
.

Fig. 17. Results of mid-line connector (parameter 1)
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Fig. 18. Results of mid-line connector (parameter 2)

Table 18. Results of mid-line connector by parts (parameter 2)

< o g Z{,‘Ea—(}iq— 0]% 7]1?_1-2& 7}
o
=

Maximum value (MPa)

No. Part name (0]€} P2

2.00 | 1.90 | 1.95 | 2.05 | 2.10

1 Inner pipe 8.2 8.1 8.2 8.2 8.2

2 FEP 877 | 877 | 87.7 | 87.7 | 877

3 | Outerpipe | 225 | 225 | 225 | 22.6 | 22.6

g | Midcoupler |20 ol 1380 1389 | 138.8 | 1389
cover

5 Collet | 112.0{112.0 | 112.0 [ 112.0| 112.0

6 Elastomer 5.4 5.8 5.5 5.3 7.5

7 | Mideoupler |y 511024 1023 | 10222 | 102.1

inner core

8 Elastomer 1 119 | 11.7 | 11.5 | 125 | 124

9 Elastomer 2 5.7 4.2 5.0 6.4 8.0

10 | Elastomer 3 58 | 43 5.1 6.6 | 82

Gland fill (%) 81.6 | 73.6 | 77.6 | 85.7 | 90.0

Compressionratio (%)| 12.5 | 7.9 | 103 | 14.6 | 16.7
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