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Design and Implementation of Portable Hydrogen Storage
Cylinders for Hydrogen Fuel Cell

Student : Shao-Yen Liao Advisor : Dr. Chang-Pin Chou

Department of Automation and Precision Engineering
College of Engineering

National Chiao Tung University

ABSTRACT
Traditional ways of power generation such as natural gas, coal,

nuclear and other power generation methods, the resulting pollution can
not be ignored, and the generated carbon dioxide, also produced changes
in the environment, resulting in worsening the greenhouse effect, so how
to reduce carbon dioxide emissions has become a Item difficult issues,
making the fuel cell area for discussion of the direction, so as to promote
the development of hydrogen storage and application of related
technologies, which is to promote hydrogen storage products towards
precision, lightweight, high-quality, high strength-based and

high-capacity and so on trend.

This study investigated the use of aluminum alloy 7075 (Al-Zn-Mg)
as a hydrogen bottle of materials, main features of high strength and
excellent corrosion resistance, while use of tungsten inert gas arc welding
(GTWA) to fill welding, and Taguchi method aspect ratio, melting area to
get the best parameters and welding conditions of different locations,
while at the solution treatment after welding + artificial aging heat
treatment, for with / without weld metal and welding filler after / no heat



treatment the mechanical properties of tensile, hardness, microstructure

were discussed.

The results in the 3mm thickness of the specimen obtained by
Taguchi method optimal welding parameters, and thus parameters and
then derived from the welding gas cylinder, and finally with the ultimate
style cover welding and hydraulic test results by up to 20Kg / cm?, to
achieve design goals, and by heat treatment after welding, micro-hardness
of the weld, by approximately 43%, tensile strength also raise about 20%,
while by ER5356 welding filler, the overall mechanical properties are

better than not filling weldment.
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05 5~15 5~20 5~20 -
1.0 10~60 15~80 15~80 -
16 50~100 70~150 70~150 10~20
2.4 100~160 | 140~235 150~250 15~30
32 150~210 | 225~325 | 250~400 25~40
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v B B (Quality Characteristic) 4 & %/ #4% (the
smaller-the better : STB) ~ *¥ =< 4 (the larger-the better : LTB)
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(=) # #4541 %1+ (uncontrollable factor ; & fife4 %1+ )

Seg FlF AP AR TR R HES o F1S Avkok R Rk P
g‘ﬁﬁ%d ’ E\;'L/S/;TT ‘Ej;l gr"g- F’!’Jll“ I%'i*’oﬁ: o a-‘g g;]_:j_ /49\ :’ rJ—:‘ FT .

(1)¢r3r32% (external noise)
ERER T IEEARBEDOFT oom FRAE KD B RE CRAE A
B2 A i B X o

(2)p ¥732% (internal noise)

LD

3t

 ARARGDFFL g NI R G B AR

FE S T

Mo

hud
»

(3E =A% E (unit-to-unit variation)
B E- 7 P ABY ERELNEEIF LA N2 BPE
P-oRkoa B R FL PR
(=) ¥ #4171+ (controllable factor)
PERFARGEIARS TR Rip A2 1RGSR {roR o H
AT ERAIL G REAHETHFETISEL R ERFOET) >
FIRAF] S A S T2

(D#=#1%1+ (control factor)
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(2) % 571+ (signal factor)

HEFHFETHEL RFOFF > @ ¥ d R % F A FTHI5DE
g fom kA Aok HEE k0~ ] o
(3)# # %]+ (adjustment factor)

GRBRFEELY I WL T RAREE VAL ERAESS

nov 2 FEEZE T E 24 ( Orthogonal Array )4 47 3 crads
fwo B F - ¥ F)F 204 5x% (Main Effect )¥ bz ¥ ofrafd) o
PEREAMF & EF AR >& FF %( Complete Factorial
Experiment ) ¥ 2z %4 & ¥]9 % ( Fractional Factorial Experiment ) -
TE-fANE R AR - »k,T*uP RGF S Fl R & -2
kD 2 AL8(2) BGRM > 4o 2-To # ¢ ¥EL 447 = H( Latin
Square )z 5L TH 8 EApR T 8 A F &k 02 AdpF B F)F A= ok
BT BB 5L T BARFS - £2-8¢ » AP ]~ 210 4

FokE o @ T MEHEFF AT e S d o TExp ) B
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’—> WEZEBE
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Lg(27)
‘ L e s o

» LFREACFE (LELatin SquareZ i—H))

£2-8 L8(2NE 2 % F %tk B

BB f7
1 2 3 4 5 6 7
1 1 1 1 1 1 1 1
2 1 1 1 2 2 2 2
3 1 2 2 1 1 2 2
4 1 2 2 2 2 1 1
A 5 2 1 2 1 2 1 2
6 2 1 2 2 1 2 1
7 2 2 1 1 2 2 1
8 2 2 1 2 1 1 2
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8 & R R VA L

Step7. A F# - AT I EFF ke > LIRS THILE
Step8. F %R H{rhb| A L L FHREF R AL ¢ FHRAT
ik ts - B A fre LA AEa- A o B A HREELY

ik ihk ik SHcET F AoTf e Lok > FEAERIAR P

N

2.5 & ¥RER#

WA E (fuel cell) #- @Rt £it » 3BT 55 B2

BERSTLOHORE - HFEFLT -

Jin

MRS EXIY S S
m¥ - B R A &L (SirWilliam Robert Grove) #v P » 3% % g i@

2

WM R BRI AP R AL TR - S W] > P

ho AL E FRASRARTRTART L oA H- BRLUBET

PRz E D ERETRPF AR
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PALR S E PRI . o AT ZFIEES BT AW BT R
oom A BLAEEN S EFBRESENEEES o 4§ WRETE PR
Er 0 F A B ERE A RALT S o o B AT 5 & @ RSE R
+ A fEa S B3 B+ (proton) ¥ % B R+ (electron) » # ¢ F+4ks
Pl PIE DY - > TFRED A TR T S DEEE &
AR A (T T E T N F AR AR AR kAT 0 Fpok
ALY R e rE - et o

PEALR R RS F N o e E A S IV ENI-NIOR & > REF
% B EAKOHA % W H B 030 1548 F BB & 5 T0~140C 2 7F »
FRTBRL0.9KE - B F RN 40T (5 7 & BirB2-16™) ¢

B : 2H: + 40H — 4H:0 + 4e”

£t 2 0: + 2H:0 + 4e — 40H

K 2H 402 — 2H:0

B2-16 AT pvF r LW
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R S Rl -2
RRTFEFDIR T AU HEAL G
(- ) &k 24 2 # (Alkaline Fuel Cell ; AFC)
(=) mpa %4 2 # (Phosphoric Acid Fuel Cell ; PAFC)
(=) F+ 2#uwd # (Proton Exchange Membrane Fuel Cell 5
PEMFC)
(z) &7 243 (Direct Methanol Fuel Cell ; DMFC)
() ppap@ T (Molten Carbonate Fuel Cell 5 MCFC)
(=) FiF it 74T » (Solid Oxide Fuel Cell 5 SOFC)
LI F i Rzl T
(-) Bg:
Iy M3 R - B S FRINL R R 2 F PR

FAGPREA LR PR B R PR 4

by e 27 4 Y )k
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65



3h Y TS AT AMAE T 3 FH U BE S e b

i

PR RAL o A TIMW BeenAt 8 8 R RCHIT 0 RIF gk S
LB 55 A BT o

A~Hip 5 DR TR TR R EDR A FREAAE R L I E R

fn
pas)
et

By AR - TS LR RS AT 0 TR AT
BREARY TR A SR R RERR VXA F B

TAMESHY o TR R IR U RSV YRR S T U

62 KRIER I FEZTFERFDE AR RAEWN X RF W R
eF CEPEE T R - B E S T TSRS R

oo pa { F I BRAFANEBL VPRI UYL

«D,.
P
=
Lo
F_&
o=
¢

NN
3
¥
=
£l
e
A=
=
4y
<k
o
£
X
S
H
fim
i
i s
=t
5}’%\3
vl

2rH gz EHE A R R kD BT F B BT

AORETAS PSR L FRH AR AT R A BT

66



= s oy = [12] [74]
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NEACE R U
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32 GTAW 2 % &
321 GTAW i &% #

A BHGEY HF AT RTASEE(GTAW) » »ri * 2 #74] %
HOBART TIGWAVET™ 350 AC/DC 4] & 45142 ¥ dici= 4| A et 5 1
B oo o Hobgpe P 4eB) 3-1 977 o B 3-2 Bl 5 GTAW 45 4f ¢ g #ii¢ #
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B35 fkitf Mg gE~

Grmiit s EWTh-2(E /2 % 2.4mm) > 45 R 1= W divf o g3 &
3mm o 45 TEE FHRBT RS T %R S HTHRERL TD° 0 B
TEWE T FEFH(AEF) o AAM I Z AR 3-60 20t S
ToRFEmEml > LEFF - ABRFHVIDEY YT FETLATH

EFHETBIFEEA; > D EMAFTARIEELR » U IRES - 58
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3.3 RE=&pRE
331 FEmAEEHR
1. 41 (base metal)

AP G RY Fs%RHALE T0TD T6 458 &> LB E &~ F L H2
o R LFELEY BRBAR T HRFES Aok 3-1 977 0 H R
PRdod 3-2 #17 o agRias L dsrg gty A 2 X (i
150mmx60mmx3mm) =@ 3-7> Y48 & &4 6 FlF a2 2 - K F
LA A B R 0 E A5 F R (5 17 400
F)RFAEE R 2 dm > FESE T 4oR 3-8 °

=11} =

130

B 3-7 4RgEFES <A
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% 3-1 7075454 & ff = A 4

x| | & | o | o |
51-6. | 2.4~2. | 1.2-2, <
0,
weos | >F . 2l <os | S
~ % 3 £ 45 Hv
Wt% | 03 0'1288~° 020 | 015

%32 7075 T6 45 & & 2 BRI

e Tensile Yield Elongation
Strength Strength In 50mm,
Mpa (Ksi) | Mpa (Ksi) %
o
7075-T6 570 (82.7) | 505 (73.3) 11
g Hardness Shear Fatigue
Strength limit
HB Mpa (Ksi Mpa (Ksi
g o pa (Ksi) | Mpa (Ksi)
7075-T6 150 330 (47.9) | 160 (23.2)
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2.3 4L & & (filler metal)

AP T T F AR ETR Y 28 48 0% L ERS356 o 42 if B 4T 4
3.2mm s H & pdod 3390 o 4R IEZ BEEL F - A AR Sl * 4
Hoo LR LG S D0 AR AE L & > AR A TAREE G
A 4F PR A o

Z 33EAEH >4

pagEoy | o | @\ | & | & | ® | o# | % | Hi
ER5356 0.25 0.4 0.1 1005~02] 4.5~55 [0.05~02] 0.1 ]0.006~02] 0.

332 #FAMeED 2
AP R AR EES N REFEE Sl FARY oW 3-7
Z@E N v R RZEFERTR > D REE TRV ESEE F LT

A E T A RGAREE LR TR B 39 LE N By

ﬁ&@:fi«fﬁ-l"}‘ f—J—’.F- = S B 3’5@/2‘ BT iE' Sy S 3 ’,‘%(’H"}'}%.fﬁ 3mm)
2 #4424 0 2 4)7 4o 3-1 HOBART GTAW &2 it (74842 » % 1
WA RV AR A ET L B AL SRS o )

EXapls B
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333 Boit4Ri AHESR

Fgﬁa'ﬁr F]‘&

9

T F4y 7075 T6 4F & £ 2 S 24045 Sl - Sodk
FHERTIICBEERE VWD 1T LG 2 B R F WANT
M oB E SR T kR ypdRig £ oG RN 23

Y&

% 1% % & (penetration) ~

|~

B RET B g A

= v =
» &d mor

AR ARED SLE SIS S

BRAELFLS > AFRITP T A BB

1.TIG 42 #2542

Stepl.#-4v 1 7 = 2.

FR o T AE T - pER SEEE

Step2.# & @ K452 2@ 2 o WA F I 5 5 & 4% 4 (undercut) £

A G 2 R e

Step3.ip4ksg £E w0 U P PR B-Z - Brg > N eE AT
RoORARBBHET

Stepd. % o B iEF B E A

> RALE R > RS BiT g E B oo
2.9 U BB L f7E

Step5.;&- T4 F|Z 2 R > 3mMmMBETF &R 4 BIE4IFE 4Bk
B EH LAY A 0 Aok 34507 o d

(EEYD N ¥
#c o

= 5

Step6.3% % £ ™ 3mMm 4 B F % ik R E 28 4 B4 F1E 3 Bk

B FHL(RNE 2 & (ded 35477 ) & A HEARE
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Step7.it (745 iF B0 & £43F & fE3- B £ RGB SN

S ¥ o
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X ¥
p

Step8.2~ S/N ¢ f *

B
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-
o

% 3-4 Lig(dNE 2 % @
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Expt.

NO.
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A
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34 HByEBEpR
BB A BRI B AR R B TR 8

203 AARNF VLV EEEY ST 8 IS A dE R SR

35 SRR
BRG2FY  MERB Y LG E RN L 20mm F ks B

LAY e ER RITEPp TR A2 X BELEET OB 2~3 BREY

¥

B
T

—\

AP R 40mm Z FH o H P FHRAIML PR E PR >
HRRSF oYk A A B ELE 0 doR] 3-10 477 -
b ARG R o GAEER A BT) e 2@ U T

A EL 2000 5L £ * F itaRkdek D 0.03ume Gk S o

-F

Lk P R AT R PR - B R S
;7“{%*%?@?4%&#}{]%5%;*, $*E‘B% oi%)ﬁ ﬁ*fff«;}{é’#
Keller’s(z3 = +* &) : 2ml HF+3ml HCI+5ml HNO3+190ml H,0) » i 4 g5

P14 5 10~15 54a -
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(a)- P)%i7 '&'ﬁ‘ﬁk? (b) ;ﬂﬁmﬁg

#P._-aj
Py A
RESIN |
‘ —
80N
(d)

iR e 4 4 na e
(a) (h) (c)

(c). Aapmglivie

(d). #2 % 4 (€). A e %=

B 3-10 £4pF Sz H 22 K H
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36 BERBERLTRER

ERE

\\\xr

EHEFDEZBF DRE AT BREE S R
Yok o 2w P )% P R BT E RIEE i 07 iR (Depth) 2 B A (Width) -
AT AR TR R E(DIW ratio) s iRz R i 0

g3 A5k 2. BT 3 BB 3-11 #75F o

W 1 W 1 W |

; L
\ R i b A
v D A v \
.i 3 ‘ ,' T _f " T |
( /. P (¢ |D (
) K ') _'
(2).2% 55 15 (b).2 24585 A (0224585 vin

B 3-11 &2 2Rl 2 W

3.7 PA R TR

AT RIESEH BER > %4 * Matsuzawa MHT-1 #cd B B 214
(4B 3-12 #f7r ) » ¥ ix ASTM_E384-07 =& (7% » #FH I L =
100 2% » FESRPERL 1544 n BRIEER SEEE£2 46 T 1Imm
Fo» B EBERVIL OBMMIRI R - AR - ¥4 P wjrvhbae ¥ 8.0mm i £

/F'J%%]’fi?;é%i—g" H)izm(%zrl%] 3-13 "’T’I‘) ﬁxw 3‘3—&/?]

2o dkrd (74 0Pz A B A 4R 0 22 5 B A5 8 o) 3-15 97 7 o
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B 3-12 Matsuzawa MHT-1 Al & B 2 3%

0.5mm

NO.1
NO.2

B 3-13 # AR ERI=E T LR
3.8 W #E=%
HgR L 2 3 s 2Bk > ik ASTM-E8M 2 42 W s 3 45 v 4>

W2E S FPRRZEAYN T PRFEE > B 3147 BT o R
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BB AN 4o @] 3-15 41 0 o h 2 3RE R B 5 INSTORN 8501 2] (4 ]
3-16) » i= £ 100KN 2 § it H 22k 1 -

PO RHREFET Y B A T AGPC)RAR B AL 2 IRE Ak s gt
%V EESSRSEE 2 Bk w B (UTS) - % ke B (YS)~ ® & F

(elongation) ~ %7 m 4{,;—]—3 (reduction of area) 2 & # - % 2 -

. - V I
I 1 I R ) |
‘ W | c
[ G -: - —-—
- - - S — L 3 i

EE
3mm 4% 3 7 | 3mm g HE

G-1&iE 25.0 50.0
V-5 & 6.0 12.5
T-5 & 3.0 3.0

R-55 % i 6.0 125
L-%+& & 100.0 230.0
A~ 2R E R 320 60.0
B-& i & R 30.0 75.0
C-4#FM=F R 10.0 20.0

B 3-14 0 325k % < o

84



&
= | & AEstH
N\
N

| p#ﬂ/////
S ]
N\
N #1

\A

= LA
= ]
R
\\A A\,

IRSEA
>

(a)3mm 4= 4 3% & (b)3mm # 2% %
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39 FAEENSE

F 4 T075-T6 2 4rte it » £ 3-ohjod 3 30mm > £ 240~ 4530 = 3
EEFAAAEEAT e TEE S Sim 2 RINE R S 6mm 2 FlH4A) 4
B BEFL - 6mm BAEZ P E o BEEME D TR b RN
EFE 2% TIC » AR FHE P F2 082 X0 A ¥R
PR QBZPHARRERSEE (DBt ZRBEEZER

Bedr s WL ZBRCE T ABAE 317 77 0 BB S HRK T L ErT

D2 B F RS ot U EIE MRS G o
\
(a) *F £8 ip] 5 4% (b)+ 7 5 4%

B 3-17 FigEmaaim
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3-10 Ak REE

KRBBRAAE 77 " RIAFEEFAAN SRS L RS Bl
BEABRP > FHRODFIBFEEFREIEASE  FEFI B RS
2o AR ZEPIREFEPN T ORLZRAE 0 I ORRSEFEHEF A
TR R REPEFY RS RSB R 2 RS S T esm (T KK

LEARS RS T L B 3-18 o -

,_ = iFE
E Y % -
- B
i 7
*
mmql
W — T
Mg a2
%4
* -uril‘«ﬂ
g ——
K %
I

B 3-18 # #T-k/B:&% = 4. F
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3-11 &is# e
B BT H A Ao B 3-19 #77 o B aJRE 7 > N ikgp ASTM B597-
02 2 4ut 5%1@%% v RGBT HIA ARIE(470°C 40min, )—=iFck— 4

1 P (120°C 24hr. ) > B M HEETE £ 2 o

B 3-19 Nabertherm % if # &2 %
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4.1 T 582 7
4.1.1 #5253 %A 17

AR PhhFEHEL £ 7075-T6 i £ 482 FHPFRR L& miF
ZESTEEAM G DI ML R R BRTIN S AE R
AFAMAE 2 THREFHIEGE > L 02 B2 B SES R F 3mm
B 45358 B o P a0 AR E VALK 2 FALM LTS 2 0kE T o B T4

+b “:\!’:%-ér% 4‘1 5%‘7‘1‘\ o

% 4-1 A aEFERE S R

FE|GAP | | 4 F
S| () | (A [ (mm/min) | & o ow ey Thpey P
(L/min)

R R R

1|15 | 110 200 10 BE O LERBEE
BEAGGE
BETRA RS

2 [1.5 | 130 350 20 e s L ppF o 45
(I I Iy S5 LA
BETREL ik

3 3.0 | 110 350 10 B A o kR
BN IER A o
BETRZEG NER

4 3.0 | 130 200 15 o BT R -
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4.1.2 L16 v © § %A 47
HdF SRR TS VI PR s R
PR a e

F1% v R AT E R BRI B AGER ]

IREERESe RSl d 2 4L HBREFBHTFEMT R

B A E 0 dod 42 S o

%042 F%HIE ARE 4

pe | kB am | kB |k
A EER K
B-= in

C-#84 7k 200mn/min | 250mm/min | 300mm/min
15 1I/min | 20 1/min

1. bmm 2. Omm 2. bmm 3. Omm

1104 1154 120A 125A
350mm/min

D-& 5 Wi g 8 1/min | 10 1/min

A
o
N
S+
i
N

L16 2 2 % R:EF 9ok TR SHfeE 4ok 4-3° 9% %57 EFT40R 4-1

ﬂﬁé&iﬁ;}%ﬂléﬁ&ﬁifﬁ—‘ﬁ 5 7~8~13~14 £ 4
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% 4-3L16(4Y% % S8t
NO GAP T i Fang
1 1.5 110 200 8
2 1.5 115 250 10
3 1.5 120 300 15
4 1.5 125 350 20
5 2.0 110 250 15
6 2.0 115 200 20
7 2.0 120 350 8
8 2.0 125 300 10
9 2.5 110 300 20
10 2.5 115 350 15
11 2.5 120 200 10
12 2.5 125 250 8
13 3.0 110 350 10
14 3.0 115 300 8
15 3.0 120 250 20
16 3.0 125 200 15
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