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Fatigue Properties of 6061 Aluminum Alloy for On-board High Pressure Hydrogen-Gas Tanks
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Abstract: The 6061 alloy is a liner material for high pressure hydrogen tanks. To examine the
effect of hydrogen on the fatigue properties of this alloy, a fatigue test was conducted in an
environment of controlled temperature and humidity as a simple evaluation method. With the
7075-T6 alloy, which is known to have high sensitivity to hydrogen embrittlement, a decrease
in fatigue strength was ascertained at high test humidities. On the other hand, the 6061-T6
alloy showed just a slight decrease in fatigue strength under the same humidity condition,
suggesting that it has low sensitivity to hydrogen embrittlement.
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Fig.1 Schematic of high pressure hydrogen-gas tank.
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Fig.2 Schematic of high pressure hydrogen gas atmosphere
produced by reaction between newly exposed aluminum
surface and water vapor.
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Table 1 Composition of experimental alloys. (mass%)

Alloy Si Fe Cu Mn | Mg Cr Zn Ti
6061 | 0.65 | 0.29 | 0.31 | 0.05 | 1.02 | 0.17 | 0.01 | 0.02
7075 | 0.10 | 0.21 | 1.80 | 0.02 | 2.40 | 0.19 | 5.50 | 0.02
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Table 2 Mechanical properties of experimental alloys.

Alloy Mechanical properties
Tensile strength (MPa)| Yield strength (MPa) | Elongation (%)
6061-T6 315 265 16.3
7075-T6 541 467 15.5
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Fig.3 Shape of fatigue test sample.
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Fig.4 Appearance of humidity-controlled fatigue test
machine. A humidity-controlled chamber is moved
backward when a sample is mounted on the machine
and is moved forward when a fatigue test is done.
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Fig.5 Effect of test humidity on S-N curve of 7075-T6 alloy.
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Fig.6 Effect of test humidity on fatigue fracture of 7075

alloy fractured at stress amplitude of 180MPa.

(The fatigue cracks indicated by arrows all origin-

ated at the surface of the sample).
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Fig.7 Fractographs of areas 0.5 mm apart from fracture
origin of 7075 alloy tested under a 90%RH con-
dition and stress amplitudes of 100MPa (a), and
180MPa (b). (White lines in the fractographs in-
dicate the striation spacing).

AH180MPad L HIRRSEMFOHEE LM U A — X —
DHESTHEBELELODEEZBNS, THIZIO%RH
DEln EEE P T ARRMbIC &V S ZEREHIDKR
RICETL, ROGHRIRTOEAICZADERLIZ
LHBRLTWVS, IhbHDRRIITOTEHE B DR IFHE
(R R T IREL DT 2 B & kDB T b
%, CZTHLNZALBIGIISSRTHER D& & [Mlkk
12, EHEORE - EREICEOAUT B A HTER & K7
R[REDRIGIT &Y AT 2KFZDO—TMHMEHIZEAL
TRIZKZENREIHETHE LEZ LN,
PLEomEHERICEY), 7VIZULAHEETE
40%RH & 90%RH 0 27Kk #& o 5 B i FE THRHAL L 72 S-N
Hhr 2 lbi 2 2 & ic & b, MRIOKZENLEZIE DR
flinsmEETH S LHWI L, LLFD6061IHEEHEICDNTY
[k DR 21T > 720

3.2 6061EEDEHHEICRITIHBREEDH
KFER T DA F— DM TH 560615 HDIHE
R R E T BT O ERZRBICR T, KED
WERIIEAEZT R VEEZ S5N540%RHD AR
MBI BV TIEN=10"[1 D JE Y750 3% 100MPaT &
0, ZOBEOREYHIZ6061 58 ORHE A EIC T
0.31ThH3. TDA0%RHHTOS-NHifk& L T,
90%RHD &M TIR 10" 04 — X — D& A Z VETOD
BEMHCBE L TR IBREFEDY A 2 VBT ORR 2R L
TWw3hY, N=10"[0 DI IEHFIIOMPaTH b,
40%RHDLHIZ B U THI10% O 5750 % DR T H3
Wehd, 7, ABEE2ELSEEIEICLD,
Wt Z A DOFA B OME R ICKFEIC & 2 MmN 2l B3
WHICE I TV 308 5 5% SEMIC L 2 m#igic &
DA, AR A Z VBT L 72 > OV O 1 R IR
135MPa) IZ DV TOBEHRZRITRT, »WTho
B T LcY > Ly S RO FRERN L
LU ZORA, 7, SHOMEBEFIRE HITIZIEFFD
WHEEZRLTE Y, MBRIEEOENIC K 2HHEE

140
150 | A —&— 20T - 40%RH
\u —m— 20C - 90%RH

120 |

110 |

100

Stress oca, MPa

90
80

70
1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08
Number of Cycles to Failure

K8 60615EFDMS-NIFICRIFTFEIATEEDTE
Fig.8 Effect of test humidity on S-N curve of 6061 alloy.

32 Furulkawa-Sky Review No.2 2006



BHSEKESYIB606T1E5ZDRSFE

The origin of a fatigue crack | Area 0.5mm apart from the | Magnification image

origin of the fatigue crack

40%
RH

90%
RH

B9 6061&8EDIHIRET3IEMPallBToET 1 7ILEK
TORFEEICRIITHBEEDEE (RHPDKRENT
RENRFERIIHBRARASNTEELTIVD)

Fig.9 Effect of test humidity on fatigue fracture of 6061
alloy fractured at stress amplitude of 135MPa.
(The fatigue cracks indicated by arrows all origin-
ated at the surface of the sample).
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Fig.10 Effect of frequency on fatigue curve of 6061
alloy in controlled-humidity environment.
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Fig.11 Effect of temperature on the fatigue curve of 6061
alloy under controlled experimental humidity.
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