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Heat treatment process of GWO01 aluminum alloy pipe
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Abstract: GW01 aluminum alloy is a new type of high-strength aluminum alloys researched and developed based on
6061 aluminum alloy. The effects of solid solution temperature—time, aging temperature and aging time on mechanical
properties of GW01 aluminum alloy after T6 treatment were investigated by orthogonal experiment of three factors and
three levels. The results show that, with the solution temperature increasing and solution time decreasing, the tensile
strength, yield strength and hardness of GW01 aluminum alloy are improved greatly, and the elongation increases after a
certain amount of decline. With the aging temperature increasing, the tensile strength, yield strength, hardness and
clongation of GWO01 aluminum alloy decrease constantly. The tensile strength, yield strength and hardness of GWO01
aluminum alloy are all insensitive to aging time, which means that they only decreases a little with aging time extending.
The elongation increases with aging time extending. The good mechanical properties of GW01 aluminum alloy pipe are
obtained after T6 treatment process of (510 ‘C, 3 h, water quenching)+(170 °C, 18 h, air cooling).
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Table 1

fraction, %)

Composition of GWO01 aluminum alloy (mass

Mg Si Cu Mn Others Al

0.45-0.85 0.70—1.10 0.35-0.65 0.30-0.60 0.1-0.5 Bal.

450

300

E1 &EUErrEE

Fig. 1 Schematic diagram of metal mold (Unit: mm)

B2 ulkeEmEs
Fig. 2 Photo of cast rod
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Table 2 T6 process parameters and properties of aluminum alloy GWO1 after T6 heat treatment

Process of T6 heat treatment

Property after T6 heat treatment

Experiment Solution Aging temperature, Aging time, Hardness,

No. temperature-time, A B/C C/h HW Ru/MPa Ryoo/MPa  Aso mm/%
1 470 'C,7h 170 4 15.2 313 260 13.6
2 470 'C,7h 185 10 14.6 301 255 14.7
3 470 'C,7h 205 18 11.6 232 175 14.7
4 490 'C,5h 170 10 16.8 354 315 14.2
5 490 'C,5h 185 18 16.1 327 283 144
6 490 'C,5h 205 4 14.5 289 240 13.0
7 510 C,3h 170 18 17.8 403 360 16.4
8 510 C,3h 185 4 17.8 389 335 144
9 510 °C,3h 205 10 16.0 328 290 14.6
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Table 3 Experimental program and test results analysis table of Webster hardness
Webster hardness
Factor
K, K K K2 K K+? DevSq (S)
Solution temperature-time, A 414 47.4 51.6 1713.96 2246.76 2662.56 17.52
Aging temperature, B 49.8 48.5 42.1 2480.04 2352.25 1772.41 11.33
Aging time, C 47.5 47.4 45.5 2256.25 2246.76 2070.52 0.85
Vacant column, e 473 46.9 46.2 2237.29 2199.61 2134.44 0.21

R4 BRI Z0H R

Table 4 Variance analysis table of Webster hardness

Source of variation DevSq DOF Mean square F F, Level of significance
A 17.52 2 8.760 83.43 Fo05(2,2)=19.0 Significant
B 11.33 2 5.665 53.95 F01(2,2)=99.0 Significant
C 0.85 2 0.425 4.05 Non-significant
Error (e) 0.21 2 0.105
Sum total 29.91

DevSq: Sum of square of deviations; DOF: Degree of freedom; F: Value of analysis of variance; F,: Value of analysis of variance.
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Table 5 Variance analysis table of tensile strength

510 CE&AF FARIE 3 h 7K, ZJG7E 170 C4AF MR
4h T,

23 I ZZHXEREERIZIDME

Jor e 5 7y 22 53 A 3 5 B S 1) U 22 3 M U
HIRAAIR, TRV BE AT A5 AR s 5 Z2 73 AT AL, ik 6
J7s o

HIZ 6 UL, S J A 5 PR = PR 3R A R
LS M 3 S VD 3% T O B R 25 TR 3 1) S 25 1
ACFRIRHIR, 3 AN DA Z0 Jo ki 52 14 52 e 11 )

Source of variation DevSq DOF Mean square F F, Level of significance
A 12550.23 2 6275.115 96.37 Fo05(2,4)=6.94 Highly significant
B 8874.89 2 4437.445 68.15 Fon(2,4)=18.0 Highly significant
c” 149.56 2 74.780 1.15 Non-significant
Error (e) 110.89 2 55.445
Error (¢”) 260.45 4 65.113
Sum total 21685.57
C”, e”: Correct values of C and e.
400 400 -
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n:é 280 Fig. 4 Influence of experimental factors on
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tensile strength and yield strength
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Table 6 Variance analysis table of yield strength

WHEET 200 510 C4&M AR 3 h JG/KE, ZJE7E
170 C4AMF F ORI 18 h FH ¥
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3.1 GWOl & MRERIFRY To ALIBTZ

P SEEG 45 T DL H, B AN [ (9 1 BE A nT CA
BREIRFERA T2 A By C =RZEX) 4 itk gds
BRI R /N B FARAN AR ], B [l A (1 £
NI (] PRI A, AR ) 25 1k e BRI AR,
T B IAE R 5 L | T i R 5 (10 D R 4 v
DA S ARK A I e AP T s B I SS0RRE R T
M BHOBTRIBREE . TR IRERAE . AR DL R AR AR A
WA s AR PTRI R i IR B L R B o) i)
S TR S8 AN, TS 280 T 1 e LA /N P g
I, AR e B IR R ] P KA — e 8 4

YRR BAT R4 I GWOL 4R A A Bk il
)5 P RS R (R YR, DAORAIE B ZE 2% 55 IR A
Mo EPRX—EER, M BRI EE R, A 4w
T6 MbFE T LN, 510 C4AF T4 3h K, 2
JEAE 170 CH4AF TARIR 18 h ¥4 . RHIX — L2443
1) 1.2 mm B2 JE () GWO1 5+ 242, % EN14766 brifk
HEATANE 5 Fros iR 55 sk,  HARIA I 30a] ik

Source of variation DevSq DOF Mean square F F, Level of significance
A 14504.23 2 7252.115 63.27 Fo05(2,4)=6.94 Highly significant
B 9440.89 2 4720.445 41.19 Fyn(2,4)=18.0 Highly significant
c” 297.56 2 148.780 1.30 Non-significant
Error (e) 160.89 2 80.445
Error (e”) 458.45 4 114.613
Sum total 24403.57
RTOMRETESNE
Table 7 Variance analysis table of elongation
Source of variation DevSq DOF Mean square F F, Level of significance
A 2.46 2 1.230 5.02 Fy05(2,4)=6.94 Non-significant
B® 0.61 2 0.305 1.24 Fo01(2,4)=18.0 Non-significant
C 3.39 2 1.695 6.92 Non-significant
Error (e) 0.37 2 0.185
Error (¢”) 0.98 4 0.245
Sum total 6.83

B*: Correct values of B.
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Fig. 5 Horizontal force fatigue testing of bicycle frame
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Fig. 6 Comparison of grain sizes of alloy pipe after T6 heat
treatment: (a) Adding Cr, Ti, Zr and Er; (b) Without addition
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