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Effect of Forming Temperature on Spring-back in
Hot Forming Quenching of AA6061 Sheet
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Abstract

Aluminum alloys are widely used in automotive industry because of their high strength-to-density ratio and excellent

corrosion resistance. However, conventional cold stamping of aluminum alloys leads to low formability and excessive

spring-back. To overcome these problems, Hot Forming Quenching (HFQ) is applied to manufacture automotive part using

aluminum alloy. The purpose of this study is to investigate effect of forming temperature on spring-back in HFQ of T6 heat

treated AA6061 sheet. In this study, hat shape forming test was adopted to evaluate spring-back characteristics according to

various forming temperatures. In additions, the test was also performed with warm forming conditions in comparison with

dimensional accuracy of HFQed part. The experimental results showed that dimensional accuracy of HFQed part was

superior to warm formed part and amount of spring-back was decreased as forming temperature rise.
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Fig. 1 Schematic diagram of HFQ [7]

Table 1 Chemical compositions of AA6061 sheet[8]

Material Chemical compositions (wt.%)
Cu Si | Mn | Fe Cr Al
AA6061 Mg
031 | 103 | 074 | 008 | 019 | 0.18 | Bal
Unit mm
70.00
@] OR 5.80 E
- 60.00 o
¢ 0 0
N~ Cooling
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Fig. 2 Structure and dimension of hat shape forming

tool set
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Table 2 Conditions for hat shape forming test

Heat treatment Heating temp. Forming temp.
530C 400°C
HFQ 530C 300C
530C 200°C
Warm forming 250C 200C
240
Measuring point of
177K temperature history 3
o
i L 1.6
Unit mm = t

Fig. 3 Measuring points of temperature history for
AA6061 sheet in HFQ

500 Temperature history in HFQ

with air cooling
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Fig. 4 Temperature history in HFQ with air cooling and
C-curve for AA6061 sheet
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Fig. 5 Hat shape forming tool set with air quenching

device

Fig. 6 Measuring points of hardness and microstructure

observation
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Table 3 Results of hardness measurement

Heat Forming Hardness(Hv)
treatment temp. Top Wall Flange
400°C 108.3 107.6 107.8
HFQ 300C 110.3 108.4 108.8
200°C 109.8 107.4 107.4
Recieved - > 107

Table 4 Results of grain size measurement

Heat Forming Grain size (um)
treatment temp. Top Wall Flange
400°C 30.33 32.13 31.17
HFQ 300C 32.62 33.98 33.02
200°C 35.51 36.37 35.95
Recieved - 30 ~50
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(a) HFQ condition with forming temp. 4007 (before
artificial aging)

90.57°

(e¢) Warm forming

Fig. 8 Results of hat shape forming test
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Table 5 Results of thickness measurement

Heat thickness (mm)
treatment Wall

Forming

temp. Top Flange

400C
300C
200C

1.570
1.572
1.576

1.572
1.574
1.575

1.570
1.572
1.573

HFQ

Recieved 1.578
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