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Influence of heating method on formability and mechanical properties for
magnesium alloy sheet in warm incremental forming

Zheng Zhiyang, Chen Yuxiang, Liao Juan
(School of Mechanical Engineering and Automation, Fuzhou University, Fuzhou 350116, China)

Abstract . The temperature distribution of sheet is affected by different heating methods. Meanwhile, the temperature difference appears in
the different positions of sheet, which resulting in material internal performance difference. In view of the above problems, the magnesium
alloy sheets were heated by two overall heating methods of carbon fiber electric pipe heating and hot air heating, and the influences of
heating methods and forming temperature on the formability of magnesium alloy sheet and the mechanical properties of its formed parts
were studied by forming variable-angle cone parts and square cone parts with constant forming angle. The results show that in the forming
temperature range of 150-275 °C, the formability of magnesium alloy sheet is enhanced with the increasing of forming temperature. When
the forming temperature is 250 °C, the magnesium alloy sheet has better formability, and its formed parts also obtain the best mechanical
properties. At the same forming temperature, the magnesium alloy sheet heated by carbon fiber electric pipe heating has better formabili-
ty, and its formed parts also have better mechanical properties.
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Fig. 1 Heating devices of incremental forming

(a) HA-heating
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Table 1 Chemical compositions of AZ31B magnesium alloy

( %, mass fraction)

Al Zn Mn  Fe Cu Ni Si Mg

2.85 0.75 0.62 0.0029 0.00045 0.00052 0.025 iy
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Fig. 2 Dimensions of model for variable-angle cone part
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Fig. 3 Tensile specimen

(a) Cutting position of tensile specimen

(b) Shape and

dimensions of tensile specimen
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Fig. 4 Schematic diagram of point locations on forming part
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Fig. 5 Comparison of temperature distribution for formed parts under different heating methods and forming temperatures
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Table 2 Experimental results of formability

I g B h/mm, IR 0.,/ (%)
Ji EE/C S 1 S 2 S 3 .
150 15.5,39.9 14.7,39.1 14.8,39.2 15.0,39.4

200 25.1,48.6 24.1,47.8 25.3,48.8 24.8, 48.4

" 250 36.9, 58.0 36.8,57.9 36.5,57.7 36.7,57.9
275 43.2,62.6 44.8,63.8 43.9,63.1 44.0, 63.2
150 16.6, 40.9 17.1, 41.4 16.4,40.8 16.7, 41.1
200 27.0,50.2 25.4,48.9 25.1,48.7 25.8,49.2
CFEP

250 38.9, 59.5 38.4,59.1 40.5, 60.7 39.3,59.8
275 46.8, 65.2 45.7, 64.4 46.4,64.9 46.3, 64.8
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Fig. 6 Forming limit angles of formed parts under different forming

temperatures and heating methods
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3.3 NEFMREST

SR 2 AP0 B L) B A R P A AP 52 55,
HESE N Sy - S N RN 18] 8 fir s, HilE 8 T
L, AEARINATT SR, OB 1 F R S5 1Y
SN - FLSE AR 2R B A R ) e e 3
MSOEARE T, BB Z 1 B DL B A A48 /1
THEM . SRTFRAE R T B A IR O S —
AN TAEAL . FAS LS S 3hAS B R S
S 2k RE o OB F RO UL 58 B /N TR
YA T B il i BT i B TP S A5 AN R R
PERTL I TAEAL A S W o B & bt 2 i T



54 Bk HOR W47 %
350 7 350
300 - - T 300 e
B | e N |
250 - o . | 250 . Z |
s X |
S 200 1 : | £ 200 1 : I
= <
g 150 - : ' E 150 4 [ I !
" s A o : :
100 - 275 °C | 250 °C  BEM | o 100 275 C/ 250 C/I M/:
50 | | 50 | |
. l T T T T T T - T |I 1
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18
(a) (®)
P8 A [EINEAT SR BT 1 i o S ) B S ;- B R 2k
(a) P (b) BREFAERPVE A
Fig. 8 Curves of true stress-true strain for formed parts under uniaxial tensile tests with different heating methods
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