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A Study on Flow Forming Process of Magnesium Road Wheel
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Abstract
Low pressure die casting and flow forming have been successfully used to produce sound road wheels from magnesium
alloy AM8O0. In the current study, high speed compression testing was initially conducted to simulate the flow forming of a

Mg wheel. Subsequently the flow forming was simulated with “Forge

™" an FEM software package. On the basis of flow

forming simulations, the flow forming of the Mg wheel was performed under different conditions. For the flow forming
experiments, the preform castings were made by low pressure die casting from AM80, a commercial magnesium alloy. In
flow forming of the magnesium preform wheel, the flow forming of the Mg wheel was successfully accomplished when the
feed rate was less than half that for the forming of an aluminum road wheel. The reduction in feed rate was 52%. Finally, a

comparison with the flow forming simulations was made.
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Table 1 Chemical composition of AM80 ingot (wt.%6)
Al Mn Zn Si Cu Ni Fe Mg
8.0 0.29 0.1 0.03 | 0.002 | 0.001 | 0.002 | Bal.

Table 2 Mechanical properties of AM80 wheel casting

Yeild . .
Tensile Elongation
Strength, Remark
Strength (%)
0.2% offset
122 MPa 250 MPa 125 % T6 Heat treated

(a) * —_—200%C

— 250%C
250 || —— 300°C
— 330%C

100 /

T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 55 &0

Strain (%)

(b) 300

—_—200°C
—_ 230°%C

Stress (MPa)

0 5 10 15 20 25 30 35 40 45 50 55 60
Strain (%)
300
(C) —_—200°C
230°C

250 1| — 300%c
— 350

Stress (MPa)

0 ; 1‘0 1‘5 2‘0 2‘5 5‘0 ;5 4‘0 4‘5 SID 5‘5 60
Strain (%0)
Fig. 1 Stress-strain curve with various temperatures on
high temperatures compression test, (a) Strain
rate 0.1mm/s, (b) 1mm/s and (c) 10mm/s
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Fig. 2 Schematic drawing of wheel flow forming model

for FE simulation

Table 3 Process specification of flow forming of Mg wheel

Classification

Process variables

Model 17inch, 6.5J Mg wheel
Material AMB80 Mg Alloy
Initial temperature 250C
Mandrel
Rotation speed 500 rpm
Entry angle 3.8°
Rotation speed 550 rpm
. *
Roller 1 step : ®360*R15

Roller size

2 step : ®360*R10

3 step : ®360*R06

Roller feed rate

30, 21, 15mm/s

Product initial
temperature

250, 300, 350C

o
T

o] 49

X%

A e Preform o<
300, 350C 9] 37HA] Ao R 2%
iR I ) B A= A B B
e A4

F 2e9 )% &%

G777 Yl olEE xS 30, 21, 15mmisec 37FA]

KR
20¢ A8she] SN

A8 A Al Mandrele] RPM, &%, A+
3L
[6)

ArEe mAROR ARSI, §



g 2 A §

FAY bl

(@) (b) (©
Fig. 3 Shape of flow forming part with initial preform
temperatures, (a) 350C, (b) 300C and (c)
250C
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Fig. 4 Strain profile after flow forming with various
initial part temperatures, (a) 350C, (b) 300C
and (c) 250C
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Fig. 5 Strain profile at gap area after flow forming
with various roller feeding rate, (a) 30mm/s,
(b) 21mm/s and (c) 15mm/s
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Table 4 Process conditions in Mg wheel flow forming

test
Classification 1% flow 2" flow 3™ flow
forming test | formingtest | forming test
Preheating 350C 350°C 350
temperature
Product initial 300C 300C 300
temperature
Roller feed rate 26mm/s 13mm/s 13mm/s
Reduction rate 58% 58% 52%

26mm/s 58% | 13mm/s 58% 13mm/s 52% %
(a) (b) (©)

Fig. 6 Photos of Mg road wheel after flow forming with

test conditions, (a) 1%, (b) 2™ and (c) 3nd flow

forming test
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Fig. 7 Optical microstructure images with the part of
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(c)Cand(d) D

o] shrto] alojubA]

2 o] 48e 4

o my O ot §2 X
flo do

to o @ °

43 REHY 0Nz

Fig. 7> Table 4°] 3zt
To] Kol mAMZzZ S
FEYY A
AM80 m}1d| 4
25% A3E o
UERFR] A
o] #FHIUTH C
o] Fo 7l U]/‘ﬂ

ek

do = oft 2 18
offf 1o O ot tlo 19 O



vtadlE 2 29

Ao AT 9 D FAelM ] mAEHS tha
2ol Foje A2 dehisin ole g F9
d A xA FAAE Fete] Fig 49 Fa W
E OBX M Addet HA frEdd Fo At
dAHE & AT

5. 8 &

Az Tl o Axd vladle == 2
o e gl #aete] slM B AALS gl the
I} g Ades Alh

(1) AMBO wFoHl Hes ol&std AdTFE ¥
el o FeAdEs ZeE FRES AGE F
Silea=s
PR AN .

=39 45
==

(3) “Forge” X 213& o] &3 vty 2=d 9
fred el Aol A= 3path 2] Aol e S
T3t Preform 7] X0 WE F543 3
A x1 T 300CAA 7HE kA Fa HAE
XS YUERoH, B8 o|FEEe ©WE {54
g oA =1 F 21mmisell Al 7P ek A f &

S K3
HEE HEE e

A=
gieto]l dojton, o]EHEEH% 13mm/sst LEES
5200 A&3 7oA E HAAHoR dUT K54
ol 7ttt

2 ATE B wiavls 2= §543
S Bt e T Wgel ©OE {54
Y AEgE d5T F e B AR 7F
A8 A =S Y8l Preforme] Stsbgol ek 3
74A el Ayl Aoty ddEn, A AES
A vtadlE AY FEREAd sdEs &

A8 7hEol 3 AT 121

i

mpavlg 22 #e] ATt Vs e gdd ¢ 3

k.
= 7

B o= WPM(World Premier Materials) =+ <1
AR «“FE7)718 2A4F mtvlE &4 A (3
Al HME 1 10037928) AFH S AT Aol dF-YP
2 ATE dstd dxs FA AYEEelAl A
=yy

REFERENCES

[1] T. Quiroga, 2010, Effects of Upsized Wheels and Tires
Tested, http://www.caranddriver.com.

[2] H.S. Kim, D. H. Ye, M. C. Kang, 2011, Development
Trend of Magnesium Casting Technology, J. Kor.
Foundrymen’s Soc., Vol. 31, No. 5, pp.243~248.

[3] P. Fu, A. A. Luo, H. Jiang, Y. Yu, C. Zhai, A. K.
Sachdev, 2008, Low-pressure Die Casting of
Magnesium Alloy AM50: Response to Process
Parameters, J. Mater. Process. Technol., Vol. 205, No.
1, pp. 224~234.

[4] S. H. Park, Y. M. Kim, H. S. Kim, C. D. Yim, B. S.
You., 2012, Microstructure and Yield Asymmetry
Behavior of Indirect-extruded Mg-Sn-Al-Zn Alloys,
Trans. Mater. Process., Vol. 21, No. 5, pp. 324~329.

[5] M. H. Parsa, A. M. A. Pazooki, M. N. Ahmadabadi,
2009, Flow-forming and Flow Formability Simulation,
Int. J. Adv. Manuf. Technol., Vol. 42, No. 5~6, pp. 463
~473

[6] Q. Wang, Z. Zhang, X. Zhang, G. Li, 2010, New
extrusion process of Mg alloy automobile wheels,
Trans., Nonferrous Met. Soc. China, Vol. 20, pp.
$599~s603.

[7] J. G. Kim, I. S. Shin, D. W. Kum, 1999, A Study of
Manufacturing AZ91D Mg Alloy Wheel, Kor. J. Mater.
Research, Vol. 9, No. 7, pp. 715~723.



