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Abstract: Numerical simulation and experiment of thixoforming angle frame of AZ61 magnesium alloy were investigated. The 
results show that with the increase in punch displacement, cylinder billet firstly fills into die cavity of angle frame from feed inlet and 
plastic deformation occurs in touching region between billet and die cavity. After central thin wall of angle frame is created, semi- 
solid billet fills toward two edges. Lastly, complete plastic deformation occurs in billet, leading to complete filling of semis-olid billet. 
Effective strain, effective stress and billet temperature decrease with the increase in punch displacement. Effective stress decreases 
with the increase in billet temperature, die temperature and punch velocity. The optimal conditions decided by numerical simulation 
are as follows: die temperature of 450 ℃, billet temperature of 560 ℃ and punch velocity of 30 mm/s. Angle frame components with 
high mechanical properties such as yield strength of 225 MPa, tensile strength of 309 MPa and elongation of 21.8% and fine 
microstructure could be thixoformed successfully according to process parameters decided by numerical simulation. 
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1 Introduction 
 

In recent years, as a forming method of magnesium 
alloy, thixoforming has been paid more attention due to 
many advantages such as net-shape, high mechanical 
properties of final component and high production 
efficiency[1-2]. JIANG and LUO[3] reported that 
thixoformed satellite angle frame components using 
semi-solid billet prepared by new SIMA had higher 
mechanical properties at room temperature. 
CHAYONG et al[4] found that for thixoforming at  
615 ℃into a tool steel die heated to 250 ℃, the highest 
yield strength and elongation obtained are 474 MPa and 
4.7%, respectively. A390 alloy feedstock produced with 
cooling slope casting was thixoformed successfully at a 
temperature of 844 K, which is much lower than the 
typical die casting temperatures employed for this 
alloy[5]. However, many factors such as billet 
temperature, die temperature and punch velocity have 

important influence on the quality of components[6-7]. 
Some important process parameters influencing 
thixoforming process can be optimized by numerical 
simulation[8-10].  

In this work, research on numerical simulation and 
experiment of thixoforming angle frame component of 
AZ61 magnesium alloy is investigated in order to 
optimize process parameters. It will contribute to 
pre-estimate thixoforming process parameters and know 
thixoforming process of some important magnesium 
alloy structure components. Furthermore, it also can 
emulate thixoforming process in order to reduce the cost 
of experiment. 

 
2 Experimental 
 

Numerical simulation was done by DEFORM-3DTM. 
Here, the commercial software Pro-E was employed to 
establish geometrical models of punch, female die and 
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billets, as shown in Fig.1. After 3D entity models of the 
billet, female die and punch were established using the 
commercial software Pro-E, ‘.stl’ model format files 
were obtained, and these format files were imported into 
DEFORM-3DTM by its pre-processor. Then, billet with 
the diameter of 57 mm and the height of 25 mm, punch 
and female die were meshed in pre-processor. Punch and 
female die were divided into 6 000 elements, respectively. 
Billet was divided into 100 000 elements. The position 
and movement relationships of geometrical models can 
be defined after the models have been established. The 
female die was regarded as static objects, the punch was 
active, and the billet was slaved.  
 

 

Fig.1 3D models of punch (a), female die (b), billet (c) and 
angle frame (d) 
 

For establishing semi-solid material model of AZ61 
magnesium alloy, true stress-strain curves at various 
temperature and strain rates in semi-solid state were 
performed by means of isothermal compression 
experiment. 1015 steel models were employed as 
material models of punch and female die from material 
model database of DEFORM-3DTM. Starting parameters 
were as follows: the punch velocities of 15 mm/s and 30 
mm/s, the punch and female die temperatures of 300˚C 
and 450 ˚C respectively, billet temperatures of  530, 545, 
560 ˚C and 575 ˚C, friction coefficient of 0.2, thermal 
conductivity of 79.5 N·˚C /s, specific heat capacity of 1.3 
N·˚C /mm2 and emissivity of 0.7.  

Semi-solid billet of AZ61 magnesium alloy was 
prepared by new SIMA method [11-15]. Thixoforming 
process parameters were determined as follows: die 
temperature of 300 ˚C and 450 ˚C, billet temperature of 
560 ˚C, punch velocity of 30 mm/s and holding time of 
20 min. Thixoforming experiments were preformed by  
2 000 kN hydraulic press. 

 
3 Results and discussion 
 
3.1  Numerical simulation on thixoforming process 

of angle frame 
Fig.2 shows variation of effective strain with the 

increase in punch displacement when starting parameters 
were billet temperature of 560 ˚C, die temperature of  
450 ˚C and punch velocity of 15 mm/s.  

 

 
Fig.2  Effective strains at various punch displacements 

 
As shown in Fig.2, effective strain in angle frame 

during thixoforming process increased with the increase 
in punch displacement. When punch displacement was 8 
mm, cylinder semi-solid billet filled into die cavity under 
the pressure of punch and severe plastic deformation 
occurred in touching region between billet and die cavity. 
In contrast, strain capacity in remained cylinder billet 
was little. With continuous increase of punch 
displacement, two central thin walls were created and 
then semi-solid billet filled from center to two edges. 
Little strain capacity was found in semi-solid billet at 
two edges. When punch displacement was 13.7 mm, two 
edges were created completely corresponding to 
complete filling of semi-solid billet to die cavity. 

Fig.3 shows effective stress at various punch 
displacements. As indicated in Fig.3, effective stress in 
remained cylinder billet was large due to large friction 
resistance between billet and female die, and large 
resistance to deformation of material when punch 
displacement was 8 mm. Effective stress in touch region 
between billet and die cavity was small. When punch 
displacement was 11 mm, effective stress in most regions 
was large except two edges. Due to little resistance to 
deformation of billet with free surface, easy filling could 
be obtained in two edges regions. When punch 
displacement was 13.7 mm, complete filling was 
obtained. Effective stress was about 18 MPa, indicating 
easy filling ability to semi-solid billet. 

Fig.4 shows billet temperature at various punch 
displacements. As shown in Fig.4, billet temperature 
decreased with the increase in punch displacement. 
When punch displacement was 8 mm, billet temperature 
in remained cylinder region decreased largely. 
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Fig.3 Effective stresses at various punch displacements 
 

However, billet temperature in touching region between 
front billet and die cavity increased a little. Energy of 
plastic deformation was created in billet under external 
force. Due to quick process, more energy of plastic 
deformation conversed into heat energy, resulting in 
increase of billet temperature in touching region. When 
punch displacement was 11 mm, billet temperature in 
central region was about 530 ˚C. Billet temperature in 
edge region was about 550 ˚C and billet temperature in 
remained cylinder region was decreased to 510 ˚C. When 
punch displacement was 13.7 mm, billet temperature in 
most regions of angle frame was in semi-solid state. 
Billet temperature in little region was decreased below 
solidus, indicating cooling thixoforming. Billet had high 
solid fraction at last stage of thixoforming contributing to 
solidification of final component. 
 

 

Fig.4 Billet temperatures at various punch displacements 
 

 
3.2 Effect of billet temperature on thixoforming 

process 
Fig.5 shows effect of billet temperature on effective 

stress of angle frame during thixoforming process when 
starting parameters were die temperature of 450 ˚C and 
punch velocity of 15 mm/s. As indicated in Fig.5, 
effective stress decreased with the increase in billet 
temperature. When billet temperatures were 530, 545, 
560 and 575 ˚C, effective stresses were about 17, 16, 10 
and 5 MPa, respectively. With the increase in billet 
temperature, liquid fraction increased corresponding to 
better help for the filling of solid particles. Resistance of 
friction was less, and slide and rotation were easier. In 
addition, resistance to deformation of solid particles was 
reduced and plastic deformation of solid particle was 
easier than before. However, high billet temperature will 
cause reduction of carry ability. It is adapt to select 560 ˚C 
as billet temperature during thixoforming process.  

 

 
Fig.5  Effect of billet temperature on effective strain 

 

3.3 Influence of die temperature on thixoforming 
process 
Fig.6 shows effect of die temperature on effective 

stress of angle frame when starting parameters were 
billet temperature of 560 ˚C and punch velocity of 15 
mm/s. As indicated in Fig.5, effective stress decreased 
greatly with the increase in die temperature. When die 
temperature was 300 ˚C, effective stress was about 150 
MPa in most regions of angle frame. In contrast, when 
die temperature was 450 ˚C, effective stress was about 18 
MPa. Low die temperature leads to quick increase of 
resistance to deformation. As a result, larger pressure was 
needed. If the equipment cannot satisfy the requirement 
for forming of billet, incomplete filling will occur in the 
final component, as shown in Fig.6 (a). 
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Fig.6 Effective stresses at various die temperatures 

 
3.4 Influence of punch velocity on thixoforming 

process 
Fig.7 shows effect of punch velocity on effective 

stress of angle frame during thixoforming process when 
starting parameters were billet temperature of 560 ˚C and 
die temperature of 450 ˚C. As shown in Fig.7, effective 
stress decreased with increase in punch velocity. It will 
lead to reduction of needed pressure contributing to 
saving cost and energy.  

 

 
 
Fig.7  Effective stress at various punch velocities 

 

Fig.8 shows the temperature field of angle frame at 
various punch velocities. As indicated in Fig.8, high 
punch velocity leads to increase of billet temperature. It 
contributes to keeping the billet in semi-solid state and 
reducing the needed pressure during thixoforming 
process.  

 

 
Fig.8 Temperature fields at various punch velocities 

 

3.5 Thixoforming experiment of AZ61 magnesium 
alloy 

   Fig.9 shows macrographs of angle frame thixoformed 
at various die temperatures and microstructure at 450 ˚C.  

 

 

Fig.9 Macrographs (a,b) of angle frame thixoformed at various 
die temperature and microstructure (c) at 450℃ 

 

As shown in Fig.9, when die temperature was   
300 ˚C, incomplete filling occurred at two edges in angle 
frame thixoformed. When die temperature was 450˚C, 
complete filling occurred in angle frame thixoformed. It 
was demonstrated that the numerical simulation accorded 
with thixoforming experiment. The pressure of 2 000 kN 
could not satisfy the requirement for thixoforming when 
die temperature was 300 ˚C, leading to incomplete filling 
of billet. When die temperature was 450 ˚C, the pressure 
of 2 000 kN could satisfy the requirement for 
thixoforming and fine microstructure was obtained in 
angle frame component thixoformed, as indicated in 
Figs.9(b) and (c). 

Table 1 shows mechanical properties of 



JIANG Ju-fu, et al/Trans. Nonferrous Met. Soc. China 20(2010) s888−s892 s892 

thixoformed angle frame components. As shown in Table 
1, mechanical properties of angle frame component with 
yield strength of 225 MPa, tensile strength of 309 MPa 
and elongation of 21.8 % were obtained successfully, 
implying success of numerical simulation and 
advantages of new SIMA method. It was demonstrated 
that angle frame components with high mechanical 
properties and fine microstructure could be thixoformed 
successfully according to process parameters decided by 
numerical simulation. 

 
Table 1 Mechanical properties of thixoformed angle frame 
components 

Yield strength/ 
MPa 

Tensile 
strength/MPa 

Elongation/ % 

225 309 21.8 

 
4 Conclusions  
 

1) With increase of punch displacement, cylinder 
billet firstly filled into die cavity of angle frame from 
feed inlet and plastic deformation occurred in touching 
region between billet and die cavity. After central thin 
wall of angle frame was created, semi-solid billet filled 
toward two edges. Lastly, complete plastic deformation 
occurred in billet, leading to complete filling of 
semi-solid billet. Effective strain, effective stress and 
billet temperature decreased with increase of punch 
displacement. 

2) Effective stress decreased with increase of billet 
temperature, die temperature and punch velocity. The 
optimal conditions decided by numerical simulation are 
as follows: die temperature of 450 ˚C, billet temperature 
of 560 ˚C and punch velocity of 30 mm/s. 

3) When die temperature was 300 ˚C, incomplete 
filling occurred at two edges in angle frame thixoformed. 
When die temperature was 450 ˚C, complete filling 
occurred in angle frame thixoformed. Mechanical 
properties of angle frame with yield strength of 225 MPa, 
tensile strength of 309 MPa and elongation of 21.8% 
were obtained successfully, implying success of 
numerical simulation and advantages of new SIMA 
method.  
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