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Abstract: 
The results of theoretical analysis and experimental 

tests of hammer forging process of rim part from 

AZ31 magnesium alloy are presented in this paper. 

On the basis of numerical simulation results, the 

analysis of limiting phenomena was made. These 

phenomena include: possibility of overlapping 

presence, not filling of die impression, overheating 

of material and cracks. The results of theoretical 

analysis provided the support for planning of 

experimental tests in industrial conditions. Forging 

tests were conducted in one of Polish forming 

plants, applying steam-air hammer of blow energy 

63 kJ. On the basis of experimental verification, it 

was stated that it is possible to obtain rim forging 

from AZ31 alloy of assumed quality in the hammer 

forging process. It is widely known that the 

continuous extrusion forming (CONFORM) 

process can produce ultra-long seamless products 

of various cross-sections for aluminum, copper and 

their alloys. In this paper, the continuous extrusion 

of AZ31 magnesium alloy is achieved. The effect of 

extrusion wheel velocity on microstructure of 

extrusions is investigated. The results indicate that 

grain refinement is realized during CONFORM 

process. 

Key words: hammer forging process, AZ31 

magnesium alloy, and finite element method. 

1.0 Introduction: 

Magnesium alloys, due to low weight are 

very attractive to automotive and aviation 

industries. They are applied on low or 

medium service loaded parts including 

rims. Two technologies are applied for 

rims manufacturing: casting and metal 

forming. Semi finished parts obtained by 

these methods are machined to obtain final 

parts. Manufacturing of rim by casting is 

realized by means of gravity casting, low 

pressure casting or squeeze casting. Parts 

made by these technologies posses typical 

casting defects as different inclusions or 

porosities, which causes that their 

mechanical properties do not meet stated 

requirements. Much better effects are 

obtained applying metal forming methods. 

For rims metal forming are used: press 

forging, hollowed billet extrusion, flow 

forming process, and spin forging process. 

Limitations in metal forming of 

magnesium alloys are the effect of small 

plasticity in too low temperatures. 

Favourable forming conditions are 

obtained at low strain rates and at 

preserving isothermal conditions. Due to 

that forging processes of these alloys are 

realized on presses equipped with special 

tools heating systems. Guaranteeing of 

these process conditions increases costs of 

forming in comparison with typical 

forging methods. 

The rim, which model is shown in Figure 

1a, is destined for application in light 

planes. In order to obtain better 

mechanical and functional properties it 

was assumed that the rim would be made 

from a semi-finished product in the form 

of forging. Considering allowance, a 

forging, which model is shown in Figure 

1b, was designed. One of the analyzed 

technologies was die forging on hammer. 

The research works were divided 
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Figure 1 Rim model (a) and drop 

forging model (b) 

 
Figure 2 Distribution of strain in the 

formed material after operation: a) 

upsetting, b) preliminary operation, c) 

final operation 

into two stages. The first one considered 

numerical analysis based on numerous 

simulations by means of finite element 

method. The second stage concerned 

forging tests in industrial conditions. 

2.0 Literature Review: 

Sameer Kumar Devarakonda, (2015) 

Magnesium is very attractive material as it 

has the combination of good strength, low 

weight and good quality. The usage of 

magnesium and its alloys has considerably 

increased over the past ten years. In 

structural applications, where weight plays 

a major role, magnesium is a good choice. 

Its recyclability property also gives an 

edge. The use of magnesium and its alloys 

in automotive components was limited in 

the early sixties and seventies but today 

the awareness on fuel savings and 

environmental protection through reduced 

CO2 emissions makes this material 

attractive. 

Anna Dziubińska, (2016) The paper 

presents the theoretical and technological 

aspects of forming magnesium alloy parts 

for aircraft and automotive applications. 

The main applications of magnesium 

alloys in the aircraft and automotive 

industries are discussed. In addition, the 

forging technology for magnesium alloys 

is generally described, with a particular 

emphasis on wrought alloys. A brief 

outline of the state of the art in the forging 

of magnesium alloys is given based on a 

survey of the specialist literature and the 

results of previous research by the authors. 

Zhao M J, (2017) Deformation force and 

forming quality are the important research 

focus in process of Magnesium (Mg) alloy 

wheel. In this paper, a process model of 

flow control forming (FCF) for the wheel 

was built, and its finite element model was 

given to simulate the FCF process at 

different extrusion speed (5 mm/s, 10 

mm/s, 15 mm/s and 20 mm/s). The 

simulated results show that the FCF 

method for the wheel can reduce 

deformation force to less than 22000 kN, 

while there are cracks on rim of the wheel. 

The results are verified by the experiment 

and the cracks predicted by simulation are 

in good agreement with the experimental 

results. 

3.0 Hammer forging process for an 

AZ31aircraft level: 

The authors propose another technology of 

a hammer forging process for AZ31 alloy 

on the example of the forming process for 

an aircraft lever. The AZ31 lever is shown 

in Figure 3. The barstock with a diameter 

of 40mm and a length of 210 mm was 

heated to a temperature of 410°C. Next it 
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was subjected to bending using a hammer 

with a striking energy of 2100 kg. After 

that, the workpiece was put in a die 

impression, rotated by 90° and forged with 

a 3 mm under forging using the same 

hammer. The air-cooled forgings were 

subjected to flash trimming. Next they 

were heated to a temperature of 410 °C 

and subjected to die forging. The formed 

forgings were subjected to flash trimming.  

 
Figure 3: Aircraft lever made of AZ31 

alloy 

4.0 ANALYSIS RESULTS: 

Commercial software Deform 3D based 

only one on Finite element method was 

used for theoretical analysis. Thermo-

mechanical model of the process was 

considered. Calculations were made 

assuming three-dimensional state of strain. 

Material model was worked out on the 

basis of literature data dealing with 

plastometric research on alloy AZ31. It 

was assumed in calculations that the 

material heating temperature was 410 °C, 

tools temperature equaled 250 °C. Heat 

transfer coefficient between the deformed 

material and tool was assumed equal 11 

000 W·m-2·K-1, and between the material 

and the environment 20 W·m-2·K-1. A 

model of constant friction was assumed in 

which the friction factor corresponding to 

conditions of magnesium-steel alloy 

contact with lubrication of graphite grease 

equaled m = 0, 24. The model of a die 

hammer with the mass of falling part M = 

2 100 kg and blow energy 63 kJ was used. 

It was assumed that the stroke efficiency 

was 60 %. 

On the basis of the volume of a finished 

forming and considering the flash volume, 

the billet in the form a cylinder of 

dimensions ∅100 mm × 93 mm was 

chosen. It was assumed that the forging 

process would be conducted in two main 

operations: preliminary operation (forging 

in the initial impression) and final 

operation (forging in the final impression). 

After preliminary operation additional 

heating was predicted. The results of initial 

simulations showed that during forging in 

the initial impression overlapping appeared 

in the forging. Hence, upsetting operation 

of the billet at height h = 80 mm and 

proceeding the preliminary operation was 

introduced. Additional operation did not 

bring expected results. Overlapping was 

still present in the forging. Only the billet 

upsetting at the height h = 70 mm gave 

positive results. Results of simulations of 

such a forging variant showed that 

overlapping did not appear. Hence, it was 

assumed that the billet would be upset to 

this height. Numerical simulation of the 

whole forging process with the application 

of upsetting initial operation at the height h 

= 70 mm was conducted. The shape of the 

forging with presented distribution of 

strain after each forging operation is 

shown in Figure 2. Strains distribution 

character is typical for forming processes 

on hammer. Larger values are present in 

the forging upper part, from the striking 

tool side. 

Energy necessary for forming operations 

was also calculated in simulation. Figure 3 

presents the energy of particular blows. As 

it results from calculations, for the 

upsetting operation one stroke is needed, 

for preliminary operation 2 strokes and for 

final operations likewise 2 strokes. During 

designing of forging processes a rule is 

used, according to which the hammer size 
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is appropriate if the forging operation is 

conducted by means of 2 - 4 strokes. 

Assuming this rule as evaluation criterion, 

it can be stated that the assumed die 

hammer is adequate for the analyzed 

process realization. 

Research Works In Industrial 

Condition: 

On the basis of the obtained results of 

calculations, technology of wheel rim 

forging manufacturing was 

 
Figure 4: Forging energy at the 

particular operations of the process 

 
Figure 5 Overlapping present in the 

forging made without upsetting: a) 

results of simulations, b) results of 

experiments 

worked out, which consists of the 

following main operations: 

- billet material cutting (extruded bar) to 

the dimensions ∅100 mm × 93 mm, 

- billet heating to the temperature 410 °C, 

- upsetting and initial forging, 

- control of the preform quality, 

- preform heating to the temperature 410 

°C, 

- forging in the final impression, 

- flash trimming, 

- solution heat treatment and aging, 

- control of the forging quality, 

- research on mechanical properties, 

- manufacturing of a finished part by 

machining 

Forging tests were made after designing 

and manufacturing of tools. A die hammer 

with the mass of falling part equal 2 100 

kg and blow energy equal 63 kJ was used. 

During forging lubrication was used by 

means of tallow and graphite type 

lubricant. The first forgings were made 

omitting the upsetting operation. The aim 

of these tests was verification of this 

operation necessity. A forging with 

overlapping in the same area as in the case 

of numerical simulations was obtained 

(Figure 5). During next tests, the billet was 

upset at the height 70 mm, yet, the 

following operations of the technological 

process were used. In the forging 

operations the following number of blows 

was applied: upsetting - 1 blow, 

preliminary operation - 3 blows, final 

operation - 3 blows. These results show 

that the hammer size was correctly chosen. 

Particular stages of the forging process are 

given in Figure 6. 

on mechanical properties. During the 

tension test of specimens cut across fibres, 

the following results were obtained: tensile 

strength Rm = 268 MPa, yield strength Re 

= 183 MPa, elongation A = 15 %. These 

properties fulfilled the requirements 

determined in technical conditions 

concerning the analyzed rim. Industrial 

tests results were assumed as positive; due 
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to that a test series of forgings was made. 

Next, they underwent machining 

operations in order to obtain finished rims 

(Figure 7), which were destined for 

certification research works, allowing for 

these elements application in light planes. 

 

 

 

 
Figure 6: The product shape after the 

following forging stages: a) upsetting, b) 

preliminary operations, c) final 

operation, d) trimming 

 
Figure 7: Finished product made from 

the forging by means of machining 

5.0 Conclusion: 

On the basis of obtained results of 

numerical analysis and industrial tests it 

was stated that the forming of magnesium 

alloy AZ31 wheel rim forging is possible 

by means of die forging hammer. In this 

process, despite of unfavorable 

temperature and strain rate conditions, a 

correct part without shape faults and 

characterized by good mechanical proper-

ties was obtained. Theoretical and 

experimental research works show that it is 

necessary to apply upsetting operations. 

Forging from the billet which has too 

small diameter causes overlapping during 

preliminary forging. Confirmation of die 

forging hammer application in wheel rim 

part forming form magnesium alloy will 

permit to apply this technology in forging 

plants which are not equipped with presses 

with needed load, but which dispose die 

forging hammer. The advantage of the 

presented technology is lower cost and 

lower time of manufacturing preparation 
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comparing with forging on presses in 

isothermal conditions. Magnesium alloys 

provides an opportunity to researchers to 

work in a broad area where there is a lot of 

scope to do. With the global awareness on 

environmental protection, Magnesium 

alloys usage in automotive industry has 

been considerably increased to reduce the 

CO2 emissions, and weight reduction of 

the vehicle thereby increasing the fuel 

economy. 
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