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Abstract: For the purposes of application research and evaluation, the horseshoe joint 

structure is made of TC4 titanium alloy. The titanium alloy forging requires stable 

internal quality. However, in the forging process, defects such as filling dissatisfaction 

and streamline disorder are easily occurred, which seriously affects the quality of the 

forgings. The Pro-E software was used to design the TC4 titanium alloy forgings. 

According to the isothermal forging characteristics of the forgings, the forging 

temperature range, mold materials, and forging equipment were determined, and the 

molds and blank shapes used for numerical simulation were designed  
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1. Introduction 

The plastic deformation process of metal during forging is a highly nonlinear process. 

The conditions and mechanism of its deformation are very complicated. It is difficult to 

accurately simulate the forging using traditional methods, which greatly limits the 

further development of forging technology. The flow law and the evolution process of 

the microstructure and properties during the metal forming process can be studied. 

The strain, stress field, temperature field, and other thermal and mechanical properties 

in the deformation body at any time can be obtained. Parameters, analysis and design 

of forging process, shorten the design cycle of the mold, save a lot of manpower and 

material resources. 

 

2. TC4 Horseshoe Joint Structure Process Design 

2.1 Analysis of Part Structure 

The object of this study is a horseshoe joint. The part is a cup-shaped and U-shaped 

composite structure, the material is TC4. The large radius of the part is 50mm, the 

small radius is 30mm, the cup depth is 20mm, the U-shaped depth is 20mm, and the 

width is 30mm. Figure 1.1 shows the structure of the horseshoe joint. 
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Figure 1. Shows the Structure of the Horseshoe Joint. 

2.2 Analysis of Die Forging Structure 

The radius of the fillet is related to the size of the forgings. The height of the forgings 

is large and the radius of the fillets should also be increased. In order to ensure that the 

forged fillet has the necessary machining allowance, the radius of the fillet can be 

determined by the following formula: 

r  
Type   - The fillet radius or chamfer at the corresponding location on the part 

 - Allowances 

The radius of the fillet used in this article is 1.5mm and the radius of the fillet is 3mm. 

The design of the TC4 titanium alloy horseshoe joint die forged parts is shown in Figure 

1.2. 

 

Figure 2. Figure TC4 Titanium Horseshoe Joint Die Forgings 

 

2.3 Isothermal Forging Process Design 

The forging equipment used for isothermal forging is a rate-controllable, and is 

equipped with a special hydraulic machine that heats the mold to a dedicated heating 

device for forging temperature. The press speed of the press is usually controlled 

within the range of 10-3 mm/s to 101 mm/s. This article horseshoe joint structure 

forging final forging using isothermal forging hydraulic press. 

 

2.4 Final Forging Die Design 

After the completion of forging drawing design and forging die selection, the Pro-E solid 

modeling software was used to obtain the final forging die. The specific steps are as 

follows: 

(1) Enter the three-dimensional modeling module of the part, transfer the hot forging 

entity as the mold cavity, and design the reference setting module size; 

(2) Determine the position of the parting surface and divide the final forging die into 

two modules. 

Figure 3.4 left is the upper die, the diameter of the big circle is 52mm, the height of the 

big cylinder is 30mm, the diameter of the small cylinder is 28mm, the height of the 

small cylinder is 18mm; Figure 3.5 is the lower die, the diameter of the big circle is 
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82mm, the total height is 107mm, the diameter of the small circle It is 52mm. The 

depth of the die is 77mm. The elevation of the elevation is 18mm and the width is 

28mm. After the design is completed, the upper and lower cavity structures of the final 

forging die are the same, as shown in Figure 3.4. Save it as an .stl file format for finite 

element simulation. 

 

Figure 3. Mold Cavity Structure 

 

3. TC4 Titanium Alloy Horseshoe Joint Forgings Forming Process 

Simulation 

3.1 Model Simplification and Simulation of Initial Condition Settings 

(1) Model import 

The DEFORM-3D numerical simulation software was used to simulate the forming 

process. The three-dimensional modeling of the upper and lower molds and blanks was 

given by the data in Fig. 3.5 and Fig. 3.6. 

(2) Material Model 

The American grade Ti-6Al-4V (equivalent to domestic TC4) was selected and the 

material model was a rigid viscoplastic flow stress model. 

(3) Mesh division 

According to the absolute grid division, 1/2 of the blank is selected as the research 

object, and the number of three-dimensional tetrahedral element grids is 18920. The 

maximum grid size is 3mm. 

(4) Contact conditions 

First, the upper mold, the lower mold, and the blank are subjected to a mold, and the 

positional relationship is as shown in Fig. 3.5. Without considering the heat conduction 

and wear between the objects, the shear friction coefficient between the blank and the 

die is defined as 0.25. 

 

Figure 4. Initial Position and Grid of Blanks and Dies 

(5) Temperature 

Set the mold and billet temperatures to 900 °C. 
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(6) Mold movement 

Define the upper model as the main animal, the movement direction is -X, the 

movement speed is set to 5mm/s, the simulation step length is 0.2mm/step, and the 

total number of operation steps is roughly set to 100 according to the "depression total 

height/simulation step length" step. 

 

3.2 Analysis of Simulation Results 

Figure 3.7 shows the load-stroke curve of the horseshoe joint, Figure 3.8 shows the 

stress distribution of the horseshoe joint, Figure 3.9 shows the strain distribution of the 

horseshoe joint, Figure 3.10 shows the horseshoe joint temperature distribution, and 

Figure 3.11 shows the horseshoe joint deformation speed distribution. 

 

Figure 5. Horseshoe Joint Load-Stroke Curve 

 

Figure 6. Horseshoe Joint Stress Distribution 

 

Figure 7. Strain Distribution of A Horseshoe Joint 
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Figure 8. Temperature Distribution of a Horseshoe Joint 

 

Figure 9. Distribution of Deformation Speed of Horseshoe Joint 

From Figures 3.6 to 3.11, it can be seen that the flow characteristics of the closed 

forging material of the forging determine the uneven distribution of the stress along the 

loading direction at the later stage of forming the isobaric billet; at the initial stage of 

deformation, the deformation of the billet is relatively small, and the contact area 

between the billet and the mold is also Smaller, the required load is smaller; as the 

deformation increases, the contact area between the parts of the billet and the mold 

gradually increases, and the load increases slowly. The simulation results were 

analyzed and the forming quality of the forgings was good. The deformation of the 

forgings is relatively uniform, thereby ensuring the uniformity of the flow lines and 

tissues inside the forgings and the rationality of the required deformation force. 

 

4. Conclusion 

(1) The simulated metal flow characteristics of the horseshoe joint show that the joint 

cup-shaped structure is formed prior to the U-shaped structure, and the metal flows 

smoothly during the forming process without forming defects. 

(2) The characteristics of the punch load change show that when the metal is mainly 

formed into the cup-shaped structure with reverse flow, the punch load increases 

slowly; when the forward flow is mainly formed into the U-shaped structure, the punch 

load increases rapidly to the peak, and Volatile. 

(3) The use of metal composite flow isothermal forging forming shape horseshoe joints, 

the process is feasible. 
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