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Abstract. As the key connecting part of the electrical discharge machine (EDM), the slide of 
cross-saddle type directly impacts the machine tool’s machining accuracy. In this paper, the 
friction heats of the bearing and ball screw pair are the main heat source, considering the thermal 
contact resistance (TCR), making the coupled thermos-mechanical deformation analysis for the 
slide applied the finite element analysis (FEA) software. According to the analysis result, the 
temperature field and thermal deformation considering the TCR are closer to the actual working 
condition; in addition, proposed two kinds of optimization design structures. Using the same 
conditions to analyze these structures, finding that a drop in temperature and the thermal 
deformation, especially the cellular form of stiffened plate structure. The analysis results not only 
provide a basis that the further optimization of the slide structure, but also highlight the advantages 
of the honeycomb structure. 
Keywords: EDM, slide, TCR, thermo-mechanical deformation analysis, FEA. 

1. Introduction 

With the rapid development of aerospace enterprise, higher and higher demands were provided 
for the material and precision of the key components, the traditional processing equipment is 
difficult to meet these requirements. In order to solve this problem, machinery industry at home 
and abroad developed a variety of special processing equipments. The EDM was widely used, 
because it has these feature: to overcome the strong by applying soft methods, precision with 
subtle, shape lifelike, and high degree of automation [1]. Machine tool influenced of internal and 
external heat source in the working process, and result in uneven temperature distribution, the 
machine parts occurred different extent of thermal deformation, which destroy the relative motion 
between the machine tool parts, reduce the machining accuracy of machine tools. According to 
statistics found that: In the precision machining, machine tool thermal deformation caused error 
occupied the total error’s 40 %-70 % [2].  

In this paper, the friction heat of the bearing and ball screw pair are the main heat source, in 
the process of heat transfer, due to the contact surface is not completely, so the thermal contact 
resistance (TCR) was introduced. In addition, the screw rotation will drive the surrounding gas 
movement, resulting in a forced convection phenomena, based on the above analysis, established 
the initial and boundary conditions of the slide thermal modal. Using Solidworks and ANSYS 
Workbench software established finite element model (FEM) of slide, on this basis, the coupled 
thermo-mechanical deformation analysis was carried out, according to the result of analysis, put 
forward two kinds of structure improvement plan. 

2. The coupled thermo-mechanical deformation analysis of the slide 

In order to get the any position temperature field and thermal deformation of the slide, under 
the condition of the temperature unknown, adopt the coupled thermo-mechanical deformation 
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simulation analysis of the indirect method for the slide, the analysis flow chart is shown in Fig. 1. 
In order to ensure the strength and stiffness of the slide meet the requirements, selected the 

gray cast iron and bearing steel material, main parameters are shown in Table 1. 

 
Fig. 1. The thermal coupling deformation analysis flow chart of the slide 

Table 1. The material parameters of the slide 

Part Material Density 
Kg/m3 

Modulus of 
elasticity 

GPa 

Poisson‘s 
ratio 

Specific heat 
capacity 

J/(Kg·°C) 

Expansion 
thermal 

coefficient °C-1

Thermal 
conductivity 
W/(m·°C) 

Slide Gray cast 
iron 7200 110 0.28 447 1.1×10-5 52 

Bearing 
and nut 

Bearing 
steel 7810 207 0.3 460 1.2×10-5 45 

2.1. The establishment of the finite element model 

The stand or fall of the FEM directly related to the accuracy of the analysis and the 
computational cost. There are two kinds of methods to establish the slide’s FEM: the firstly, 
adopted the 3D-CAD software to establish the entity model of the slide, and then through the 
initial graphics exchange specification (IGES) imported into the FEA software; the second is the 
modeling function of ANSYS Workbench software itself, on the basis of ignoring details, 
obtaining a geometric approximate solution of the model. Because the latter's modeling function 
is weak, adopted the Solidworks software build the 3D entity model of the slide, and then imported 
to ANSYS Workbench software, adopted the combining method of the automatic and manual 
mesh grid to mesh for the entity model, the FEM is shown in Fig. 2. 

Fig. 2. The finite element model of the slide 

2.2. Analysis and calculation of the heat source 

The main heat source that impacted the thermal characteristics of machine tool are heat cutting, 
electrical heat, friction heat transmission and radiation [3]. Because the heat shield is equipped 
between the slide and motor, at the same time, EDM electrodes’ discharge process in the working 
liquid, there is less heat conducts to the slide, the temperature rise is small, less radiant heat, 
therefore, above the heat source can be negligible. For EDM work in motor and ball screw is a 
continuous movement, so the slide’s heat source mainly comes from the friction of the bearing 
and ball screw pair. 
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2.2.1. Bearing friction heat 

The bearing, as the main supporting parts, will produce a lot of friction heat when the motor 
drives the ball screw rotation, the heat is mainly caused by the friction between the rolling body 
and the bearing of inner and outer ring, its size is directly related to the friction torque. Calculating 
formula is [4]: ܳ௕ = 1.047 × 10ିସ ,ܯ݊ ܯ(1) = ଴ܯ + ଵ, (2)ܯ

where ݊ is bearing rotating speed; ܯ is bearing friction torque, mainly including load friction 
torque ܯଵ and the lubricant viscosity friction torque ܯ଴. 

Because of rolling bearing friction torque is nonlinear relationship, the friction torque will be 
different with the change of time for the same type or even the same set of bearing. Due to the low 
speed of the EDM, therefore, the current apply the approximation algorithm of bearing friction 
torque is put forward by Palmgren. Calculation formula is: ݊ݒ > ଴ܯ   ,ݐ2000ܿܵ = 10ି଻ ଴݂(݊ߥ)ଶ ଷ⁄ ݀௠, ݊ݒ(3) < ଴ܯ   ,ݐ2000ܿܵ = 160 × 10ି଻ ଴݂݀௠ଷ , ଵܯ(4) = ଵ݂ ଵܲ݀௠, (5)

where ଴݂ is a empirical constant related to the bearing type; ݀௠ is bearing pitch diameter; ߥ is 
kinematic viscosity of lubricant about the working temperatures; ଵ݂ is a coefficient related to the 
bearing types and load; ଵܲ is a calculation load to determine the bearing friction torque. 

2.2.2. The friction heat of the ball screw pair 

The friction heat of the ball screw pair is mainly caused by the complexity of raceway surface 
structure, the heat cannot spread out in time, has a certain lag, make uneven temperature 
distribution of the raceway surface. Its size is associated with the friction torque of ball screw pair, 
expression is [5, 6]: ܳ = (6) ,ܯ݊ߨ0.12

where ݊ is speed of the screw; ܯ is friction moment of the ball screw pair, mainly including 
sliding friction torque ܯ௛ and rolling friction moment ܯ௚ between the ball and raceway work, 
friction torque between the ball ܯ௕, friction torque betweem ball bearing and reverser ܯ௙, and 
viscous friction torque of lubricant ܯఔ. Computation formula is: ܯ = ௛ܯ + ௚ܯ + ௕ܯ + ௙ܯ + ,ఔܯ (7)

where ܯ௛, ܯ௚, ܯ௕, ܯ௙, ܯఔ can be detected from the literature [6]. 

2.3. The initial and boundary conditions 

The above calculated friction heat in the form of heat generation rate applied to the FEM of 
slide. Heat generation rate is the flow of heat of the per unit volume, use the formula is  
expressed is: ݍ = ܳ ܸ⁄ , (8)

where ܸ is the volume of the bearing or screw nut. 
In the study of the past, many people assume: two solid contact surface is completely contact, 
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namely the TCR is 0. In fact, the contact area occurs a small number of micro convex peak, is a 
very small proportion account for the nominal contact area. 

2.3.1. The calculation of the TCR 

Convenient to measure and calculation, by using the Monte Carlo Model for numerical 
calculation of TCR, its expression is: 

۔ۖۖەۖۖ
1ۓ ܴ௖⁄ = ෍ 1 ܴ௖௜⁄ே೎

௜ୀଵ ,ܴ௖௜ = ݂(ܽ ܾ⁄ ) ⁄௦ܭ2ܽ ,݂(ܽ ܾ⁄ ) = 1 − 1.40918(ܽ ܾ⁄ ) + 0.3381(ܽ ܾ⁄ )ଷ + 0.06792(ܽ ܾ⁄ )ହ,1 ⁄௦ܭ = 1 ⁄ଵܭ + 1 ⁄ଶܭ ,
 (9)

where ܴ௖ is TCR; ܭଵ, ܭଶ are thermal conductivity of the contact materials respectively; ܽ, ܾ are 
contact zone radius of disk and hot flow channel radius respectively. 

2.3.2. The calculation of convection heat transfer coefficient 

There are three kinds of way of heat transfer: conduction, convection and radiation. Due to the 
temperature rise of the sliding seat is small when the machine tool is working, so mainly take into 
consideration the conduction and convection for the analysis of slide, thermal conductivity is given 
in Table 1, the size of the convective heat transfer can accord the Newton cooling formula obtained: ܳ = ℎܣ൫ݐ௙ − ௪൯, (10)ℎݐ = ௨ܰߣ ⁄ܮ , (11)

where ℎ is convective heat transfer coefficient; ௨ܰ is Nusselt number; ߣ is thermal conductivity; ܮ is feature sizes.  
The convective heat transfer between slide and surrounding gas includes natural convection 

heat transfer, and the forced convective heat transfer is caused by lead screw drive the surrounding 
gas movement. The calculating formula of the Nusselt number [7, 8] respectively: 

Natural convection:  ௨ܰ = ௥ܩ)ܥ × ௥ܲ)௡, (12)ܩ௥ = ଷܮݐ∆ߚ݃ ⁄ଶߥ , (13)

where ܥ, ݊ are constant; ܩ௥ is Grashof numeral; ௥ܲ is Prandtl number; ݃ is acceleration of gravity; ߚ is expansion coefficient; ߥ is kinematic viscosity. 
Forced convection: 

௨ܰ = 0.133ܴ௘ଶ ଷ⁄ ௥ܲଵ ଷ⁄ ,   (ܴ௘ < 4.3 × 10ହ, 0.7 < ௥ܲ < 670), (14)

where ܴ௘ is Renault coefficient of air. 
Assuming that the air flow is laminar, the up and down surface of the slide are large flat, Planck 

number, expansion coefficient is constant, the speed of the ball screw pair for 600 r/min,  ݃ = 9.81 N/Kg, other parameters can be detected from the literature [9], using the Eqs. (10)-(14) 
can obtain that forced convection heat transfer is the natural convection heat transfer of about 
seven times. 
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2.4. Results analysis 

Through the above calculation, the heat flux and boundary conditions have been divided in the 
FEM, there are two kinds of circumstances that applying and without TCR, the Fig. 3 and 5’s 
temperature field cloud picture are obtained by steady state thermal analysis; and then the 
temperature field distribution as the load, applying power load and fixed constraint to the statics 
analysis, its total deformation nephogram as shown in Fig. 4 and Fig. 6. 

We can see from the diagram that the highest temperature appears in bearing and nut, the 
highest temperature is 42.036 °C when without the TCR, the highest temperature of 42.541 °C 
when with the TCR, the proportion of the highest temperature on the slide is decreases, and 
showed the TCR impact the heat transfer. Through the analysis of the thermal deformation find 
the maximum thermal deformation occurred in the connected to the bearing parts, the greatest 
thermal deformation is 57.216 μm without the TCR, applying the TCR is 57.774 μm. 

 
Fig. 3. The temperature field without TCR 

 
Fig. 4. The thermal deformation without TCR 

 

 
Fig. 5. The temperature field with TCR 

 
Fig. 6. The thermal deformation with TCR 

 

 
Fig. 7. Structure 1 

 
Fig. 8. Structure 2 

Table 2. The biggest change of the highest temperature and thermal deformation  
of the two kinds of structure 

 The highest 
temperature drop °C 

The biggest thermal 
deformation μm 

The thermal deformation of 
relative value 

Structure 1 0.41 0.693 4.29 % 
Structure 2 2.25 6.635 41.08 % 
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3. Measures of reducing thermal deformation 

Reduce machine tool thermal deformation can consider from such aspects: decrease the TCR 
or increase the TCR, and optimize the structure of the slide. Among them, reduce the TCR can 
make heat concentrated in bearing and nuts, make the deformation of ball screw pair serious; 
increasing the TCR, the decrease of the thermal deformation volume is small, so consider slide 
the optimization of the structure. 

According to the original structure set different forms of stiffened plates. Through the 
Solidworks software to establish 3D model of the structure of the two, as shown in Figs. 7 and 8. 

Using the same heat source and boundary conditions to make the coupled thermo-mechanical 
deformation analysis on the two structures, the highest temperature and thermal deformation’s 
position constant, the change amount shown in Table 2. 

4. Conclusions 

The cross saddle type slide is the key parts of the EDM, its thermal deformation has much 
effect on the machining accuracy. This article is based on Solidworks and ANSYS Workbench 
software established finite element model of the slide by applying the initial and boundary 
conditions, the deformation of thermal coupling analysis was carried out on the slide, found that 
the TCR had a great influence on the distribution of temperature field, and according to the 
analysis results on the basis of the original structure set up different forms of stiffened plate, two 
kinds of structure optimization design are obtained. Compared with the original structure, two 
kinds of schemes of intensity and rigidity were increased. In addition, in terms of the thermal 
deformation, structure a temperature drop of 0.41 °C, thermal deformation decreased by 4.29 %; 
structure of temperature drop of 2.25 °C, thermal deformation decreased by 41.08 %. Results 
show that through the reasonable arrangement of stiffened plates slide in the form and position, 
can reduce the thermal deformation, slide not only highlight the advantages of the honeycomb 
structure, and to provide the basis for the further optimization of slide structure. 
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