
1 

 

Study of Structural and Thermal Deformation on Ball Screw System (BSS) 

Using Finite Element Method (FEM) 

 
Ruwayda Sidi Ahmad 

RPS Unit 

Universiti Kuala Lumpur 

Malaysia France Institute 

Seksyen 14, Jalan Teras Jernang 

43650 Bandar Baru Bangi, Selangor 

email: ruwayda@unikl.edu.my 

 

Wan Mansor Wan Muhamad, 
Universiti Kuala Lumpur International College 

UniKL MFI, Seksyen 14, Jalan Teras Jernang 

43650 Bandar Baru Bangi, Selangor 

email: drwmansor@mfi.unikl.edu.my 

 

Izatul Hamimi Abdul Razak 
Mechanical and Manufacturing Section 

Universiti Kuala Lumpur 

Malaysia France Institute 

Seksyen 14, Jalan Teras Jernang 

43650 Bandar Baru Bangi, Selangor 

email: izatulhamimi@mfi.unikl.edu.my 

Mohd Nizam Ahmad 

Universiti Kuala Lumpur 

Malaysian Spanish Institute 

Lot 13-16, Kulim Hi-Tech Park 

09000 Kulim, Kedah 

email: mohdnizam@msi.unikl.edu.my 

 

 

 

 

 

 
 

Abstract   

 

Modern manufacturing industry highly demands high precision in machining to seek greater quality finishing. 

Therefore, in high speed machining, CNC machine tools are equipped with a ball screw driving system because 

of its high efficiency and longer life components. However, most of the time, thermal errors on the feed drive 

system are primarily caused by the friction heat generated at moving parts such as screw shaft, nut, end-bearing, 

and slide ways which cause thermal deformation in the ball screw system. This friction heat generated affects 

machining accuracy especially on the positioning accuracy along each axis. Reduction of thermal deformation of 

a ball screw is important in order to achieve the dimensional accuracy in machining activity. Therefore, in this 

research, an optimal solution will be sought after to reduce thermal errors to enhance the machining precision. 

Simulation work will be conducted using finite element method to determine the thermal deformation 

characteristics and mechanical behavior in machine tools components in order to reduce the thermal effects on 

the machine tools components to improve the machining accuracy of the manufactured parts. 

 

Keywords: High Speed Machining (HSM), Ball Screw System (BSS), Structural and Thermal Deformation, 

Finite Element Analysis (FEA) 

 

 

 

1. INTRODUCTION 

 

Recently, the thermal effect on the accuracy influences 

the behavior of the machine tools mechanical structure. 

The most important quality characteristic in evaluating 

the acceptability of manufactured parts is dimensional 

accuracy. However, thermal errors on the feed drive 

system are primarily caused by the friction heat 

generated at moving parts such as screw shaft, nut, 

end-bearing, and slide ways which cause thermal 

deformation in the ball screw system. This friction heat 

generated affects machining accuracy especially on the 

positioning accuracy along each axis [1]. Meanwhile, 

the structural deformation is basically induced by the 

loading condition and load carrying during the cutting 

operation. The reduction of deformations of ball screw 

system is important in order to achieve the dimensional 

accuracy in machining activity.  

 

By considering the thermal deformation of BSS is the 

most important parts to consider for high accuracy and 

high speed machine tool, preload on ball screws is 

necessary in order to achieve greater precision 

positioning. However, a lot of amount of force required 

for rotation if too much preloading and it will increase 

the friction consequently. Therefore, it produces larger 

thermal expansion between screw and steel ball. As a 

result it will caused the accuracy of position is affected 

and the operation life of ball screw is reduced.  

 

Basically, compactness, high precision and high 

rigidity is the key design requirements in achieving 

better dimensional accuracy. Meanwhile, the process of 
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developing high performance ball screw system 

involves simulating their dynamic performance using 

virtual model which is computer model of components 

that is used for testing, analysis and validation 

purposes during the design stage of the components. 

Therefore, the computer models must accurately 

represent the dynamic behavior and interaction of key 

components of the real machine to be successfully used 

as virtual model [2].   

 

Therefore, in this research, an optimization study will 

be performed to identify the optimal solution to reduce 

deformation of ball screw system in order to enhance 

the machining precision. Research work will be 

conducted using simulation to determine the thermal 

errors characteristics and mechanical behavior of ball 

screws system of the existing CNC machine using 

Finite Element Analysis. The research focuses on the 

factor that gives the structural and thermal deformation 

on the ball screw such as operating condition, 

lubricant, components geometric, temperature and 

material weight.  

 

Modeling of ball screw system and its mechanical 

characteristics briefly describe in section 2. In section 

3, explain the purposes of this study and the detailed 

methodology of the research are given in section 4.  

 

2. LITERATURE REVIEW 

 

2.1 Modeling of Ball Screw System 

 

A ball screw is a mechanical device which converts the 

rotational motion of the electrical motor to linear 

motion of the slide. The most common way of using a 

ball screw consists in the rotary screw arrangement 

(Fig. 1). The screw is supported on roller packs in the 

fixed part of the machine and it is operated by a rotary 

servomotor.  

 

 
Fig. 1: Mechanical components of a ball screw system. 

 

From an energy point of view, the subject of the 

modeling activity may be made up of: guide ways 

(sliding, rolling, aerostatic or hydrostatic), ball screw 

shaft and nut, bearing, couplings and electric motor. 

The rotary motion of the screw is converted into a 

translation at the nut, which is connected to the table 

supported by the guideway at two parallel sides. The 

structural dynamics of the ball screw drive system is 

modeled by a hybrid mixture of finite element, lumped 

masses, and springs, representing the joints [3].  

 

 

2.2 Structural and Thermal Error Analysis of 

Ball Screw System 
 

The increasing of demands in high speed machining 

such as 3 axis CNC Milling Machine, the important 

characteristics in evaluating the acceptability 

manufactured parts is dimensional accuracy. However, 

most of the time, thermal errors on feed drive systems 

affect the dimensional accuracy of the machined parts. 

 

Feed drive system positioning error directly affects 

working accuracy of the machine tools. There are six 

kinds of positioning errors of the feed system 

according to sources: (1) error of control system, (2) 

manufacturing error (geometrical error) of each 

component, (3) error resulting from the pre-tightening 

force of lead screw and bearing, (4) thermal error 

caused by temperature variation, (5) error of loss of 

momentum (drive stiffness and torsional rigidity) 

caused by axial direction and torsional load, (6) 

kinematic error caused by acceleration and deceleration 

[7]. Within the various sources of errors, error of 

thermal deformation caused by temperature is the 

biggest, and it is also difficult to control [8]. 

 

Error prevention method and error compensation 

method is the two basic approaches in machine tools 

error reduction and the increasing of measuring 

precision. Currently, most researchers have done on 

thermal error compensation of the whole machine 

tools. Thermal error is a time-dependent non-linear 

process caused by non-uniform temperature variation 

in the machine structure. The interaction between the 

heat source location, its intensity, thermal expansion 

coefficient and the machine system configuration 

creates complex thermal behavior [1].  

 

Obviously, various researchers study on thermal 

deformation in machine tools and the main method 

concerned are finite element method, multiple linear 

regression method, neural network model method, 

thermal error model method established by multi-body 

theory [4-10]. The friction torque of a ball screw is 

driven by two things, the first things is preload, which 

is oversized ball are compressed between nut and shaft. 

These parts of the friction torque react heavily to 

machining tolerances. The slightest increase in thread 

diameter of a certain portion of the screw shaft causes a 

substantial increase of the preload, which in turn causes 

additional friction.  

 

The second part is viscous friction which balls are 

plowing through the grease or whatever lubricant is 

used. This portion of the friction goes up in lower 

temperatures, or if fresh grease is applied. Some 

researcher found that in a ball screw mechanism the 

main friction sources are the friction among balls, the 

friction losses due to sliding between balls and groves 

and, finally friction losses due to rolling and boring 

motion [5]. To improve all this friction is by reducing 
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the friction of coefficient through a suitable selection 

of the lubricant and its quantity.   

 

3. PURPOSES AND OBJECTIVE OF STUDY  

The purpose of this research is to improve design of 

BSS based on reduction of structural and thermal 

deformations of the BSS components. To achieve this 

purpose of study, there have a few things need to be 

studied according to the listed objectives of this 

research as follow:    

1. To investigate thermal errors characteristics and 

mechanical behavior of ball screws system of the 

existing CNC machine using Finite Element 

Analysis. 

2. To identify optimal solution to reduce deformation 

of ball screw system using optimization method. 

3. To validate that the optimal solution will give 

better results than the existing solution. 

 

 

4. METHODOLOGY 
 

The aim of this research study is to reduce the thermal 

effects on machine tools components in order to 

improve the machining accuracy of the manufactured 

parts and to achieve the great stiffness of the machine 

tools components. As mention in figure 2, the method 

used to achieve the aim of this research is by 

investigate the thermal errors and the mechanical 

behavior of the machine tools components by 

performing structural the  and thermal stress analysis 

through Altair Hyperworks software. The model of the 

ball screw feed drive system will be develop in CAD 

software and running the optimization process using 

Hyperstudy (Altair Hyperworks). 

 

 
 

Fig. 2: Analysis flowchart 
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5. OUTCOME AND DISCUSSION 
 

The expected results of this research by improving the 

design of the existing model by increasing the 

performance of feed drive system with the great 

stiffness to producing dimensional accuracy of 

manufactured. Optimum factor includes material, 

lubricant, loading condition, and components 

geometric for ball screw system that give the suitable 

value to minimize thermal deformation on ball screw 

system parts. The validated optimal solutions that 

minimize deformation of the ball screws system 

provided. 

 

 

6. CONCLUSIONS  

 

Without a proper research studies and developments 

towards each combination of ideas and technologies, 

the expected outcome will highly intend to failure 

rather than success. Therefore, it’s critical to develop 

an optimization design research regarding to ball screw 

system due to overcome the increasing demands of 

higher performance of machine tools component. 

Development of numerical model for machine tools 

component and evaluation of newly generated design 

subject to actual loadings are expected to be ultimate 

outcome of this research. 
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