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Large-sized gantry-type linear motor sliders are widely used in industry, for example as devices in liquid crystal panel production and as 

feed drives of machining centers. To improve the control performance of a gantry-type linear motor slider, it is important to develop an 

appropriate control model. Although various control models of large-sized gantry-type linear motor sliders were developed in previous 

studies, there is no study that developed a control model which precisely reproduces the characteristics of a large-sized gantry-type linear 

motor slider. In this paper, the control model of a large-sized gantry-type linear motor slider was derived by using identified transfer 

functions, which are approximations of measured frequency responses of an experimental machine. It was shown that modifications of the 

transfer functions were required to derive a precise control model. Comparison between the derived control model and the actual 

experiment, showed that the derived control model satisfactorily approximates the actual machine’s characteristic. 
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1. Introduction 

In recent years, use of linear motor sliders in industry has 

increased. Gantry-type linear motor sliders are an example of 

application of linear motor sliders. They are used in various ways, 

for example such as liquid crystal panel production devices (1) or 

feed drives of machining centers (2).  

To improve the control performance of a gantry-type linear motor 

slider, it is important to develop a precise control model. In the 

previous study, a control model of large-sized gantry-type linear 

motor slider was developed by using a spring-mass-damper system 

(3). 

However, not all frequency characteristics were considered in the 

control model, thus the precision of the control model was not 

sufficient. For example, the oscillation phenomenon, which occurs 

in the actual experimental machine when high feedback gain is 

applied, is not reproduced with the developed control model.  

Our aim in this paper is to derive a more precise control model 

of large-sized gantry-type linear motor slider which will reproduce 

the unique characteristics of the slider by measuring frequency 

responses of actual machine. 

2. Experimental Equipment 

Fig.1 shows a large-sized gantry-type linear motor slider which 

is used in this research. It comprises two linear motor sliders that 

are installed in parallel. Two tables are placed one on each of the 

linear motor sliders. The tables are coupled by a top bar through 

attachments. Position response of each slider is detected by a linear 

encoder that is attached to each linear motor slider. Table 1 shows 

the main specifications of each linear motor slider.  

 

 

 

a) Correspondence to: Toshiyuki Tachibana. 
 E-mail: tachibana.toshiyuki831@kyutech.mail.jp 

 ＊ Kyushu Institute of Technology Graduate School of Life Science 
and Systems Engineering  2-4 Hibikino, Wakamatsu-ku, 
Kitakyushu, Fukuoka, 808-0196, JAPAN 

  **National Institute of Technology, Kitakyushu College  
5-20-1 Shii, Kokuraminamiku, Kitakyushu, Fukuoka, 802-0985 Japan 

Fig. 1 Gantry type linear motor slider 

Table.1 Specifications of experimental equipment 

Linear slider SGT1F32-107AH20-0 (YASKAWA) 

Linear motor SGLFW-35A120A (YASKAWA) 

Rated force 80[N] 

Max force 220[N] 

Resolution of a linear sensor 0.5[μm/pulse] 

Mass of a table 3.9[kg] 

Mass of a base 42[kg] 

Stroke 1070[mm] 

Distance between 

 two sliders 
500[mm] 
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3. Control Model Derivation 

3.1 Definition of a Control Model 

Since the two tables of a gantry-type linear motor slider are 

coupled by a top-bar through the attachments, a force applied to one 

table affects the other table. By considering this characteristic, the 

control model of gantry-type linear motor slider was defined. Fig.2 

shows a block diagram of the defined control model, where 𝑓1 and 

𝑓2  are force references to each linear motor slider, 

𝐺1(𝑠), 𝐺2(𝑠), 𝐺3(𝑠)  and 𝐺4(𝑠)  are transfer functions from each 

force reference to each acceleration, 𝑠  is Laplace operator, 𝑥𝑡1 

and 𝑥𝑡2 are positions of two tables, “Approximation of distortion” 

block represents the influence of distortion, which is explained in 

reference (3), using the same experimental machine as this research, 

and 𝑥𝑓𝑏1  and 𝑥𝑓𝑏2  are positions of each table affected by 

distortion. 𝑥𝑓𝑏1 and 𝑥𝑓𝑏2 are each measured by the attached linear 

encoders. 

 

3.2 Measurement of Frequency Response 

To identify transfer functions 𝐺1(𝑠) , 𝐺2(𝑠) , 𝐺3(𝑠)  and 𝐺4(𝑠) , 

frequency responses of the experimental machine were acquired. 

Vibration of the experimental machine was excited by inputting a 

white noise signal to each linear motor and an acceleration signal 

was acquired from accelerometers which were attached to the top 

bar of the experimental machine. Fig.3 shows the mounting 

positions of accelerometers and an overview of the experimental 

system. Four frequency responses 𝐻1, 𝐻2, 𝐻3 and 𝐻4  were 

measured and calculated by using FFT analyzer. Table 2 shows the 

parameters of FFT analysis. Table 3 shows the input and output 

conditions of each frequency response. Results of measurements 

are shown in Fig.4 in the next chapter together with the frequency 

responses of identified transfer functions.  

 

 

 

3.3 Identification of Transfer Functions(4) 

By using the measured frequency responses, transfer functions 

which approximate the measured frequency responses were derived. 

Transfer functions 𝐺𝑖 , which correspond to 𝐺1(𝑠) , 𝐺2(𝑠) , 𝐺3(𝑠) 

and 𝐺4(𝑠), shown in Fig.4, were defined as described by equation 

(1).   

 

𝐺𝑖(𝑠) =  
𝑏𝑖2𝑠2 + 𝑏𝑖1𝑠 + 𝑏𝑖0

𝑠2 + 𝑎𝑖1𝑠 + 𝑎𝑖0

(1) 

 

In order to determine each coefficient of 𝐺𝑖(𝑠) , evaluation 

functions 𝐽𝑖  were defined as described by equation (2) for each 𝐺𝑖 

(𝑖 = 1,2,3 and 4) , where 𝑗  is imaginary unit, 𝑓𝑘 = 0.5 × 𝑘 [𝐻𝑧],

𝐻𝑘
𝑖   are frequency responses of 𝐻𝑖   with frequency 𝑓𝑘 , and 

𝑤𝑖(𝑓𝑘) are weight functions, applied to each frequency. 

 

𝐽𝑖 = ∑ 𝑤𝑖(𝑓𝑘)|𝐺𝑖(2𝜋𝑗𝑓𝑘) − 𝐻𝑘
𝑖 |

2
400

𝑘=0

(2) 

 

Since 𝐽𝑖  represent the differences of frequency responses 

between 𝐺𝑖 and 𝐻𝑖, the optimal coefficients of 𝐺𝑖 were derived 

by minimizing 𝐽𝑖 .  In this case, values of the weight functions 

around 100[Hz] were set larger than other weight values because all 

frequency responses have vibration mode at around 100[Hz]. 

Table 4 shows coefficients of transfer functions which are 

determined by this method. 

 Fig.4 shows comparison of frequency responses 𝐻𝑖  and 

frequency responses of identified transfer functions 𝐺𝑖 . It can be 

seen that each transfer function approximates each frequency 

response well. 

 

 

Fig. 3 Overview of experimental system 

Table.3 Input and output conditions of frequency response 

measurement 

Frequency  

Response 

Input signal Output signal 

𝐻1 Linear motor slider 1 Sensor1 

𝐻2 Linear motor slider 1 Sensor2 

𝐻3 Linear motor slider 2 Sensor1 

𝐻4 Linear motor slider 2 Sensor2 

 

Table.4 Coefficients of identified transfer functions 

𝑖 1 2 3 4 

𝑎𝑖1 151.83 117.84 115.93 138.88 

𝑎𝑖0 4.46 × 105 4.29 × 105 4.31 × 105 4.51 × 105 

𝑏𝑖2 3.77 −0.159 −0.157 3.79 

𝑏𝑖1 475.89 324.79 299.97 468.46 

𝑏𝑖0 7.95 × 105 6.25 × 105 6.24 × 105 7.76 × 105 

 

Table.2 Parameters of FFT analysis 

Model No. OR24 

Frequency range From 0[Hz] to 200[Hz] 

Frequency resolution 0.5[Hz] 

Output signal White noise 1.0[V] 

 

𝐺4
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+
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Fig. 2 Identified control model 



Control Model Structuring of Gantry-Type Linear Motor Slider (Toshiyuki Tachibana et al.) 
 

 3  

 

 

4. Modification of Control Model 

4.1 Influence of the Tables Coupling in Actual Machine 

Since the two tables of the gantry-type linear motor slider are 

coupled by the top bar through the attachments, it is assumed that 

the position difference between the two tables does not exceed a 

certain range. In the reference (3), where the same experimental 

machine was used, it is confirmed that the position differences 

converged to a certain value when 40[N] step force reference was 

input to one of the linear motor sliders.  

Fig.5 shows the measured position difference. A difference 

between (a) and (b) is a difference in input. 

According to these results, it is verified that position difference 

between the two tables without distortion converges to a certain 

value when inputting step force to one of the linear motor sliders.  

 

 
 

 

4.2 Comparison with Identified Control Model 

In order to reproduce the characteristic caused by coupling of the 

two tables, the position difference between two tables should 

converge to a certain value with the input of step force reference to 

one of the two sliders in the control model. 

In the control model, two responses of the position differences to 

force reference 𝑓1(𝑡) and 𝑓2(𝑡) were defined as 𝑒1(𝑡) and 𝑒2(𝑡) 

respectively. 

Thereby, 𝐸1(𝑠) and 𝐸2(𝑠)  which are Laplace transforms of  

𝑒1(𝑡) and 𝑒2(𝑡) can be written as equations (3) to (6) , where s is 

Laplace operator, 𝐺1(𝑠) , 𝐺2(𝑠) , 𝐺3(𝑠)  and 𝐺4(𝑠)  are transfer 

functions which are defined in Fig.2, 𝐹1(𝑠) and 𝐹2(𝑠) are Laplace 

transforms of 𝑓1(𝑡) and 𝑓2(𝑡) respectively. 

 

𝐸1(𝑠) = 𝐺𝑒1(𝑠)𝐹1(𝑠) (3) 

𝐸2(𝑠) = 𝐺𝑒2(𝑠)𝐹2(𝑠) (4) 

where 

𝐺𝑒1(𝑠) =
1

𝑠2
(𝐺1 − 𝐺2) (5) 

𝐺𝑒2(𝑠) =
1

𝑠2
(𝐺3 − 𝐺4) (6) 

 
According to the final value theorem, final values of 

𝑒1(𝑡) and 𝑒2(𝑡) for step force reference can be written as equations 

(7) and (8) 

 

𝑙𝑖𝑚
𝑡→∞

 𝑒1(𝑡) = 𝑙𝑖𝑚 
𝑠→0

𝑠𝐸1(𝑠) = 𝑙𝑖𝑚
𝑠→0

𝐺𝑒1(𝑠) (7) 

𝑙𝑖𝑚
𝑡→∞

 𝑒2(𝑡) = 𝑙𝑖𝑚 
𝑠→0

𝑠𝐸2(𝑠) = 𝑙𝑖𝑚
𝑠→0

𝐺𝑒1(𝑠) (8) 

 

By calculating these two limit values, equations (9) and (10) are 

obtained. 

 

𝑙𝑖𝑚
𝑡→∞

 𝑒1(𝑡) = ∞ (9) 

𝑙𝑖𝑚
𝑡→∞

 𝑒2(𝑡) = −∞ (10) 

 

These results mean that position differences diverge, which is 

different from the results of actual experiment, showing that the 

position difference in actual machine converges to a certain value. 

Therefore, it can be said that the control model which consists of 

𝐺1(𝑠), 𝐺2(𝑠), 𝐺3(𝑠) and 𝐺4(𝑠)  does not reproduce the 

characteristic caused by the tables coupling. 

 

4.3 Modification of Transfer Functions 

To develop a control model which reproduces the characteristics 

caused by the tables coupling, the limit values (7) and (8) should 

converge. Convergence conditions of these limits can be written as 

equations (11)-(14) by using coefficients of transfer functions 𝐺𝑖 as 

shown in equation (1). 

 

𝑎20𝑏10 − 𝑎10𝑏20 =  0 (11) 

𝑎20𝑏11 + 𝑎21𝑏10 − 𝑎10𝑏21 − 𝑎11𝑏20 = 0 (12) 

𝑎40𝑏30 − 𝑎30𝑏40 =  0 (13) 

𝑎40𝑏31 + 𝑎41𝑏30 − 𝑎30𝑏41 − 𝑎31𝑏40 =  0 (14) 

 

(a) 𝐻1 and 𝐺1 (b) 𝐻2 and 𝐺2 

 

(c) 𝐻3 and 𝐺3 (d) 𝐻4 and  𝐺4 

Fig. 4. Measured frequency responses and 

frequency responses of identified transfer functions 

Fig. 5. Measured position difference between two tables 

(a) Inputting step force 

reference to F1 

(b) Inputting step force 

reference to F2 

fo F2 



Control Model Structuring of Gantry-Type Linear Motor Slider (Toshiyuki Tachibana et al.) 
 

 4  

To satisfy these equations, coefficients of transfer functions in the 

control model were modified. In this case, not to change the 

frequency characteristics of the resonance point, poles of each 

transfer function should not be changed. Therefore, the coefficients 

of numerator of transfer function, 𝑏11, 𝑏20, 𝑏30, and 𝑏41  were 

replaced with 𝑏11
′ , 𝑏20

′ , 𝑏30
′  𝑎𝑛𝑑 𝑏41

′  as shown in equations (15) to 

(18) respectively. 

 

𝑏20
′ =

𝑎20𝑏10

𝑎10
 (15) 

𝑏30
′ =

𝑎30𝑏40

𝑎40

(16) 

𝑏11
′ =

1

𝑎20 
 (𝑎10𝑏21 + 𝑎11𝑏20

′ − 𝑎21𝑏10) (17) 

𝑏41
′ =

1

𝑎30 
 (𝑎40𝑏31 + 𝑎41𝑏30

′ − 𝑎31𝑏40) (18) 

 

Then the modified transfer functions were defined as 

𝐺1
′ (𝑠),  𝐺2

′ (𝑠),  𝐺3
′ (𝑠) and 𝐺4

′(𝑠). Table 5 shows the coefficients of 

each modified transfer function. For the following discussion, the 

control model using 𝐺′1(𝑠), 𝐺2
′ (𝑠), 𝐺3

′ (𝑠) and 𝐺4
′(𝑠)  instead of 

𝐺1(𝑠) ,𝐺2(𝑠) ,𝐺3(𝑠)  and 𝐺4(𝑠)  is defined as a modified control 

model. 

In the modified control model, responses of position difference 

for force references 𝑓1(𝑡)  and  𝑓2(𝑡)  were defined as 

𝑒1
′ (𝑡) and 𝑒2

′ (𝑡) respectively. 

Fig.6 shows the responses 𝑒1
′ (𝑡) and 𝑒2

′ (𝑡) for 40[N] step force 

reference. It can be confirmed that both step responses converge to 

a certain value. Additionally, in comparison with results of actual 

experiment, shown in Fig.5, convergence value is relatively close. 

Fig.7 shows comparison between measured frequency response, 

frequency response of identified transfer function, and frequency 

response of modified transfer function. It can be seen that influence 

on frequency response by the coefficients modifications is small 

enough for all frequency responses and each 𝐺𝑖
′ well approximates 

the measured frequency response. 

Therefore, it can be said that modified control model which 

reproduces the characteristics of coupled tables was derived without 

changing frequency characteristics of the identified control model.  

 

5. Verification of Simulation Model 

In order to verify the validity of the modified control model, 

comparison between the simulation results of modified control 

model and actual experimental results was conducted. 

In the previous researches, the results of control experiments 

which used the same experimental equipment as in this research 

were reported. In reference (3), P-PI control for each axis was 

applied for the control experiment and results show that reaction 

force occurred between the two tables. In reference (5), a control 

method that suppresses reaction force was applied and the results 

show that the reaction force was suppressed with low feedback loop 

gain. However, with high feedback loop gain, vibration of force 

reference occurred.  

In this research, control simulations were conducted with these 

two control methods and it was verified that the same phenomenon 

occurs in the simulations. The simulations were implemented by 

using MATLAB/Simulink programs.  

 

5.1 Simulation with Control Method 1 (3) 

As the control method 1, P-PI control for each axis, as shown in 

reference (3) was used. Therefore, the force references for each axis 

are shown in equations (19) and (20).  

(a)  𝐻1, 𝐺1 and 𝐺1
′ (b) 𝐻2, 𝐺2 and 𝐺2

′ 

(c) 𝐻3, 𝐺3 and 𝐺3
′ (d) 𝐻4, 𝐺4 and 𝐺4

′ 

Fig.7. Comparison of measured frequency response 𝐻𝑖 

and transfer functions 𝐺𝑖 and 𝐺𝑖
′ 

𝐹1 = 𝑀1 [𝐾𝑣{𝐾𝑝(𝑥𝑟 − 𝑥𝑓𝑏1) − �̇�𝑓𝑏1}

+ 𝐾𝑖 ∫ 𝐾𝑣{𝐾𝑝(𝑥𝑟 − 𝑥𝑓𝑏1) − �̇�𝑓𝑏1} 𝑑𝑡] (19) 

𝐹2 = 𝑀2 [𝐾𝑣{𝐾𝑝(𝑥𝑟 − 𝑥𝑓𝑏2) − �̇�𝑓𝑏2}

+ 𝐾𝑖 ∫ 𝐾𝑣{𝐾𝑝(𝑥𝑟 − 𝑥𝑓𝑏2) − �̇�𝑓𝑏2} 𝑑𝑡] (20) 

 

(b) Response of 𝑒2
′ (𝑡) (a) Response of 𝑒1

′(𝑡) 
Fig. 6. Responses of 𝑒1

′ (𝑡) and 𝑒2
′ (𝑡) for step force 

reference 

Table.5 Coefficients of modified transfer functions 

𝑖 1 2 3 4 

𝑎𝑖1 151.83 117.84 115.93 138.88 

𝑎𝑖0 4.46 × 105 4.29 × 105 4.31 × 105 4.51 × 105 

𝑏𝑖2 3.77 −0.159 −0.157 3.79 

𝑏𝑖1 389.89 324.79 299.97 344.46 

𝑏𝑖0 7.95 × 105 7.65 × 105 7.42 × 105 7.76 × 105 

 



Control Model Structuring of Gantry-Type Linear Motor Slider (Toshiyuki Tachibana et al.) 
 

 5  

where 𝑀1 𝑎𝑛𝑑 𝑀2  are nominal masses of each table, 𝑥𝑓𝑏1  and 

𝑥𝑓𝑏2  are position responses of each table, 𝐾𝑝  is position 

proportional gain,  𝐾𝑖 ,  is velocity integral gain, 𝐾𝑣  is velocity 

proportional gain, and  𝑥𝑟  is position reference.  

In this simulation, position reference and feedback loop gain are 

set to the same values as in reference (3). The conditions of 

feedback loop gain are shown in Table 6 and position reference is 

shown in Fig.8. 

Fig.9 shows results of the simulation and comparison with the 

experimental results. It can be seen that reaction forces between 

table1 and table2 occurred also in the simulation. Additionally, the 

magnitudes of reaction force in the simulation and in the experiment 

were similar. Therefore, under the conditions of control method 1, 

the control model approximates the actual experimental results well. 

 

 

 

 

 

 

5.2 Simulation with Control Method 2 (5)    

As the control method 2, a method that suppresses the reaction 

force, which is shown in reference (5) was used. Therefore, force 

references for each linear motor are shown in equations (21) and 

(22), where 𝑥  is position of work-point, 𝑙  is distance between 

table 1 and table2, 𝑙𝑔 is distance between table 1 and center of the 

mass, and 𝜃  is rotation angle. Other parameters have the same 

meaning as in control method 1.  

 

where 

𝑥𝑟1 = 𝑥𝑟 + 𝑙𝑔𝜃 (23) 

𝑥𝑟2 = 𝑥𝑟 + (−𝑙 + 𝑙𝑔)𝜃 (24) 

�̇�𝐹𝐹1 = 𝑙𝑔�̇� (25) 

�̇�𝐹𝐹2 = (−𝑙 + 𝑙𝑔)𝜃 (26) 

 

In this simulation, position reference and feedback loop gain are 

set to the same values as in reference (5). The conditions of 

feedback loop gain are shown in Table 7 and position reference is 

shown in Fig.8. 

In this simulation, if the force reference exceeds 500[N], the 

simulation stops automatically. Fig.10 shows the results of the 

simulation and comparison with the experimental results. In Fig.10, 

only 𝐹1  is shown as a force reference because 𝐹1 and  𝐹2  are 

exactly the same. In case 2-1, in both simulation and experiment, 

the reaction forces between the two tables were suppressed. On the 

other hand, in case 2-2, the force reference vibrates. In the 

simulation, force reference diverged rapidly, and the simulation 

stopped because magnitude of the force reference exceeded 500[N]. 

However, in the actual experiment, the force reference vibrated 

within the range of ± 100[N].  

To analyze the characteristics of force reference vibration, Fast-

Fourier-Transformation was applied, and amplitude spectrum was 

acquired. Fig.11 shows amplitude spectrum of force reference 𝐹1 

in case 2-2. According to the amplitude spectrum, it can be seen that 

each force reference vibrates at the same frequency of 100 [Hz].  

Additionally, based on the position response, a velocity response 

of actual experiment was calculated by using Euler approximation. 

Fig.12 shows velocity response in the simulation and in the actual 

experiment. It can be seen that each velocity vibrates in the same 

phase. Therefore, in every condition of feedback loop gain, all 

simulation results were similar to the experimental results in the 

control method 2. 

 

Table.6 Feedback loop gain for control method 1 

 K𝑝 K𝑣 K𝑖 

Case 1-1 25 [1/s] 100 [1/s] 100 [1/s] 

Case 1-2 50 [1/s] 200 [1/s] 200 [1/s] 

 

Fig. 8. Position reference 

Fig. 9. Results of simulation and comparison with 

experimental results in control method 1 

(a) Case 1-1 (b) Case 1-2   

Table.7 Feedback loop gain for control method 2 

 𝐾𝑝 𝐾𝑣 𝐾𝑖 

Case 2-1 100 [1/s] 400 [1/s] 400 [1/s] 

Case 2-2 125 [1/s] 500 [1/s] 500 [1/s] 

 

𝐹1 = 𝑀1 [𝐾𝑣{𝐾𝑝(𝑥𝑟1 − 𝑥𝑓𝑏1) − �̇�𝑓𝑏1 + �̇�𝐹𝐹2} + 𝐾𝑖 ∫ 𝑑𝑡  

+𝐾𝑖 ∫ 𝐾𝑣{𝐾𝑝(𝑥𝑟1 − 𝑥𝑓𝑏1) − �̇�𝑓𝑏1 + �̇�𝐹𝐹2} 𝑑𝑡]     (21) 

 

𝐹1 = 𝑀1 [𝐾𝑣{𝐾𝑝(𝑥𝑟1 − 𝑥𝑓𝑏1) − �̇�𝑓𝑏1 + �̇�𝐹𝐹2} + 𝐾𝑖 ∫ 𝑑𝑡  

+𝐾𝑖 ∫ 𝐾𝑣{𝐾𝑝(𝑥𝑟1 − 𝑥𝑓𝑏1) − �̇�𝑓𝑏1 + �̇�𝐹𝐹2} 𝑑𝑡]     (22) 
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6. Conclusion 

In this research, the control model of gantry-type linear motor 

slider, which is based on measured frequency response was 

derived. In order to reproduce the characteristic of “tables 

coupling”, which is unique to gantry-type linear motor slider, 

modifications were applied to each transfer function of the control 

model and the modified control model was developed.  

According to comparison of simulations and actual experiments 

which were implemented with two control methods, the modified 

control model well approximates characteristics of a gantry-type 

linear motor slider.  

Future study topic is verification of validity of the proposed 

method when characteristics of actual machine change. 

Additionally, since a non-linear friction was not considered in 

the modified control model, a development of a more precise 

control model which contains an influence of non-linear friction is 

also required.  
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Fig. 10. Results of simulation and comparison with 

experimental results in control method 2 

(a) Case 2-1 (a) Case 2-2 

Fig. 11. Amplitude spectrum of 

force reference 𝐹1 in Case 2-2 

(a) Velocity response of actual machine (b)Velocity response of actual machine 

(enlarged) 

(c) Velocity response of simulation 

 

(d) Velocity response of simulation 

(enlarged) 

Fig. 12. Comparison of velocity response of 

simulation and actual experiment with Case 2-2 


