Identification of Two-Mass Mechanical Systems by Using Fourier Interpolation
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	This paper deals with the identification of two-mass mechanical systems by using torque excitation and Fourier interpolation. A rich harmonic pseudo random binary signal (PRBS) is used as torque excitation signals. The spectrum of the reference torque and of the load speed are obtained by adopting the fast Fourier transform in order to define the transfer function from the torque to the speed. The mechanical parameters of the two-mass systems are then identified from the transfer function 
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1. Introduction
High performance ac drives are used extensively in different applications, such as machine tools [1], molding machines [2] and industrial robots [3] due to their high power density and flexible control algorithm. Such the drives often consist of several moving parts, which are coupled by gear boxes, long shaft or belts, resulting in mechanical resonances. To ensure high performance of a mechatronics system characterized by mechanical resonances, the information pertaining mechanical parameters have to be known. Unfortunately, it is not always available in the datasheets of the mechanical components or the calculation of the mechanical parameters can be cumbersome. Therefore, automatic parameters identification in the start-up of the drive or during the drive operation is crucial for allowing model-based automatic tuning algorithms of the controllers installed in the drive	Comment by Windows User: Xem lại quy định tham chiếu tài liệu tham khảo của Hội nghị? Không đánh số.
Ví dụ: C. Hu, B. Yao, and Q. Wang (2010)
In terms of mechanical parameter identification, there are a number of approaches that were already presented in books and literature. Generally, the available approaches can be classified into offline and online methods [4]. Frequency domain, time domain, numerical or observer based methods can be adopted for both the two categories of identification methods [5]


This paper focuses on the estimation of mechanical parameters of a two-mass mechanical system by using Fourier interpolation and torque excitation. The proposed method belongs to the frequency domain based methods, where the main idea is the use of a pseudo random binary signal (PRBS) as a torque excitation signal. The transfer function from the machine speed to the reference torque is calculated from the spectrum of the m speed and the reference torque. The mechanical parameters are then identified according to the resonant and anti-resonant frequency of the obtained transfer function. It should be noted that the proposed methods can be conducted offline without the use of any additional sensors. Furthermore, the algorithm behind the proposed method can be easily configured to the drive software.
	This paper is organized as follows. The modeling of a two-mass system is presented in section 2, followed by the parameter identification method. In section 4, simulation results will be given to verify the effectiveness of the proposed method. Section 5 dedicates to some conclusions of the research work.
[bookmark: _GoBack]
2. Modeling of a two-mass system 
The model of a two-mass mechanical system is depicted in Figure 1. The model is composed of load side and motor side moments of inertia, denoted by  and , respectively. The finite stiffness and the damping of the coupling between the load and the motor are  and . The friction is modeled as viscous damping both on the motor side and on the load side, denoted by  and , respectively. 
The differential equations of the two-mass mechanical system are given as
	
	
	[bookmark: ZEqnNum372814]


where the angular position of the motor and the load are denoted by  and , respectively. The angular velocity of the motor and the load are given as  and . The motor electromagnetic torque, the load torque and the shaft torque are denoted by , , , respectively.
From , the open loop transfer function from the motor torque  to the speed  is
	
	
	[bookmark: ZEqnNum946342]


and from the load torque  to the speed  is
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[bookmark: _Ref71350821]Figure 1. Model of a two-mass mechanical system
where




It is important to mention that the set of mechanical parameters under identification process includes .  is always available in the datasheet of the driving machine. However in most cases, we can assume that ,  and . Under this assumption, the anti-resonance frequency and resonance frequency are
	
	
	[bookmark: ZEqnNum121992]


respectively  [6].
3. Identification method
a. The idea of the proposed method
This section dedicates to the proposed identification method that is associated with a PRBS functioned as the torque excitation signal and the Fourier interpolation for obtaining the spectrum of the reference torque and of the machine speed.
Equation  can be rewritten as: 	 				
If the mechanical parameters of the two-mass system are as given in Table 1, then the transfer function  can be defined whose Bode plot is shown in  Figure 2. 
[bookmark: _Ref71384566]Table 1. Datasheet value of a two-mass mechanical system [6]	Comment by Windows User: Đặt trước bảng ở dưới
if we assume ,  and , then the anti-resonant and resonant frequencies of the two-mass 	Comment by Windows User: Cs=0,22?
	Parameter
	Value
	Parameter
	Value

	 
	0.005
	 
	0.22

	 
	0.038
	 
	0

	 
	1100
	 
	0


As already mentioned in the previous section that mechanical system are given in . The anti-resonant and resonant frequencies can also be observed clearly in Figure 2. 
It is observed that the two remaining mechanical parameters to be considered  and  can be identified if the information of the anti-resonant and resonant frequencies are available. The identification process is now changed to the calculation of the anti-resonant and resonant frequencies. This can be done by calculating the frequency response of . 
 For attaining the frequency response of  in a wide frequency range, the spectrum of the reference torque  has to be rich in harmonics at all frequencies under consideration. The reference torque is therefore not only the output of the speed controller but also augmented with a PRBS that will be introduced in the next subsection.
[image: ]
[bookmark: _Ref71385055]Figure 2. Magnitude of  corresponding to mechanical data given in Table 1
[image: ]
[bookmark: _Ref71390917]Figure 3. Identification topology
Figure 3 shows the topology of the identification procedure that is conducted in the closed speed control loop for ignoring the effects of friction. The procedure for designing the speed controller can be found in [7]. 
b. Pseudo Random Binary Signal (PRBS)
It is well known that PRSB is among the best candidates of signals that ensures rich harmonics over a wide frequencies range. It can also easily generated by a digital processor.  Figure 4 depicts the generation of the PRBS by using a shift register. In each sample cycle time  of the PRBS, a new most significant bit is generated from the XOR gate.
[image: ]	Comment by Windows User: Cho kích thước hình vào khuôn lề
[bookmark: _Ref71392482]Figure 4. PRBS generation by utilizing a shift register
The PRBS is dependent on the length  of the shift register and on which bits to be fed back. Figure 5 depicts the elements of the shift register that are able to be fed back depending on the length of the shift register. 
[image: ]
[bookmark: _Ref71393100]Figure 5. Possible combination of the shift register elements for feeding back with regard to the length of the shift register.
Since after the sampling time , the elements of the register are shifted one step to the right, the resulting PRBS is deterministic and periodic. The period  of the PRBS is given by
	
	
	


Because of the deterministic phenomenon, the PRBS is different from the white noise. The spectral content of the PRBS depends on the length of the shift register and on the sampling time. In this paper, a PRBS is generated by a 17-bit shift register.
c. Fourier interpolation
As the control system works in the discrete time-domain, the discrete Fourier representation of any arbitrary signal  will be considered.
	
	
	


Where				

with ,  is the number of samples per period.
The coefficient corresponding to the  harmonic of  is defined by:
[bookmark: ZEqnNum640427]   	
From , the magnitude of  with respect to is defined as the ratio of the  coefficient of  and .
4. Simulation results
To verify the effectiveness of the proposed method, a two-mass system with the key parameters given in Table 1 is taken into account. The simulation model whose topology is depicted in Figure 3 is carried out in Matlab/Simulink environment. As aforementioned, the PRBS is generated by a 17-bit shift register. The sampling of the signal is set to 4 kHz and the feed-back bit is defined by Figure 5.	Comment by Windows User: Bổ sung sơ đồ simulink trong Matlab từ hình 3?
Figure 6 and Figure 7 show the electromagnetic torque and the velocity of the machine, shaft and load, respectively. According to the speed controller designed based on the state-space model as presented in [8], the speed in both the machine side and the load side tracks the reference speed regardless of the change of the load torque.s
[bookmark: ZEqnNum155546]Figure 8 demonstrates the frequency response of . It is observed that the datasheet curve is fitted to the estimation curve, meaning that the estimation of the frequency response of  is precise. The anti-resonant and resonant frequencies are  and  that can be seen clearly in Figure 8. It is deduced from  that:   	            
[bookmark: ZEqnNum193074]		                          
By substituting  and  and  into  and , we obtain and that are absolutely coincidental with those given in Table 1.
According to [8], the value of  can be approximated as 
	
	


[image: ]	Comment by Windows User: Kích thước của hình vào trong lề?
[bookmark: _Ref71442310]Figure 8. The magnitude of  with 17-bit PRBS
[image: ]
[bookmark: _Ref71444983]Figure 9. The magnitude of  with 10-bit PRBS
It is worth noting that the change in the form of the PRBS affects the precision of the identification method. As it is shown in Figure 9, the frequency response of  contains more noise when using a 10-bit PRBS signal than that corresponding to a 17-bit PRBS signal. It can be concluded that the selection of the excitation signal is an important task in the identification process.
5. Conclusions
The identification method proposed in this paper was able to estimate precisely the mechanical parameters of a two-mass mechanical system. The three most significant important parameters, including the moment of the load inertia , the stiffness  and the damping coefficient  of the coupling, are identified via the frequency response of the transfer function from the machine velocity to the electromagnetic torque. The proposed method can be carried out offline in the start-up of the mechatronics system.
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