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Abstract: PMSM motor are getting more common each day in industrial applications due to their 
superiorities such as lacking physical parts such as brushes or commutators, higher reliability and high 
efficiency and better life expectancy. Another advantage of a pmsm is that it can operate at speeds above 
10,000 rpm in bot loaded and unloaded conditions. It is also capable of operating with less noise and 
electromagnetic interference than a brushed motor. Only disadvantage of a PMSM is that it needs for a 
control system which is complex. One of the common ways to control a PMSM is the field oriented control 
method. PMSM is used for the hydraulic servo motor systems. In this study, a PMSM is controlled with FOC 
method by using Simulink model and the Kp and KI coefficients of PI have been determined by using Ziegler-
Nichols method.  
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1. Introduction  

The use of PMSM in industrial applications is getting more common each day due to their 
advantages on other electric motor types. Thanks to rapid development in both power electronics 
and control systems more and more areas can benefit from the advantages of the PMSM [1]. There 
are many control methods on PMSM systems for example sliding mode extended state observer 
(SMESO) technique, an adaptive disturbance compensation finite control set optimal control 
strategy [2], using linear state feedback controller using the Jacobian linearization [3] or combining 
Generalized Predictive Control (GPC) with Sliding Mode Disturbance Compensation [4] there are 
also direct torque control technique which also may include fuzzy logic in the control system [5]  
but FOC method has significant advantages against the other methods this control method could 
be applied all kinds of electrical motors by using space vector algorithms [6]. P, PI and PID 
controllers could be used for speed control in this motor type. Even though PI and PID have simple 
structures they are widely used in industrial applications. In order to control a system with a PI 
controller first the controller parameters shall be determined. A good method for determining these 
parameters is the Ziegler-Nichols method. This method has been used in this paper to speed 
control a PMSM model in Matlab/Simulink [7].    

2. PMSM Model and Control 

In order to implement our control system on a PMSM model first we need the mathematical model 
of the motor by using the equivalent motor circuit. The mathematical equations and equivalent 
circuit of PMSM has been shown below. 
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where: 

3
2d s s mL L M L   , dL is the stator d-axis inductance. 

3
2q s s mL L M L   , 

qL is the stator q-axis inductance. 

0 2s sL L M  , 
0L is the stator zero-sequence inductance. 

 is the rotor mechanical rotational speed. 

N is the number of rotor permanent magnet pole pairs. 

T is the rotor torque.  
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Fig. 1. PMSM Simulink Model Block 

 
The Field Orientated Control (FOC) consists of controlling the stator currents represented by a 
vector. This control is based on projections which transform a three phase time and speed 
dependent system into a two co-ordinate (d and q co-ordinates) time invariant system. These 
projections lead to a structure similar to a DC machine control.  Field orientated controlled 
machines need two constants as input references: the torque component (aligned with the q co-
ordinate) and the flux component (aligned with d co-ordinate). As Field Orientated Control is simply 
based on projections the control structure handles instantaneous electrical quantities [8]. This 
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makes the control accurate in every working operation (steady state and transient) and 
independent of the limited bandwidth mathematical model. The FOC thus solves the classic 
scheme problems [9] [10]. 

 

Fig. 2. Vector Control Block Scheme [11] 

 
Fig. 3.  PMSM FOC Model in Simulink 

Figure 3 shows the simulation block diagram. Ziegler–Nichols method is a technique used in PID 
tuning to find ideal parameters. Method find these parameters by trial and error. The steps to use 
this method is as follows. 

• The I and D gains are first set to zero. 

• The "P" gain is increased until it reaches the "critical gain" Kcr at which the output of the loop 
starts to oscillate. 

• Kcr and the oscillation period Pcr are used to set the gains as shown. 
 

Ziegler-Nichols Method 

Control Type Kp Ki Kd 

P 0.5Kcr - - 

PI 0.45Kcr KpPcr/1.2 - 

PID 0.6Kcr KpPcr/2 KpPcr/8 
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The values are given by 

11.11crK  ,  

0.45*11.11 5pK    

* 12p crK P T   

/1.2 10iK T   

By using the P and I parameters that has been calculated above, we ran our simulations and 
obtained the speed graphic of PMSM as shown below. 

 

 
Fig. 4. Motor Mechanical Speed [rad/s] 

As seen from the figure, we can control the speed of the PMSM very precisely by using the 
parameters that we found by using Ziegler-nichols method. 

3. Conclusions 

In this study, speed control of the PMSM has been performed by using Ziegler-Nichols method on 
Matlab/Simulink software. Ziegler Nichols method has been successful on designing parameters 
and controlling PMSM speed according to the simulation results. 
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