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Abstract: - On the basis of the dynamic asynchronous motor model in the d—q reference frame rotating at 

synchronous speed, the article, taking alternating current machine as example, introduces internal model control 

into current control on basis of the alternating inductive machine mathematical models under synchronous 

rotating coordinate, and designs the parameters of adjustor. Considering the machine magnetism saturation to 

different extent caused by load change in real course and so-caused nonlinear change of machine 

parameters,Internal Model Control method was introduced, based on which and rotor flux oriented vector 

control, the stator current controllers were detailedly designed. Considering the parameters nonlinearity caused 

by different extent flux saturation along with the variations of torque load in the real experimental systems, 

robustness of the current internal model controller to such nonlinear parameters was analyzed. Based on the 

model, a whole Vector Control simulation system and experiment setup were established, and subsequently the 

simulation and experimental studies were carried out respectively with and without flux saturation. It was 

indicated that, from the results, the current internal model controllers could provide good steady-state and 

dynamic decoupled performance under both model matching and model mismatching. 

 

 

Key-Words: - asynchronous, vector transformation, decoupled control, field-orientation, internal model current 
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1 Introduction 

Alternating current asynchronous induction machine 

is a system of multi variable, strong couple, 

nonlinear and time varying. Its instantaneous torque 

is hard to control. So it’s difficult to gain the same 

high dynamic timing performance as direct current 

machine. The technology [1][2] of vector 

transformation control, no matter it’s rotor field-

orientation[2], air interspaces  field-orientation[3] , 

or stator linkage-orientation[4] and stator pressure- 

orientation[5], its basic conception is to decompose 

stator current into vertical direct current excitation 

(without power) current   and torque (with power) 

current   through the changes of rotating coordinate, 

and go on independent closed loop adjustment on 

them separately to realize the decoupled control on 

alternating current asynchronous machine. 

The existing methods of current control include 

current blocked loop control and PI adjustment 

control under stator coordinate and synchronous 

coordinate. Of which, the current PI adjustment 

control under synchronous coordinate can especially 

earn good steady performance. While this method 

will directly decouple the dynamic effect because of 

the couple between d  and 
q

 introduced by 

coordinate change. In addition, the parameters 

adjustment of PI controller on d ,
q

 axis is 

traditionally debugged and got by experiment. On 

that, literature [6][7] bring in the internal model 

control (IMC) in industry process control to the 

current control of alternating machine, and gave the 

design process of current loop control parameters 

and results of relevant simulation and experiments 

by taking eternal-magnetic synchronous machine as 

example. References [13] and [13] presented a 

nonlinear internal-model control (IMC) combining 

the feedback linearization control and IMC. The 

control system has strong robustness under the 

conditions of modeling uncertainties, inside and 
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outside disturbances. It can effectively compensate 

for the nonlinearity of the plant. Moreover, by using 

the error between the plant and model outputs as a 

feedback signal, the nonlinear IMC has an inside 

integral action, which ensures the convergence of 

the plant output to the constant reference of the 

steady state. However, analysis on the decoupled 

effect and robustness research of internal current 

control methods under the condition of parameters 

nonlinear caused by load change is seldom seen in 

the existing literature. 

In view of that, the article, taking alternating current 

machine as example, introduces internal model 

control into current control on basis of the 

alternating inductive machine mathematical models 

under synchronous rotating coordinate, and designs 

the parameters of adjustor. Considering the machine 

magnetism saturation to different extent caused by 

load change in real course and so-caused nonlinear 

change of machine parameters, the writer 

theoretically analyzes the dynamic decoupled effect 

and robustness from internal current control 

methods to parameter nonlinear. Based on that, he 

composed alternating asynchronous machine 

dynamic model which consider the effect of 

magnetism saturation in MATLAB/SIMULINK, 

and set up the magnetic test-type alternating 

inductive machine vector control system based on 

rotor field-orientation and internal current model 

control and stimulated and researched it on 

conditions of considering whether the magnetism is 

saturation or not. Results prove the correctness and 

effectness of current controller and adjustor based 

on internal current model control methods and the 

robustness and good dynamic decoupled effect of 

machine parameters nonlinear change. To further 

verify the proposed method, the experimental bench 

is also been setup base on TI DSP controller, and 

the experimental results also show the good 

performance using the proposed method. 

 

 

2 Problem Formulation 

 

 

2.1 Asynchronous machine model under 

synchronous rotating d q−  coordinate 

system 

Alternating current asynchronous induction machine 

is a system of multi variable, strong couple, 

nonlinear and time varying system. According to the 

theory of the electric machine, the asynchronous 

induction machine mathematical model under the 

synchronous coordinate system can be expressed in 

a space vector form as 
[6][7]
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In the formula, ,s si ψ
r r

 and ,r ri ψ
r r

 are the current 

and the flux linkage vector of stator and rotor, 

respectively. v
r

 is the vector of stator voltage. ,
s r

R R  

and ,
s r

L L  are the resistance and the self-induction 

of stator and rotor. 
m

L  is the mutual induction. 
1

ω  

and 
2 1 r

ω ω ω= −  are stator frequency and slip 

frequency, respectively. 

From formula (1) and (2), we can get the 

following equation 
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Therefore, under the rotor field orientation (d-q 

reference frame), we can get that , 0rd r rqψ ψ ψ= = , 

hence, the asynchronous inductive machine model 

can be expressed in the rotor reference frame as  

2
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Transform formula (5) of Laplace, we can get  
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2.2 Design of internal current controller 

The well-known internal model control scheme is 

based on a particular structure, in which the 

controller explicitly includes a model of the plant to 

be controlled. This structure has been and continues 

to be very popular in process control applications 

since it allows to the designer to tune a single 

parameter to achieve an interesting trade-off 

between closed loop performance and robustness to 

model inaccuracies. However the application of 

internal model to the electric machine is not popular. 

In this paper, we introduce the internal model 

control of process control on industry course into 

the design of current loop controller parameters for 

synchronous induction machine. Internal model 

control and its equivalent structural chart are the 

same as Fig.1 and Fig.2
[6]

 . In these figures, ˆ ( )G s  is 

the internal model, G(s) is the model of the plant, 

CIMC(s) is the internal model controller, u, y  are 

voltage vector and current vector of the vector 

control system and w  is the reference current vector. 
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Fig.1 IMC structure 
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Fig.2 Equivalent diagram of IMC 

From chart 2, we can get  

 
� 1

IMC MC IMC
( ) [ ( ) ( )] ( )

I
s s s sF Ι C G C−−−−= −= −= −= −       （9） 

 

From formula 8, we can get the minimum phasic 

system of ˆ ( )G s . Then we can get  
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In the formula, α is the band width of current 

loop. And 2.2 /
r
tα = . 

r
t  is the ascending time of 

current. 

From （9）-（11）, the current controller can 

be derived as  

�

�

$
�

$

$

$
$

�

$

1
1

IMC

s 1

1

s1

( ) [ ] ( )

( 1)

( )

( 1)

s s
s s

LR
L

ssL
s

s L R
L

s sL

σ
σ

σ

σ
σ

σ

α α
α α

ω
α

α
ω

F I I G

G

−−−−−−−−

−−−−

= −= −= −= −
+ ++ ++ ++ +

    ′′′′
+ −+ −+ −+ −    

    = == == == =     ′′′′    ++++
        

（12） 

In the formula, ˆ
s

R′ , L̂σ  are estimated value 

of 
s

R′  and Lσ . 

It is obvious that we can confirm the exact 

design parameters of the current loop controller 

so long as we know the control band width of 

current loop and machine parameters. 

Generally speaking, the machine model 

will mismatch the real objective because of the 

estimation error of parameters.  

But, we know  
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We can see that that there’s no steady state errors 

under the step reference input and constant value 

disturbance for the inductive machine current 

control system based on internal model control 

while model parameters mismatch the real model. 

 

 

3 Systematic modeling 
MATLAB program is a powerful tool for simulation, 

and the SIMULINK is a toolbox extension of the 

MATLAB program, it is a program for simulating 

dynamic systems. According to the above analysis 

on the induction motor model and the internal model 

controller, the writer composed the alternating 

asynchronous machine dynamic model of different 

magnetic saturation effect caused by different load 

by adopting the S function in MATLAB and 

established the simulation system of magnetism test-

type alternating inductive machine vector control 

based on rotor field-orientation and internal current 

model control using SIMULINK module.  

 

 Fig.3 Vector-controlled system of AC motor 
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3.1 Vector control system model 
The block diagram of the whole asynchronous 

induction motor vector control system is build using 

MATLAB/SIMULINK and S function as shown in 

Fig.3. The whole system composes speed loop 

(outer loop) and current loop (inner loop). The 

output of speed loop is the input of current loop. 

Current loop mainly realizes the decoupled control 

of rotor field-orientation torque control (FOC) based 

on the internal model control, which are all included 

in the FOC model module in Fig.3. The IGBT 

inverter comes from the SIMULINK / 

Simpowersystems module directly. ABC-DQ 

module performs the transformation of the current 

from the two phase stator reference frame to three 

phase stator reference. The ac-motor model in the 

diagram is composed by the writer by using the S 

function in MATLAB, considering the alternating 

asynchronous machine dynamic model of magnetic 

saturation effect caused under different load 

condition. 

 

 

3.2 Design of internal current controller 
From formula (12), we can get the structural block 

diagram of alternating inductive machine internal 

current model decoupled control realization using 

MATLAB/Simulink. Please refer to Fig. 4. 

The input of the current internal model 

controller as shown in Fig.4 is the output of the 

speed controller wr, the current id, iq, which are 

obtain from the Park transformation, the output is 

the vd and vq, which are the input of the FOC 

functional module, which is not discussed in detail 

in this paper. 

 

 

Fig.4 Current Internal-Model Controller 
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4 Simulation results 
Based on the MATLAB model in section 3, the 

simulation studies have been conducted on 

conditions of both ignoring and considering the 

magnetic saturation, and effect under different load. 

we simulate and research the magnetic test-type 

asynchronous machine vector control based on rotor 

field-orientation and internal current model control, 

the parameters of the induction motor are shown in 

the appendix. Diagram 5~7 and 8~10 are the 

simulation results of magnetic saturation effect 

ignoring and considering different load, respectively.  

 

 

4.1 Effect of ignoring machine magnetic 

saturation 
Under the condition of ignoring the magnetic 

saturation, we can get the simulation results as 

shown in diagram 5~7. The operation condition is 

that the induction motor is started without any load 

when t=0s, and the load is changed to 200Nm 

abruptly when t=1s, then change to 150Nm when 

t=2s, and back to 0Nm when t=3s. Fig.5 shows the 

Simulated Response of electromagnetic torque, 

Fig.6 shows the Simulated Response of d- and q-

axis current, and Fig.7 is the Rotor speed response. 

It can be seen from these waveforms that both the 

dynamic and static performance of the torque, 

current and the rotor speed are good, which prove 

the decoupled performance of the vector control 

based on rotor vector-orientation and internal 

current model control on condition of ignoring 

magnetic saturation effect. 

 Fig.5 Simulated Response of electromagnetic 

torque 

 

 
Fig.6 Simulated Response of d- and q-axis current 

 Fig.7 Rotor speed response 

 

 

4.2 Effect of considering machine magnetic 

saturation 
While, the machine magnetic saturation effect can 

not be totally ignored in practical cases. Therefore, 

we also simulate the air field saturation caused by 

load change on condition of synchronous machine’s 

actual circulation while considering the nonlinear 

parameters caused by machine magnetic saturation 

effect. The simulation results are shown in 

Figs.8~10. 

In Figs.8~10, the operation conditions are 

exactly the same as for the Figs.5~7. However, we 

can see from the waveforms that the current 

adjustment dynamic performance based on internal 

current model control is correspondingly worse than 

the simulation result when ignoring the magnetic 

saturation effect of the induction motor (the 

quadrature axis current dynamic course in Fig.9). 

But, it can been seen from these figures that the 

internal model controller can still supply good 
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steady torque decoupled effect, which can also be 

analyzed from feedback control theory.  

Taking the axis current decouple in Fig.4 as an 

example, the decoupled signal is from current  

sq
i single closed-loop route way. Considering the 

lower part structure of diagram 4, take  

s
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that the decoupled voltage of d  axis. 
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Shown from the above formula, the decoupled 

pressure, caused by parameters estimation error 

because of magnetic saturation, with the 

denominator of 1 ( ) ( )C s P s++++ , is controlled by minus 

feedback and then achieve good decoupled effect. 

 Fig.8 Simulated Response of electromagnetic 

torque 

 

 Fig.9 Simulated Response of d- and q-axis current 

 
Fig.10 Simulated Rotor speed response 

 

 

5 experimental results 
In order to verify the effectiveness of the proposed 

control strategy, an experimental implementation of 

the control scheme is carried out according to Fig. 3. 

The experimental setup incorporates a DSP board 

DS1102 , which is based on the 32-bit floating point 

DSP TI TMS320C31. The board is also equipped 

with a fixed-point 16-bit TMS320P14 DSP, which is 

used as a slave processor. In this work, the slave 

processor is configured to work as digital 

input/output subsystem as shown in Fig. 11, A 

three-phase insulated gate bipolar transistor (IGBT) 

intelligent power-module is used for an inverter, 

which is supplied by a dc link voltage supply.  

In this work, two phase currents ia and ib are 

sensed by the Hall-effect current sensors. These 

currents are fed to the DSP through the signal 

conditioning circuit. Furthermore, the position of the 

rotor is sensed by an incremental encoder and fed to 

the encoder interface on the DSP board. The control 

algorithm is written in C language and is compiled 

by the TI C compiler to generate the object code. 

The outputs of the board are six logic signals, which 
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are fed to the IGBT inverter to drive the induction 

motor. 

The sampling time for experimental implementation 

is determined to be 100μs. The design data of the 

experimental motor is given in the Appendix as well. 

 
Fig. 11. Experimental setup for the asynchronous 

motor drive 

It should be noted that the machine magnetic 

saturation effect can not be ignored in experimental 

case. Under exact the same operation conditions as 

in the simulation studies for Figs.8-10, the 

corresponding experimental results are shown in 

Figs.12-14.  

Figs12-14 show the dynamic and static 

decoupling torque performance under the rotor 

flux linkage orientation and current internal 

model control based vector control. From these 

torque, current and rotor speed response waveforms 

it can be seen that using the internal model current 

controller, the experimental result match the 

simulation results very well. It proved the 

effectiveness of the proposed internal model 

controller based vector control for the synchronous 

induction motor.  

 

 

Fig.12 experimental Response of electromagnetic 

torque 

 

Fig.13 experimental Response of d- and q-axis 

current 

 
Fig.14 experimental Rotor speed response 

 

 

6 Conclusions 
Considering that the machine parameters in real 

system will bring magnetic saturation to cause 

nonlinear change because of load change, while the 

asynchronous machine model in 

MATLAB/SIMULINK didn’t consider magnetic 

saturation effect, the writer composed the 

asynchronous inductive machine dynamic model 

which considers machine magnetic saturation. The 

magnetic test-type asynchronous inductive machine 

vector control simulation system based on the 

internal current model control adjustor and rotor 

magnetism-orientation brought by itself can supply 
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good torque dynamic and static characteristics and 

decoupled effect on condition of the model 

mismatch caused by machine model match and field 

saturation effect. Moreover, the internal current 

model adjustor can only confirm the control 

parameters of quadrature and direct axis according 

to the needed current band width and estimated 

model parameters. The experimental prototype 

based on the TI DSP has also been setup, and the 

proposed control method for asynchronous 

induction motor has also been verified by 

experiment results. Table1 show the Asynchronous 

machine parameters 

Appendix:  

PN
 37300W 

p 2 

nN
 1420 r/min 

UN
 460V (line-line) 

R1
 0.087 Ω 

R2
 0.226Ω 

Lm
 34.7 mH 

L1 35.5 mH 

L2 35.5 mH 

J 0.0067 kgm2 

Table 1  Asynchronous machine parameters 
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