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Motor Control Application 
Vector Control of Three Phase Induction Motor (Algorithms)  

Introduction  

This application note describes the three phase induction motor vector control algorithms used in a sample program for 
Renesas microcontrollers. 
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1. Overview 

This application note describes the three phase induction motor vector control algorithms used in a sample program for 
Renesas microcontrollers. 

 

2. Voltage Equations of Three Phase Induction Motor 

2.1 Control Model of Three Phase Induction Motor 
The voltage equations for three phase induction motors can be expressed as shown below. 

 

Figure 2.1   Overview of Three Phase Induction Motor 
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'','' MlLMlL rrss   

:,, wvu vvv  Stator voltages for each phase :m  Angle from the U phase stator windings to the U phase rotator windings

:,, wsvsus iii  Stator currents for each phase :'sL  Stator winding self inductance 

:,, wrvrur iii  Rotor currents for each phase :'rL  Rotor winding self inductance 

:sR  Stator winding resistance :sl  Stator winding leakage inductance 

:rR  Rotor winding resistance :rl  Rotor winding leakage inductance 

:P  Differential operator :'M  Mutual inductance between windings 
 



Motor Control Application Vector Control of Three Phase Induction Motor (Algorithms) 

R01AN2193EJ0100  Rev.1.00  Page 3 of 9 

Sep 05, 2014  

2.2 Motor Control System Voltage Equations 

2.2.1  Transformation 
Here, a coordinate transformation is performed on the voltage equations for the three phases to express them as two 
phases DC. 

First, to express these as two phases DC, the following transformation matrix is used to perform an  transformation. 

 

Figure 2.2    Transformation Overview 

 

 






































2

3

2

3
0000

2

1

2

1
1000

000
2

3

2

3
0

000
2

1

2

1
1

3

2
C

 ...(2)
 

The  transformation allows the three phase induction motor voltage equations to be expressed in the  coordinate 
system as shown below. 
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:,  vv  Stator voltages for each phase :sL  Stator winding inductance 
:, ss ii   Stator currents for each phase :rL  Rotor winding inductance 

:, rr ii   Rotor currents for each phase 
:M  Mutual inductance between windings 
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2.2.2 dq Transformation 
A dq transformation is performed and the following transformation matrix is used to express the result in a fixed 
orthogonal coordinate system. The d axis can be taken to be anywhere, but here the u phase ( phase) is used. 

 

Figure 2.3   dq Transformation Overview 
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The dq transformation allows the three phase induction motor voltage equations to be expressed in the dq coordinate 
system as shown below. 
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:, qsds vv  Stator voltages for each phase :, qrdr ii  Rotor currents for each phase 

:, qsds ii  Stator currents for each phase :m  Stator angular speed
 

 



Motor Control Application Vector Control of Three Phase Induction Motor (Algorithms) 

R01AN2193EJ0100  Rev.1.00  Page 5 of 9 

Sep 05, 2014  

2.2.3  Transformation 
A  transformation is performed and the following transformation matrix is used to express the result as two phases 
DC. 

 

Figure 2.4    Transformation Overview 
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The  transformation allows the three phases induction motor voltage equations to be expressed in the  coordinate 
system as shown below. 
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phaseeach for  tagesStator vol:, ss vv  phaseeach for  currentsRotor :, rr ii   
phaseeach for  currentsStator :, ss ii   current  theoffrequency Angular :  

 

 

As shown above, the three phase currents flowing in the stator and rotor can be expressed as two phases DC by viewing 
them from a coordinate system that is rotating at angular speed . 
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2.2.4 Expressions Based on the Rotor Interlinkage Flux 
When the rotor interlinkage flux is used instead of the rotor current in equation (7), the equations become as follows. 
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:, rr    Rotor interlinkage flux for each phase :s  Slip frequency 

 

2.2.5 Torque 
The magnitude of the torque can be expressed as shown below by the rotor current and rotor flux due to the stator 
current. 
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3. Indirect Vector Control 

3.1 Vector Control of Three Phase Induction Motor 
Vector control is a method in which the flux and generated torque are controlled by independently currents that flow 
perpendicularly to the flux and current that generates the rotor flux. When we take as a premise that the rotor flux will 
be controlled so that it is held constant, it is necessary to detect the rotor flux. Here, there are two techniques: direct 
vector control, in which a flux sensor is directly attached to detect the flux, and indirect vector control (which is used in 
this sample program) in which the flux is calculated from the detected values of the terminal voltages, currents, and 
rotational speed. 

 

3.2 Principles of Indirect Vector Control 
In indirect vector control, the torque and rotor interlinkage flux are taken to be the objects of control, and current 
control is substituted for the control of the two parameters. 

When the torque can be determined from equation (9) as shown below when the rotor interlinkage flux is defined so 
that it matches the  axis. 

 0 rrr    ... (10)

 sr
r

n i
L

M
PT   ... (11)

 

Also, the rotor interlinkage flux can be determined from equation (8) as shown below. 

 s
r

r i
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M
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1
 ... (12)

constant Rotor time:
r

r
r R

L
T   

 

Using the above, the torque and the rotor interlinkage flux can be controlled by controlling the stator current. 

 

Furthermore, the slip angular frequency can be determined from equations (8) and (12) as shown below. 
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The  axis angle, which is the direction of the rotor interlinkage flux, can be determined by integrating the sum of the 
slip angular frequency and the rotor angular frequency. 

This method is called indirect vector control since the  axis angle is determined indirectly from the slip frequency. It is 
also called slip frequency control.  
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3.3 Speed Sensorless Vector Control 
When vector control is used without a speed sensor, it is necessary to infer the speed by some method. While there are a 
variety of methods for inferring the speed, this application note presents a method based on voltage control. 

If the rotor interlinkage flux is fixed, the slip angular frequency has a proportional relationship with the torque current 
as shown in equation (13). This means that vector control is possible by controlling the stator angular frequency so that 
the torque value and that control value match. 

 ss
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Constant :sK  

 

The rotor angular frequency can be determined by subtracting the slip angular frequency from the stator angular 
frequency as shown below. 

 sm    ... (15)

 

The conversion from control current to control voltage is performed using equation (8) as shown below. 

 
sssss
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If the detected torque current and command current do not match when this voltage is applied, it means that the  axis 
does not match the rotor interlinkage flux direction. Here, the  axis phase can be taken to be the integral over time of 
the result of PI amplification of that error. 

The figure below shows the block diagram for the flow of control in this control method.  

 

Figure 3.1   Speed Sensorless Vector Control Flowchart 
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Website and Support  

Renesas Electronics Website 
http://www.renesas.com/ 

 
Inquiries 

http://www.renesas.com/contact/ 
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General Precautions in the Handling of MPU/MCU Products 

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes on the 
products covered by this document, refer to the relevant sections of the document as well as any technical updates that 
have been issued for the products. 

1. Handling of Unused Pins 
Handle unused pins in accord with the directions given under Handling of Unused Pins in the manual. 
 The input pins of CMOS products are generally in the high-impedance state. In operation with an 

unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI, an 
associated shoot-through current flows internally, and malfunctions occur due to the false 
recognition of the pin state as an input signal become possible. Unused pins should be handled as 
described under Handling of Unused Pins in the manual. 

2. Processing at Power-on 
The state of the product is undefined at the moment when power is supplied. 
 The states of internal circuits in the LSI are indeterminate and the states of register settings and 

pins are undefined at the moment when power is supplied. 
In a finished product where the reset signal is applied to the external reset pin, the states of pins 
are not guaranteed from the moment when power is supplied until the reset process is completed. 
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function 
are not guaranteed from the moment when power is supplied until the power reaches the level at 
which resetting has been specified. 

3. Prohibition of Access to Reserved Addresses 
Access to reserved addresses is prohibited. 
 The reserved addresses are provided for the possible future expansion of functions. Do not access 

these addresses; the correct operation of LSI is not guaranteed if they are accessed. 
4. Clock Signals 

After applying a reset, only release the reset line after the operating clock signal has become stable. 
When switching the clock signal during program execution, wait until the target clock signal has 
stabilized. 
 When the clock signal is generated with an external resonator (or from an external oscillator) 

during a reset, ensure that the reset line is only released after full stabilization of the clock signal. 
Moreover, when switching to a clock signal produced with an external resonator (or by an external 
oscillator) while program execution is in progress, wait until the target clock signal is stable. 

5. Differences between Products 
Before changing from one product to another, i.e. to a product with a different type number, confirm 
that the change will not lead to problems. 
 The characteristics of an MPU or MCU in the same group but having a different part number may 

differ in terms of the internal memory capacity, layout pattern, and other factors, which can affect 
the ranges of electrical characteristics, such as characteristic values, operating margins, immunity 
to noise, and amount of radiated noise. When changing to a product with a different part number, 
implement a system-evaluation test for the given product. 
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1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples.  You are fully responsible for 
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products in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive.  Renesas Electronics assumes 
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9. Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or 

regulations.  You should not use Renesas Electronics products or technology described in this document for any purpose relating to military applications or use by the military, including but not limited to the 

development of weapons of mass destruction.  When exporting the Renesas Electronics products or technology described in this document, you should comply with the applicable export control laws and 

regulations and follow the procedures required by such laws and regulations.

10. It is the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise places the product with a third party, to notify such third party in advance of the 

contents and conditions set forth in this document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas Electronics 

products.

11. This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.

(Note 1)  "Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

(Note 2)  "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.

http://www.renesas.com
Refer to "http://www.renesas.com/" for the latest and detailed information.

Renesas Electronics America Inc.
2801 Scott Boulevard Santa Clara, CA 95050-2549, U.S.A.
Tel:  +1-408-588-6000, Fax: +1-408-588-6130
Renesas Electronics Canada Limited
1101 Nicholson Road, Newmarket, Ontario L3Y 9C3, Canada
Tel: +1-905-898-5441, Fax: +1-905-898-3220
Renesas Electronics Europe Limited
Dukes Meadow, Millboard Road, Bourne End, Buckinghamshire, SL8 5FH, U.K
Tel: +44-1628-585-100, Fax: +44-1628-585-900
Renesas Electronics Europe GmbH
Arcadiastrasse 10, 40472 Düsseldorf, Germany   
Tel: +49-211-6503-0, Fax: +49-211-6503-1327
Renesas Electronics (China) Co., Ltd.
Room 1709, Quantum Plaza, No.27 ZhiChunLu Haidian District, Beijing 100191, P.R.China
Tel: +86-10-8235-1155, Fax: +86-10-8235-7679
Renesas Electronics (Shanghai) Co., Ltd.
Unit 301, Tower A, Central Towers, 555 Langao Road, Putuo District, Shanghai, P. R. China 200333 
Tel: +86-21-2226-0888, Fax: +86-21-2226-0999
Renesas Electronics Hong Kong Limited
Unit 1601-1613, 16/F., Tower 2, Grand Century Place, 193 Prince Edward Road West, Mongkok, Kowloon, Hong Kong
Tel: +852-2265-6688, Fax: +852 2886-9022/9044
Renesas Electronics Taiwan Co., Ltd.
13F, No. 363, Fu Shing North Road, Taipei 10543, Taiwan
Tel: +886-2-8175-9600, Fax: +886 2-8175-9670
Renesas Electronics Singapore Pte. Ltd.
80 Bendemeer Road, Unit #06-02 Hyflux Innovation Centre, Singapore 339949
Tel: +65-6213-0200, Fax: +65-6213-0300
Renesas Electronics Malaysia Sdn.Bhd.
Unit 906, Block B, Menara Amcorp, Amcorp Trade Centre, No. 18, Jln Persiaran Barat, 46050 Petaling Jaya, Selangor Darul Ehsan, Malaysia
Tel: +60-3-7955-9390, Fax: +60-3-7955-9510
Renesas Electronics Korea Co., Ltd.
12F., 234 Teheran-ro, Gangnam-Ku, Seoul, 135-920, Korea
Tel: +82-2-558-3737, Fax: +82-2-558-5141

SALES OFFICES

© 2014 Renesas Electronics Corporation. All rights reserved.
Colophon 4.0 


