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Abstract ： 

Technology on how to raise the performance of home appliances as air conditioner, 

washing machine and the like, such as high efficiency, low vibration, low noise, etc., is 

making progress recently. 

To model and simulate MCU/Inverter/Motor have been tried to apply into motor 

development as one of these energy-saving key technologies. 

Wherein, with applying an IPM (Interior Permanent Magnet) Motor as a motif, to analyze 

and simulate with both MATLAB and JMAG-RT can obtain the same results with real 

object, i.e. the current is warped by means of current phase. 

In consequence, an analyzing model which can simulate synthetically with 

considerations of motor magnetic circuit, inverter, and software implemented in MCU is 

obtained. 
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MotorsMotors UUsed for sed for AAppliancesppliances

Exterior fan motors
I: sinusoidal drive

Compressor motors
I: sinusoidal drive

Compressor motors
I: sinusoidal drive

Fan motors
I: shortwave drives

I Motor control systemsI Motor control systems

Compressor motors
I: sinusoidal drive

Direct Drive motors for laundry machines
I: sinusoidal drive

Air conditionersAir conditioners

Laundry

Refrigerators

Interior fan motors
I: shortwave drives

BackgroundBackground
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Air conditioners Built-in laundry heat pumps
Compressor motors

Compressors
Motor

Laundry machines
DD motors

BackgroundBackground
High Efficiency, Low Noise AppliancesHigh Efficiency, Low Noise Appliances

Demands for appliance motors (vector control)Demands for appliance motors (vector control)

Improved performance 
for higher efficiency and 
lower noise are in 
demand.

Bilaterally affected

Drive circuit and motor structureDrive circuit and motor structure

Easier desktop testing 
reduces development 
lead times

Model

InverterInverter MotorMotor

Microcomputer

ConventionalConventional SSimulationimulation MModelsodels
Challenges: Obtaining more detailed and accurate motor behavior for 
reinforced motor development is necessary in simulations.

Generating table data from motor constants obtained in magnetic field 
analysis (induced voltage, inductance), and then utilizing that data for 
numerical analysis of models.

Inductance

Induc
ed

voltag
e

Induced voltage

Inductance

BackgroundBackground

Voltage equation Vin=R*i+L(di/dt)+Vemf
Torque calculation Torq=(Vemf*i)/w+1/2*i^2*(dL/d )

R: Winding resistance, L: Winding inductance
Vemf: Induced voltage; w: Angular speed

MATLAB model: Motor modelMATLAB model: Motor model

Control 
analysis

MATLAB
/Simlink

Reflecting nonlinear 
materials

Magnetic Field AnalysisTable data

In
du

ct
an

ce
 [m

H
]

Rotation angle (electric angle) [deg]

Rotation angle (electric angle) [deg]

In
du

ce
d 

vo
lta

ge
 [V

/H
z]
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Consistency of programs in actual microcomputers
Discrete systems PWM period
Unifying control gain: Clarifying the unit system
PWMOutput: Space vector method
Clarifying the order control is executed
Dead time

Structure of Structure of MMicrocomputericrocomputer MModelsodels

Structure of MATLABStructure of MATLAB (vector control)(vector control)

Structure of microcomputers: Vector control softwareStructure of microcomputers: Vector control software

BackgroundBackground

Points to Note

M
otor current value 

A

M
otor current value 

A

Time Time

The distortion fo the current is not expressed.
There are no measures to increase efficiency and lower vibrations 

Motor current waveform: ActualMotor current waveform: Actual

Results from Results from CConventionalonventional SSimulationsimulations

Motor current waveform: SimulationMotor current waveform: Simulation

Current phase
45 degrees

Current phase
28 degrees

Current phase
0 degrees

Current phase
45 degrees

Current phase
28 degrees

Current phase
0 degrees

The current becomes more distorted as 
the current phase proceeds 

Distorted current caused by variations 
in the current phase cannot be reproduced.

BackgroundBackground
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Direct Coupled Analysis of Circuits/Magnetic Fields

Power Supply Inverter

LoadControl

Motor

Control Analysis
MATLAB

Control Analysis
MATLAB

Motor

Magnetic field analysisMagnetic field analysis R L

e
dt
diLRIV mm ������ �

Induced voltage
Indicates the magnetic flux 
versus time produced by 
magnets

dt
dNe m���

m�

MagnetRotation

Inductance
Indicates the amount of magnetic flux 
produced by the current that is flowing
Accounts for the effects of the magnet's 
magnetic flux

Currenti�

Current

i� Linear

Nonlinear

L

L

Increased current
by saturation

Magnetic field analyses evaluates the 
entire magnetic field including the 
mutual effects.

Method 1
Utilize

coupled analysis

Method 2
Create 

inductance data 
to account for 

nonlinear
properties

i�

di

id�

i
i��L

di
d i��L'

mI

mV

Configuring Simulations and Obtaining ResultsConfiguring Simulations and Obtaining Results
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The current distortion caused by the current phase can be reproduced.
Magnetic field analysis simulations
Requires time. Actual time:2 Sec --> Analysis time 30 hr.

Directed coupled analysis between magnetic field analysisDirected coupled analysis between magnetic field analysis
software and MATLAB:software and MATLAB: Motor current waveformMotor current waveform

Current phase
45 degrees

Current phase
28 degrees

Current phase 0 degrees

Current phase
45 degrees

Current phase
28 degrees

Current phase 0 degrees

Actual: Motor current waveformActual: Motor current waveform

Current (A)

Direct Couple Circuit/Magnetic Field Analysis
Configuring Simulations and Obtaining ResultsConfiguring Simulations and Obtaining Results

Time 0 mechanical angle

rad __ deg

powergui

Continuous

-K-

motor

Tm
V_UV
V_VC

V_wu

i_abc
te

theta

wm

id_iq
vu

A

B

C

To Workspace

t

Subsystem7

In1

In3

Out1

M_loss

Subsystem2
est_sw

Subsystem1

In1

In2
Out1

Subsystem

Out1

Out2

Inverter

In1

In2

In3

Vdc

iac

idc

Vac

Conn1

Conn2

Conn3

iq1
id 1

load 2

V_wu
V_vw

Vac

Idc

M_loss

Te

Omega

Iac
V_uv

Vdc

EdO
IqRef
IdRef

ThetaE

From 12
Vdc

Clock

CPU

i_abc

Theta_m

Omega_m[rps]

Omegaref[rps]

est_sw

Toqcontrol

Vdc

ThetaE[deg]
id

iq

Omega2[rps]
theta_est2[deg]

IdRef

IqRef

Ed
vu 1

vv 1

vw 1
ia

Vwatch

Idc

Vdq

<>

<>

<> <>

<>

Iu,Iv ,Iw

Iu ,Iv ,Iw

Coupled Analysis Using JMAGCoupled Analysis Using JMAG--RTRT

Analysis using the finite element method

Induced voltageInduced voltage

Inductance data by current phase (0 degrees to 360 degrees)Inductance data by current phase (0 degrees to 360 degrees)

Currents
Phase 0 degrees

Currents
Phase 15 degrees

Currents
Phase 30degrees

id _iq
5

wm
4

theta
3

te
2

i_abc
1

C
3

B
2A
1

JMAG _RT _pmsm

Tm

switch signal A
switch signal B
switch signal C

is_abc

is_qd

vs _qd

wm

thetam

Te

A
B

C

Constant 1

1

Tm
1

Motor modelMotor modelMATLAB modelMATLAB model
A coupled analysis can be 
performed using JMAG-RT 
models which includes characters 
such as torque by current and 
phase, flux linkage, and inductance 
and MATLAB

Reflects geometry 
and nonlinear 
properties of 

materials

JMAGJMAG--RTRT

Motor model to run analysis
in control simulations

H

H

Angle

Angle

Angle

VLqLq by angleby angle

Ld by angleLd by angle

Table data

Currents
Phase 360degrees

Configuring Simulations and Obtaining ResultsConfiguring Simulations and Obtaining Results
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rad__deg

powergui

Continuous

-K-

motor

Tm
V_UV

V_VC
V_wu
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id_iq
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A

B

C

To Workspace

t

Subsystem7

In1

In3

Out1

M_loss

Subsystem2
est_sw

Subsystem1

In1
In2Out1

Subsystem

Out1

Out2

Inverter

In1

In2

In3

Vdc

iac

idc

Vac

Conn1

Conn2

Conn3

iq1
id1

load 2

V_wu
V_vw

Vac

Idc

M_loss

Te

Omega

Iac
V_uv

Vdc

EdO
IqRef
IdRef

ThetaE

From 12
Vdc

Clock

CPU

i_abc

Theta_m

Omega_m[rps]

Omegaref[rps]

est_sw

Toqcontrol

Vdc

ThetaE[deg]
id

iq
Omega2[rps]

theta_est2[deg]
IdRef

IqRef
Ed

vu 1
vv 1

vw 1
ia

Vwatch
Idc

Vdq

<>

<>

<> <>

<>

Iu,Iv ,Iw

Iu,Iv ,Iw

Simulation ConfigurationSimulation Configuration

Microcomputer: Vector Microcomputer: Vector 
control (MATLAB)control (MATLAB)

Inverter circuit (MATLAB)Inverter circuit (MATLAB) Motor model Motor model 
generated using generated using 
JMAGJMAG--RTRT

IPM motorIPM motorInverter circuitInverter circuitMicrocomputerMicrocomputer

Actual configuration

Simulation
Model configuration

Voltage doubler
Rectification circuit

Inverter

Configuring Simulations and Obtaining ResultsConfiguring Simulations and Obtaining Results

Points to Note

Comparing the induced voltage of the actual motor
and the and JMAG-RT model

Analysis results are almost the same

Induced voltage: ActualInduced voltage: Actual Induced voltage: JMAGInduced voltage: JMAG--RTRT

MotorMotor CCharacteristics using JMAGharacteristics using JMAG--RTRT
Configuring Simulations and Obtaining ResultsConfiguring Simulations and Obtaining Results
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Current phase
45 degrees

Current phase
28 degrees

Current phase
0 degrees

Current
(A)

Current phase
45 degrees

Current phase
28 degrees

Current phase
0 degrees

Current
(A)

Points to note

The correlation between the variations of the current 
phase and the current waveform are obtained

ConfirmingConfirming ReproductionReproduction on the on the AActualctual MMotorotor

Actual motor current waveformActual motor current waveform Coupled JMAGCoupled JMAG--RT and MATLAB analysis: Motor RT and MATLAB analysis: Motor 
current waveformcurrent waveform

Time Time

Configuring Simulations and Obtaining ResultsConfiguring Simulations and Obtaining Results

Motor model
Time setting 

analysis
Analysis

Time
TOTAL

Analysis time
10 times

Analysis
accuracy

MATLAB - 0.5 hr. 5 hr.

MATLAB
Magnetic field 

analysis software 
(direct coupled 

analysis)

30 hr. 300 hr.

JMAG-RT
MATLAB 10 hr. 0.5 hr. 10 hr. 5 hr.

Improve analysis accuracy using the same amount of time as MATLAB 
(Time is required to generate the motor model)

Time Required for AnalysesTime Required for Analyses
Analysis Time and Analysis AccuracyAnalysis Time and Analysis Accuracy

Configuring Simulations and Obtaining ResultsConfiguring Simulations and Obtaining Results
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Future: Model Based DevelopmentFuture: Model Based Development

Model the control 
equipment and control 
target features using 
CAE tools

Improve development 
efficiency and quality by 
actively utilizing models

Real

Model based development (image)Model based development (image)

Model based developmentModel based development

Virtual

Motor model Control equipment
model

Device for
control

Actual control
equipment
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Structure for Structure for IInvestigatingnvestigating MMotors and otors and IInvertersnverters

Inverter modelInverter model
(IGBT, converters, etc.)(IGBT, converters, etc.)microcomputer modelmicrocomputer model

Inverter circuitInverter circuit IPM motorIPM motor
MicrocomputerMicrocomputer

Virtual

Real

Real timeReal time
simulatorsimulator

Motor model Motor model 
(JMAG(JMAG--RT)RT) VirtualVirtual

evaluationevaluation

Model based developmentModel based development

For control
(motor)

Actual control equipment
(motor + microcomputer)

Present development

Motor design
Motor production
Inverter production
Create software
Debug software
Power supply devices
Evaluate

Control target model
(motor + inverter)

Actual control equipment
(microcomputer)

RealVirtual

Development after implementing MBD

Motor design
Motor production
Inverter

production
Create software
Debug software
Power supply devices
Evaluate

Evaluation and software development is simplified using virtual systems.

Variations in Variations in DDevelopment after evelopment after IImplementing MDB (Tentative)mplementing MDB (Tentative)

Challenges
Cannot evaluate 
without the motor

Debugging software 
takes time

Testing high voltage

Effects
No prototype development
Reduced development

lead time
Optimization design
Debug software

Higher efficiency
Safer evaluation without 

needing high voltages

Real

Model based developmentModel based development
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