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Abstract :

DENSO is an automotive ECU supplier that has been developing ECUs for controlling
traction motors for diversifying H/EVs. The algorithms of ECU must be validated from
various aspects whether it fulfills customer's specifications. However, there are many
conditions that cannot be tested using a real vehicle. In such cases we use HILS
(Hardware-In-the-Loop Simulation). Conventional HILS was not suitable for the validation of
algorithms since it lacked motor models that can simulate all of the necessary
characteristics in real time. We found JMAG-RT as a possible candidate of model generator,
but we had to have motor parameters with sufficient precision. As an ECU supplier, we
cannot acquire those data. Instead, we found a method to generate motor models from
control parameter maps in the specification of the customer. This idea was implemented by
JSOL corporation. Some case studies using JMAG-RT are introduced here applied for the
improvement of design quality.
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Crude Oil Dependence Limit 225
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Conventional crude supply quantities peak, mining costs increase, and prices rise.
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Responses to Global Warming 325
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Usage of CO2—free and low CO2 vehicles is expanding.
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Denso’ s HV/EV Products

l
<

Power Control Unit Hybrid Control ECU DC-DC Converter Battery ECU

(Inverter & ECU)

We develop and commercialize vehicular electronic systems for HVs and EVs.
DE‘NSO (© DENSO CORPORATION Al rights reserved

Trends in Vehicular Electronic Systems
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Control trends
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communication bus communication bus applications situation

| Changes toward making vehicular electronic systems larger-scale and more complicated are progressing
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Electronic Control Systems for HVs
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The supplier’ s mission is to provide the most suitable electronic control system for the various compositions of HVs.
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Changes in the Development Environments for Electronic Control Systems

Only using actual vehicles and machines Applying simulation
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| The development environment is changing from one that is based on actual machines and vehicles are used to one which applies simulation.
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Denso’ s Electronic Control System Development Model
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We apply it to simulations in every development phase.
©
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Control Quality Verification for Motor Control ECUs

B Items for motor control quality verification
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We carry out verifications of motor control robustness in limit conditions.
DENSO ©
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Robustness Verification Environment for MG-ECU Controls 10/2

B The composition of MG-HILS B Range of application
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We carry out robustness verification, which is hard with an actual machine, with an HILS environment.
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Problems with Motor Model Accuracy 125

B Types and accuracy of motor models
dqg (Fixed parameters) JMAG-RT (FEA)
O: Available X : Unavailable
Parameter - The motor’ s design
Inductance, resistance, flux information
Dimensions, materials
Accuracy Low High
Magnetic ) : :
. X : Currently unavailable O Currently available
saturation
Back EMF X : Sine wave O Nonlinear
Cogging X : Currently unavailable O Currently available
Real time QO :50nsec QO :200nsec
| The accuracy is equivalent with an actual motor, and it is necessary to have a motor model that can be constructed easily.
DENSO °
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Analysis of Nonlinear Map Generation Methods Using Design Information 1225

B Nonlinear Map Generation Methods From Design Information (JMAG—-RT)
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If we can generate a nonlinear map, then we can construct a motor model that provides the necessary accuracy.
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Inductance Map Generation Using the Control Map Within the ECU

B Torque estimation map within the MG-ECU
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B From torque estimation maps to inductance nonlinear map generation
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We calculate inductance maps (Ld and Lq) from torque estimation maps in the ECU.
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Proposed Calculation Methods 1425

A new function has been proposed that generates a JMAG-RT file (rtt) from
various types of data.

JMAG
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The new function

This mechanism makes it possible to generate a motor model from an inductance map.
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The Evaluation Policy for Motor Models Constructed in JMAG—RT

JMAG-RT function.

By assuming that the motor—bench values are correct and clarifying the difference with
HILS, we quantify the accuracy of the motor model, which was created with the new

Clarifying the difference

Motor—-bench

Motor

Instead of an evaluation of just the motor, it is an evaluation of the
combination of the motor, the inverter, and the MG—ECU.

Inverter

IN i_f\(. 3

MG-ECU

We quantify the accuracy by taking the motor—bench calculation data to be true and clarifying the difference.

DENSO
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Evaluation Standpoints

B Evaluation standpoints

Standpoint Contents Judgment method | Required value
Torque Fixing the motor rotation speed and the command Difference in Within = 5%
accuracy torque, and measuring the steady state torque. torque accuracy rthin == 92

Phase current Fixing the motor rotation speed and the command Difference in the
frequency torque, and measuring the steady state current intensity of harmonic | Within &= 5%
characteristics | phase. components

Performing step input for command torque and
measuring the output torque.

Motor output torque

e Difference in the time
. o . .
Responsiveness s constant of the torque Within *+ 5%
B — response waveform
g \
1S
1S
[e]
o

PR Time constant

We evaluate the motor model’s accuracy from these three standpoints.
DENSO ©

Evaluation results

B A list of the evaluation results

Standpoint Points Result

Torque accuracy 199 OK Accuracy: Confirmed at within &= 5%

There were deviations of over 200% in the
frequency intensity of the harmonic
components (Resulting from the fact that
7 the harmonic components were not
characteristics included in the measurement data during
the model’ s creation).

Phase current
frequency 16 Borderline

Responsiveness 18 oK Ilm;/ constant: Confirmed at within
—_ 0

We were able to confirm that the accuracy of the motor model fulfills the required
values (Application to quality verification is possible).

~
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Evaluation Result 1: Torque Accuracy (Display of the Difference with an Actual Motor—bench) 18,25

HDifference in torque accuracy

We confirmed that the difference in torque accuracy fulfills the required value.
DENSO ©

Evaluation Result 2: Frequency Characteristics (Display of the Difference with an Actual

Motor—bench)

DENSO ©
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Evaluation Result 3: Responsiveness (Display of the Difference with an Actual Motor—-bench) 20,25

B Response waveform of the motor output torque

JMAG Users Conference 2011

We confirmed that the time constant difference fulfills the required value.
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An Example of MG-ECU Control Robustness Verification 2125

(Ex.) When you have suddenly slipped and hit the brakes while driving

Engine Travel
torque resistance WV

Verifying whether it operates normally
without control breakdowns even when
several hundred [Nm] of torque
fluctuation have occurred.

MG-ECU
(Study target)

We applied it to conditions that are difficult to verify with an actual machine (motor-bench) or vehicle.

DENSO CORPORATION Al rights reserved
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The Condition Settings for Verifying Robustness 22 25

l Combined conditions

— Load torque n  Temperature characteristic -— —' Production variation
"""""""""""" fluctuations :
"""""""""""""""""""""" Motor
—Driving load torque ~Magnetic flux of the magnet —Inductance
—Engine torque —Resistance )
—Resistance
0> <@ X CJ X Sensor
Engine si iving side Ot Voltage

< >
<

\/ —)  Operating limit  (+) —Current

Minus several hundred —Angle

_— [Nm] -
90000
99009

Dozens of rtt files

By applying JMAG—RT it became possible to set all of the verification conditions.
DENSO ©

Robustness Verification When the Rotation Speed Suddenly Changes 2325

We were able to verify that the motor controls operate normally without any breakdowns even under the
most difficult conditions.

DENSO v

9—13



December 7-8, 2011

JMAG Users Conference 2011

Hopes and Expectations for JIMAG—RT in the Future

(1) Supporting multiple data

Amplitude [A]

Phase [rad]

— Torque measurement data -\ FR— — :
: 3 phase current E / =

measurement data

(2) Support for classifying JMAG-RT (.rtt) files

Vehicle manufacturer Supplier
rtt file provision
Only used for
(Setup information is control verification
classified)
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In Conclusion 25 25

Thanks to JSOL’s cooperation we were able to get a mechanism that easily
creates motor models and provides nonlinear characteristics equivalent with
an actual motor.

The accuracy of the motor model was within &= 5% when compared with an
actual motor.

By applying JMAG-RT, it became possible to verify motor control

robustness.
Easy compatibility/
< Control logic studies Control robustness verification functional evaluation
N
Fixed parameters Nonlinear map JMAG
(FEA)
Thank you for your attention
DENSO ©

9—14



	扉_eng_株式会社デンソー_JMAGユーザ会2011_v8_提出用
	JMAGユーザ会2011_v9_提出用 Eng.pdf



