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1. What are Noise Problems of Motor Drives?

performance and control methods.

JMAG

What are Electromagnetic Noise Problems of Motor Drives?

= Electromagnetic noise problems caused by the motor drive system are increasing in
present development based on the background indicated below.

= Controlling electromagnetic noise has to be considered in addition to motor

Demands of motor drives

High-efficiency | High-speed response | Miniaturization
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Reinforcing designs

Carrier frequency Up

Expose electromagnetic noise
problems for motor drives
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Types of Electromagnetic Noise
= The transmission of electromagnetic noise is separated into conductive noise and
radiated noise.
- Radiated noise is especially strong from cables.
= Countermeasures to limit both conductive and radiated noise are necessary.

— Conductive noise countermeasures are vital because the radiation decreases
fundamentally by limiting the conduction (current).

Inverter Motor
Conductive noise (current)

S

Radiated noise

(electromagnetic field)
Controller Battery
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2. Logic of Electromagnetic Noise Simulations
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Circuit Analysis and Electric Field A]nalysis

= Simulations effective for electromagnetic noise analysis are largely separated into
electric field analysis and circuit analysis.

= Conductive noise (current/voltage) can be calculated using a circuit analysis and
radiated noise (electric/magnetic fields) can be calculated using a electric field

analysis.
IL’.i nlii .:
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[ Estimating conductive noise = ] Estimating radiated noise =
circuit analysis Electric field analysis
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Comparing the Circuit Analysis Results & Measured Results for JMAG
Conductive Noise

* This example compares circuit simulation to measured results by measuring the
voltage induced in a cable running next to an inverter cable.

= Why do the analysis and measured results

completely differ?

Measuring system overview

DCACH A
Inverter 7 i’/"“:,/f} TR
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Comparing the Circuit Analysis Results & Measured Results for JMAG
Conductive Noise

= The difference results from a circuit model that does not include the parasitics of the
metal wire (L, C)

= A conductive noise analysis closer to the actual measurements can be run by
accounting for the parasitics of the cable, inverter, and motor.

Enlarge diagram around inverter

Compared results
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Necessity of Parasitics for Conductive Noise

= Metal, such as the inverters, motors, and cables, have the same behavior as a
capacitor (C) and coil (L) at high-frequencies. = Parasitics

= These parasitics largely affect the flow of current.

— Cis produced if there is a gap = causes leakage current and resonance

- L is produced in long pieces of metal = causes resonance

= A conductive noise analysis needs to be run by measuring the parasitics.

Parasitic inductance

P-type conductor
Stray capacitance

N-type conductor

Example: Power module substrate Example: Busbar for power
and heat sink transmission used in an inverter
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3. Solutions Realized by
Combining JMAG and EMC Studio
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, , . , JMAG
Solutions Available by combining JMAG and EMC Studio

= Comprehensive noise simulations can be performed from the conductive noise to
the radiated noise of motor drives by sequentially linking JIMAG, EMC Studio, and
a circuit analysis tool.

— STEP 3 can also be run independently using measured or estimated values.

Pass to

| Current
I(f)
STEP 1 STEP 2 STEP.3
Extract parasitics Conductive noise analysis |Radiate noise analysis
<Electric field analysis> <Circuit analysis> <Electric field analysis>
JMAG/EMC Studio A circuit analysis tool such as Spice EMC Studio
Copyright © 2010 JSOL Corp. All Rights Reserved http://lwww.jmag-international.com/ ﬁit%*x ] SOL 1 2
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Extract Circuit Parameters using JMAG/EMC Studio (STEP.1)

= IMAG/EMC Studio have specialized electromagnetic field analysis functions to
extract parasitics that can effectively estimate the parasitics of metal geometry
indispensable in conductive noise analyses.

Features of IMAG Features of EMC Studio

* High calculation accuracy * High-speed calculations

» Effectively calculates winding and antisurface * Features to obtain the Land C in one analysis
stray capacitance of busbars, motors, and (*coming soon) o .
transformers = Effective for printed circuit boards and various

cables
Copyright © 2010 JSOL Corp. All Rights Reserved http:IIwww.jmag-international.coml **it%*I]SOL 13
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Example Analysis

* The following is an example analysis using JMAG and EMC Studio to obtain the
conductive noise of the motor drive and the radiated noise of the drive system built
into the vehicle.

Overview of system to analyze

Battery Inverter Motor

System built into vehicle

Glass antenna (AM radio)

Moltor Battery —
Inverter
—
Copyright © 2010 JSOL Corp. All Rights Reserved http://www.jmag-international.com/ **Et = *I ]S OL 15
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STEP 1. Extrude Circuit Parameters (Electric Field Analysis)

= The parasitic inductance and stray capacitance which plays a vital role in
conducting noise can be calculated by specifying the geometry of each part
configuring the motor drive.

DC power supply Motor

Inverter

U-phase V-phase  Ground

Self-inductance of busbar in
inverter (1IMHz)

U-phasel3 nH
V-phase 21 nH
W-phase 31 nH

Self-inductance of cable
U-phase 690 nH
V-phase 600 nH
W-phase 860 nH

Stray capacitance between winding
and frame for each phase
33 pF

txk2#t JSOL 16
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STEP 2. Run a Conductive Noise Analysis (Circuit Analysis)

* The conductive noise can be estimated highly accurately and countermeasures can
be examined by running a circuit simulation using a motor drive circuit model that
includes parasitics.

— The following is an example of an analysis using OrCAD® Capture/PSpice®.
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STEP 2. Run a Conductive Noise Analysis (Circuit Analysis)

* The intensity, transmission pathways, and countermeasures can be examined using
the current waveform and spectrum of each part.

— Example: Innovations to the filter/busbar geometry...

Frequency spectrum for the U-phase Current waveform between the U-phase
winding current of a motor winding of the motor and frame

{Hz 10.0KH= 1.00MH=z

o IiRl)
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STEP 3. Run a Radiated Noise Analysis When Built JMAG
Into the Vehicle (Magnetic Field Analysis)

Cross-section of electric field
* Interference from surrounding intensity distribution (1IMHz) et feld

devices such as the radiated
electric/magnetic fields and the
antenna of the power cables can be
predicted.

Analysis Model

Specified current

Radio antenna

z " ’\\_
Motor £
S ~T N\
N\ 2 VAN
Battery @ 0 V \ /
\ g)D 5
Inverter 8 \ /
§ -0 J
-15
04 08 12 16 20
Frequency (MHz)
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STEP 3. Annex: Setting the wave source of measured magnetic fieldsJIMIAG

= Electromagnetic fields may be strongly radiated by individual equipment (motor,
inverter, etc.) in addition to cables.
- However, modeling the radiation for individual power electronics equipment is usually difficult
= An analysis in EMC Studio can be run obtaining the saturation of electromagnetic fields
by specifying the electromagnetic field distribution for a specific face as an input
condition.

Illustration

Text file for measured electromagnetic fields Radiated noise
(X,, Y\, Z,, Ex,, By, Ez,, Hx,, Hy,, Hz,) (electromagnetic field)

(X5, Yy, Z,, Ex,, Ey,, Ez,, Hx,, Hy,, Hz,)

#t2x JSOL 20
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STEP 3. Annex:: Analysis Example of Radiation Between JMAG

Equipment/Cables

= Example using a DC brushless motor which
differs from the previous example * [ e

—=%— Motor

40 F-L——Cable+motor] ___________ o |

- The motor is assumed to be the direct

radiation and noise current source. I R SOV & S )

= Effective countermeasures can be examined by
comparing how much the equipment and
cables contribution to the noise.

20 oo NI

Analysis model specifications 0 ‘ ‘ ‘ ‘ : ‘ : : ‘
0 20 40 60 80 100 120 140 160 180 200

Frequency (MHz)

Results: Electric field analysis (80 MHz)

Electric field intensity (dB £ V/m)

=)

The radiation of the motor itself is
predominate at 80 MHz as indicated by
the graph for the electric field intensity.
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Conclusion

= A comprehensive simulation of conductive and radiated noise can be achieved by
combining JMAG, EMC Studio, and circuit simulators.

= Functions and examples to fully support users will continue to be enhanced in the
future.

= We would like to support every user in the specific challenges they face. Please
don't hesitate to contact us regarding any questions, requests, or challenges that you
might be facing.

Thank you for coming today.
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Contact

Engineering and Technology Division JSOL Corporation

ETokyo
Harumi Center Bldg., 7F, 2-5-24 Harumi, Chuo-ku, Tokyo, 104-0053, Japan
TEL:03-5859-6020 FAX:03-5859-6035

M (Osaka
Tosabori Daibiru Bldg. 2-2-4 Tosabori, Nishi-ku, Osaka 550-0001,Japan
TEL:052-202-8181 FAX:052-202-8172

B Nagoya
Marunouchi KS Building 17F 2-18-25 Marunouchi, Naka-ku, Nagoya, 460-0002, Japan
TEL:06-4803-5820 FAX:06-6225-3517

E-mail : cae-info@sci.jsol.co.jp
URL : http://www.jmag-international.com/

*JMAG is the registered trademark of the JSOL Corporation
*The products and services referred to throughout this document are the trademarks or registered trademarks held by the copyright owners.
*No part of this document may be duplicated or distributed without the prior approval of the JSOL Corporation.

*The contents in this document are current as of November, 2009. The information in this document is subject to change without notice.
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