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Outline

m Infolytica Corporation — Who are we?

m Electrical Energy and Efficiency

m \What can Infolytica tools do?

m What is important in electrical machine design?
m How Infolytica tools enable the design process.
= Why Mentor?
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Infolytica Corporation

1978 Infolytica Founded
McGill U & Imperial College
P.Silvester, E.Freeman, D.Lowther

-

Goal:
To “democratize” access to advanced finite element
based electromagnetics analysis tools.
To provide tools at the cutting edge of research and
development in design and analysis systems.
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Infolytica Corporation

1978 Infolytica Founded
McGill U & Imperial College
P.Silvester, E.Freeman, D.Lowther

1980 MagNet eleven released
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Infolytica Corporation

1978 Infolytica Founded
McGill U & Imperial College
P.Silvester, E.Freeman, D.Lowther

1980 MagNet eleven released
/
1989 World’s first 3d em on a PC

-
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Infolytica Corporation

DCilinctanr E Cranman

1980 MagNet eleven released

1989 World'’s first 3d em on a PCE

2004 Full 6 axis motion with many bodies & 4

1978 Infolytica Founded
McGill U & Imperial College

D.Lowther

~

DAL, Electromagnetic Simulation Tools for Electric Machinery Design and Analysis, November 2017

Restricted © 2017 Mentor Graphics Corporation

Menbr

A Siemens Business



Infolytica Corporation

1978 Infolytica Founded
McGill U & Imperial College

1980 MagNet eleven released

PSilvecar F Freeman, D.Lowther

1989 World’s first 3d em on a PC ;l

2004 Full 6 axis motion with many bodies

2008 MotorSolve — an electrical __a

machine design tool

/

2017 Acquired by Mentor
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Electrical Energy — Global Production

m In 2016, the global amount of electrical energy used was
approximately 2*1016 Watt-hours

— This is the equivalent of 8*101> AA batteries..
— A volume of 6*¥1010 m3

— approximately 20 million Olympic swimming pools
— 2.6*%10° m3 of gasoline
— Approximately 1 million Olympic swimming pools
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Electrical Energy — Global Production

m In 2016, the global amount of electrical energy used was
approximately 2*1016 Watt-hours

— A typical electric vehicle has a motor with a power rating of about
150kW

— Driving the car one hour a day for a year uses about 5.5*%107 Watt-hours

The world’s electricity consumption is equivalent to about 400
million vehicles being driven for 1 hour per day...

there are actually about 1 billion motor vehicles in the world
There are about 2 million electric vehicles world-wide...

7o go to fully electric transportation will more than tripling the
world’s electrical energy production.
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Residential Motor-Driven energy distribution =

1.3¥1012KWh

1.3%

2.0%
3.5%

Total Residential Motor-Driven Primary Energy = 4.73 Quads

December 2013

M Central AC

B Heat Pump

[ Furnace Fans
CJRoom Air Conditioner
[J Dehumidifier

[ Refrigerator/Freezer
W Pool Pumps

M Dishwasher

M Clothes Washer

[ Clothes Dryer

M Misc
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Energy Conversion

m Transformers, motors can have efficiencies
greater than 90%..

m The losses are between 2% and 10%

m With an efficiency of 95% the lost energy per \
year is enough to power 10 times the number
of electric vehicles that currently exist!

m A gain of 1% in overall efficiency of electrical
energy conversion and usage would allow

= Residential = Commercial = Industrial

doubling of the number of electric vehicles in

the world without increasing energy
production...
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Electromagnetic Applications
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Electromagnetic Analysis Tools

m EXxisting electromagnetic analysis tools
from Infolytica can perform extremely
detailed and complex 3-d analyses

m Material properties are non-linear and
temperature dependent

m Coupling to the mechanical
performance is included

DAL, Electromagnetic Simulation Tools for Electric Machinery Design and Analysis, November 2017
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Electromagnetic Analysis Tools

m Electromagnetic devices are rarely

single-physics problems BE

— The devices use an electromagnetic field as
an energy transfer mechanism

— To and from mechanical, i.e. force and
torque production

— To thermal — e.g. induction heating

m Analyzing a device requires a coupled

Shaded Plot
Temperatura

222222

solution 7
— In an electric motor, thermal performance 3K, N
prediction is crucial 1/

15 DAL, Electromagnetic Simulation Tools for Electric Machinery Design and Analysis, November 2017



Electromagnetic Multi-Physics

Adaptive Time Stepping
Component Disabling

w Transient-Transient link
Electro - Thermal

Complete 2D/3D Coupling ‘ i
> i

or
9 A
v v
\¢) OptiNet
: \ Automated Design
| Optimization
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General Purpose

Electromagnetic Centric
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Thermal Predictions for a 50MVA Transformer

4. Results

Shaded Plot
Tarpardure

3D geometry Temperature field plot

Losses field plot

Scale from 0 to 3.9x10° W/m’®

Restricted © 2017 Mentor Graphics Corporation Mer“or®
17 DAL, Electromagnetic Simulation Tools for Electric Machinery Design and Analysis, November 2017 A Siemens Business



Electric Motors and Generators

m Electric motors for an extremely large subclass of low frequency
electromagnetic devices

m The majority of the world’s electrical energy is produced and used
in them

m A complex, multi-physics exercise
— Electric motors use electromagnetic fields primarily to generate mechanical
force

— Effects to be minimized include
— Heating — can cause winding and insulation failure
— Vibration — can cause mechanical failures, insulation issues, etc.
— Noise — an environmental problem
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Designing Electric Motors

The objectives of design have continuously pushed towards
smaller frame sizes with:

Demonstrated
/ at 1888 lecture

More output power
Longer life

Higher efficiency
Lower costs

This has been achieved through:

« Improved material performance
« Improved manufacturing techniques

« Continual advances in design methodologies and
tools
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Loss Estimation is Critical

PM Motor

Loss distribution in electric machines

AIR GAP

OUTPUT

Input Power, Grid, POWER

Generator or Battery,
Direct or via Inverter

85% of losses
are due to
electromagnetic

15%
25%f 25% 0

0 Windage
=3 Stator Rotor  Loss& effects
Iron Conductor Bearing
Stator " Loss Friction
Copper or
Loss Magnet &

Core Loss

AC Induction
Copper rotor

Courtesy of J. Hendershot
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How can Efficiency be Improved?

m Reduce the losses in the electrical steel
m Reduce the length of the end turns on the stator
m Improve the slot fill — larger gauge wire

m Use high energy magnets in permanent magnet synchronous
machines

m Improve the cooling in the motor
m Use inverter fed three-phase machines
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The Infolytica Tool Set

m Infolytica provides advanced tools for motor design and analysis
— All the tools implement advanced material models for magnetic and
thermal performance as well as loss estimation
— All the tools can provide detailed electromagnetic field distributions
— Coupled, multi-physics simulations can be implemented for thermal,
structural, vibration and noise estimation
— Optimization of a design can be achieved automatically
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Electrical Machines are a Well Defined Application
m The design of an electrical machine needs to consider a true multi-
physics solution.

m This is extremely complex but, at a minimum, the drive,
electromagnetic and thermal performance needs to be considered

m Machine topology is well defined and can be handled by templates

m MotorSolve implements a template based electrical machine design
process.
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Typical Motor — BMW i3

Active Magnetic Materials

Aluminum liquid cooling housing

Rotor core material B ™-19 29 Ga
Rotor magnet material |:| Neodymium Iron Boron: 38/23
Sleeve material - 304 Stainless steel
Rotor stacking factor |1
Rotor permeability adjustment factor [1
Magnet strength adjustment factor 1
Rotor eddy current loss adjustment factor | 1
__ Rotor iron loss adjustment factor E
Stator back iron material B M-19 29Ga
[[] stator tooth material - M-19 29 Ga
Stator coil material | I Copper: 100% IACS
| Stator slot liner material [ Epoxy resin
| Stator stacking factor 1
| Stator permeability adjustment factor 1
| Stator iron loss adjustment factor 1
Shaft material I CR10: Cold rolled 1010 steel
Hub material I:] Non-magnetic
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Typical Motor Design Targets

m Specified maximum volume

m Particular torque-speed curve

m Supply voltage

m Maximum current — cooling regime
m Efficiency

m Ld/Lg, Lg/Ld ratios

m Drive waveform

DAL, Electromagnetic Simulation Tools for Electric Machinery Design and Analysis, November 2017
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MotorSolve

ng:
o Rotor (Surface mounted with rz
@3 Stator (Square)
£ stator Windings
- Stator End Windings
- Materials
= % Thermal Settings
# Housing
## Interface Gaps
-3} Cooling v
< >
W e e X B® & el
Results
Materials

@ otorSolve (BLDC

Motor Explorer > 3

B = (e ee = (e H
Commands

Designs |
=@ Prototype Design ~

VInput v 2 7

~! Specifications
Supply voltage 15
Rated current 10

Sets the outer diameter of the motor's
exterior part (either the Stator or the
Rotor) in milimeters and proportionately

& scales all of the other motor dimensions. To
J avoid scaling, set the 'Outer diameter' in

1 the exterior part (either the Stator or the

| Rotor) instead.

Rated speed 1000

= Global
1 Outer dameter %0

Air gap thickness | 0.5

Stack height 60

Description
=/ Rotor

Rotor location Interior

Rotor type [=] surface ... |,
Outer diameter

F 3

=

Addto || Export. Print... Print
\ Model [ Field [ Chart / Table (Design Information) / Summary / Report /

Press F1 for Help
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Torque-Speed Curve

Motor Explorer > | =
8| - & 0] e = o K
Commands

Designs
| Results
=1 Performance Charts N
Back EMFtorque Rotor speed (% of rated)

Torque (N-m)
20 40 60 80 100 120 140

12 i f i : = ;

Torque
PWM bridge, Prototype Design 1, Advance angle=0°

- Current

Efficiency map
- Flux vs. current : : : ‘
- AIr gap flux Vamssssrosssssssssss R R

- Thermal Charts

Losses for thermal analysis
- Temperatures for magnetic analysis v 0.8+
| View Resuft | @@ X
| Materials |

06—

Input > 1
| Designs | Prototype Design 1
Thermal state Ambient temperature ! ,
Always show 0 on Y axis | Yes i |
Exchange X and Y axes No " i " d | d \
~ Operating Point Gl f
Current input method % of rated current 1 i \ . | ]
Set point ine current percentage | 100 ! i 3 3 i 3
‘ [=| Advance angle(s) ‘ 0 0 i I | I f I
Type . 200 400 600 800 1000 1200 1400
| Speed input method | % of rated speed Rotor speed (rpm)
[=/ Rotor speed percentage(s) 10, 150, 20
~ Type Range
I~ Resolution & Accuracy

T S S I S R —

Linearized
Number of back-EMF harmonics | 45 \ o’
Number of inductance harmonics 10 ¥ Data Tracking % 9 _q) J: DS N1 X oo omo "l" ':I-‘ ,,1, £
Model type [ = 7 y v (] b B BEEEMREE
Specifies the type of the model derived from FEA to be used in the Add to VewData.. ||l &% Q-0 F » & - 8- ARHEEBEE
PWM simulation. \ Model / Field \.\ Chart (Torque vs. speed)/ Table | Summary { Report / ‘

Press F1 for Help I ‘

v - = r - —_—
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Field Distribution

Motor Explorer
EIETPE e
| Commands

Designs

Time-averaged fields

- Thermal fields

[=- Field Charts & Tables
 Field ine probe

[ View Result Ii &)

| Desi Prototype Design 1
| Thermal state Ambient temperature
& Flux function
| [ Contour piot lower bound
| [ Contour plot upper bound
| Shaded plot field Flux density
| [ Shaded plot lower bound _
[ Shaded plot upper bound
|
|
|
|

Arrow plot field (None)
[] Arrow plot lower bound
[] Arrow plot upper bound
Show exterior air | No
~ Current input method I % of rated current
| Peakiline current percentage | 100 e '
] | Advance angle 0 6.42e-05 0.127 0.255 0.382 0.509 0.637 0.764 0.891 1.02
N oot noce a e [ |
Contour plot field | Addto || Export.. || Prnt. || Prnt |
Select the field to display as a contour plot. \ Model ) Field (Instantaneous fields) /[ Chart (Torque vs. speed) [ Table [ Summary [ Report /
Press F1 for Help [-442 [0
Restricted © 2017 Mentor Graphics Corporation Menblw

28 DAL, Electromagnetic Simulation Tools for Electric Machinery Design and Analysis, November 2017 A siemens usiness



29

Efficiency Map

&Y MotorSolve (BLDC) = O X
oto plore 9 F — ™
,e—” ! Ikl | I8 [ ‘@ i Efficiency
=3 IL { .
F—— ' A= Efficiency Map m80-81
Lommands / Prototype Design 1 m81-82
| Designs I me2-83
| Results [ m83-84
~ BackEMF ~ m84-85
DR m85-86
s m86 - 87
- Torque vs. speed 1 me7-88
Flux vs. current m88-89
- Ar gap flux m89-90
& Thermal Charts 90 - 91
- Losses for thermal analysis 08 mo1-92
- Temperatures for magnetic analysis : m92-93
- Temperature 93-94
- Duty-cycle losses v | m94-95 ]
View Result | BB X € 06 m95-96 t
1l z m96-97
@
3 m97-98
v 4 o = k
= mo98-99
— 04 Mm99 - 100
Design | Prototype Design 1
Thermal state Ambient temperature
Torque axis upper bound
Legend lower bound 02
Legend upper bound | 1
| Current input method ) % of rated current
| [=] Set point line current percentage(s) | 20, 100, 20 0
- Type § Range 500 1000 1500 2000
| = Advance angle(s) |0, 60,5 Speed (rpm)
Type : Range :
~ Speed input method | % of rated speed
[=/ Rotor speed percentage(s) 5,300, 5
Type | Range L J
-/ Resolut o |Data Trac <
I Model type Linearized v|= ! = - - -
: et = 5 Addto || VewDaa.. || 8% B-W & 22 o oDoDoo ¢ P HH
General \ Model [ Field (Instantaneous fields) ) Chart (Efficiency map) | Table { Summary | Report /
Press F1 for Help |
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Temperature Distribution

& MotorSolve (BLDC) = O X
| Motor Explorer (" - N
&) = 3 MGICRE @ — Housing
C“ — =] — = Temperatures - Maximum —Left End Plate
| 9@"??“5 Prototype Design 1 — Left Inner Bearing
Designs | — Left Outer Bearing
| Resuits | Right End Plate
= Thermal Charts P — Right Flange
- Losses for thermal analysis — Right Inner Bearing
Temperature (°C) — Right Outer Bearing
— Rotor Core
55 7 7 =
it canaGh ‘ ‘ ‘ Rotor Magnet 1
- Heat flux ! ! - Shaft
- Thermal lumped parameters o N I S | Stator Back Iron
- Cooling system Stator:Gail Side
=l- Analysis Charts p ,Stat@@@l Side Slotmate
- Motion analysis ~_Staterkett End Winding
- PWM analysis v >+ Stater Right End Winding
[ View Result | BB % “ Stator Slot Liner
| Materials i |- Stator Tooth
= \
Input v q
| INDESGHEI Prototype Desin 1 A
Result quantities Temperatures - Maximum
Always show 0 on Y axis No  mr g e e |
Exchange X and Y axes No
Components < All Components >
I~ Operating Point v . P R N b S
Stop time 60 i i
Duty cycle intervals 1 1 e ' ( ‘
Interval | Duration | Torc > i i | | |
¥ I (min) 1 (%2 20 ' 1 1 1 1
5 j s ] 480 0 10 20 30 40 50 60
2 15 10 Time (min)
Maximum time step 5
Ensure duty cycle times Yes
Number of coupled iterations | 1 \ J
Speed/Accuracy tradeoff 1 (fastest) Data Tracking V99 kNS bobbobD &P eE
Designs Addto || Vewpata.. || &% Q-0 T 0o & B RHEEEE
Select the designs that wil be included in the chart. '\ Model [ Field (Instantaneous fields) ) Chart (Temperature) / Table | Summary | Report /
Press F1 for Help
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Thermal Field

& MotorSolve (BLDC)

Motor Explorer

Commands

Ir ~
Prototype Design 1
Contour plot field (None)
[] Contour plot lower bound
[] Contour plot upper bound
Shaded plot field Temperature
[] Shaded plot lower bound
[] Shaded plot upper bound
Arrow plot field (None)
[] Arrow plot lower bound
[] Arrow plot upper bound
Stop time 60
Duty cycle intervals ! ! S
Interval | Duration | Tox k N
: : {’;i“’ : ;: : Shaded Plot at t=60 min (°C) infolytica
2 s 10 % 44.1 44.5 44.8 45.1 45.4 45.8 46.1 46.4 46.7 47 47.4 47.7 48 48.3 48.6 49 49.3
[ 2020200 0 0 0 Saaaaaaaaeees . D SSSSSSSSSSSSSSSSSSSS eS|
Design | Addto || Export.. || prnt. || Pt |
Select the design that will be used to generate the field plot. \ Model ) Field (Thermal fields) / Chart (Temperature) | Table (Design Information) | Summary | Report /
Press F1 for Help | | |
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Thermal Example — Prius 2010 Motor

EE"E @)
[[conments

type
Sets the stator type. Changing this wil update the rest of the dhokes.
Press F1 for Help

[7) Rotx deeve transparency 50
I3 Rotor magnet ransoarency 50 -

u« = I [addworeport. |[ Ewote.  |[ Pot.. | [ Protprevew... |
Lk edromn . NP s Model [Fed | Our 7 [ summary [Revort [
Press Fi for Help L - =
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Example — Prius 2010 Motor

This is a spray cooled
motor so add in the
cooling design

&5 Motorsolve (BLDC) - CAComprations\Prius 2010\Prius 2010 - 25KW - MM j E=m Fon -

£3 stator windings
© Stator End Windings:
T Materals
= (,n-num

?

uemmwmmmmw ~Half Poie)

=]

 General

|| Motor orientation
| Coolng method
| Coolant temperatire
| Left face temperature

| Number of left-end rotor jet nozdes

| Number of left-end stator jat nordes
| Mumber of right-end rotor jet nozdes
| Number of right-end stator jet nozzles.
| Jetdameter

| Jetsurface effective length

| Jetfud velooty

¥ay coolant temperatire

| Horizontal

0.07
5

7
| Housng emssity

| Left face emssty

| Right face emssrvity

| Leftendregion emisshity
| Right endregion emissivity

085

085
085
085
0.85

Spray cooling type

using the Womac

equivalent heat transfer coeffident a5 a function of spray coolant
corelation.

- 3 [ vz | prrresitren— | s vosmm——n | pross vz |
The type of spray coolng used to cool the rotor and stator inside the endregions. t‘u [addtoreport., || Bport... ] Print... 1‘,.,“,,,,___. ‘

Model | Field / Chart | Toble (Design Information) /| Summary | Repart /.

Press F1 for Help

et i
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Example — Prius 2010 Motor

150.0

=@M easured by ORNL

—&—MotorSolve Simulation

The motor was measured by |
Oak Ridge National
Laboratory and the details
published

75.0

The figure shows the
comparison of the measured
temperatures over time and
the temperatures computed
from MotorSolve

0.0

0.0 292.0 584.0 876.0 1168.0 1460.0 17520 20440 2336.0
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Example — Prius 2010 Motor

Torgue versus current.

ORNL results compared
with MotorSolve
predictions

| 250.0

200.0

150.0

100.0

0.0

=4=—0ORNL
=fi—MotorSolve
o 50 100 150 200 250 300
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MotorSolve
m MotorSolve provides a dedicated electrical machine environment
which allows a designer to explore the solution space

m It provides fully coupled drive-electromagnetic-mechanical-thermal
simulations

m It can be setup to explore the parameter space for a solution and
automatically produce a report on the results

m It can reduce the time to market of a new design as well as
lowering the overall costs of the design
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Mentor Graphics and Siemens
= Why Mentor?

— Over the past 10 years, Infolytica has worked with engineers at Mentor to
develop links with the SystemVision product — allowing system and, in
particular, drive simulation.

— More recently, we developed a link between MotorSolve and FlowMaster to
demonstrate a prototype system for modeling the heat transfer issues in
an electric vehicle.

— Mentor has been developing mechanical analysis capabilities (through their
MAD division)

— When Infolytica was approached by Mentor it seemed a natural fit.
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Mentor Graphics and Siemens
= Why Mentor?

— Many of Infolytica’s customers are also customers of Mentor

— The capabilities of the two companies is complementary

— In the process of discussions with Mentor, Siemens acquired Mentor
Graphics

— Siemens added even more capability in multi-physics analysis with the NX-
Nastran products and the recent acquisition of CD-Adapco provided
advanced CFD capabilities.
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Summary

m Infolytica provides leading edge electromagnetic design tools

m Electric machines are appearing in diverse applications from
electric vehicles to robots

m Electromagnetic systems exist in devices from computer disks to
medical imaging and in a vast range of sensing systems.

m Infolytica tools can be used for all of these.

m Through the acquisition by Mentor, more complete multi-physics
simulations of electromagnetic devices has become possible.
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