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Abstract

Process Integration and Design Optimization are becoming fundamental innovation drivers
in the design of products. The methodologies allow for a streamlined, repeatable, design
process that removes the breaks in the several design stages, while enabling a function and
target driven design where the desired product function is driving the design through
optimization. The concepts above will be illustrated in the advanced motor design by uniting
Optimus, a commercial software offering that fully covers the functions of Process
Integration and Design Optimization and JMAG using a Direct-Interface function though a
comprehensive case study.
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. Process Integration and Design

Company Introduction
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The NEW

A wholly owned Company

Mission: Committed to Provide the Industry
with Process Integration and Design Optimization
Solutions

Vision: Enable the Industry to Design for real
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~ PIDO, what is it trying to solve?

Ondertitel  The industry’s focus remains on getting the “right”
products out in the market, on the “right” time

Process Integration and Design
Optimization, is addressing the key
business ch?llel_'lges of_the discrete

JMAG Users Conference 2010
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The Main Elements of the Solution
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The Simulation Capability — Enabler #0
The Process Integration and Design Optimization
— Enabler #1 - #6

ENABLER #0 — SIMULATION [CAE]
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 ENABLER #0 — SIMULATION [CAE]
On ST
oo THE JMAG “Model”

b CAE - Parametric
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Process Integration and Design Optimization

— ~ Elements #1-#6 of the solution
Ondertitel

Design <
Optimization

Process
Integration

Design
> For
Real

Parameterization
Experimentation

Evaluate Alternatives

.
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First things first - ENABLER # 1

Beg,cribp and Automate the Process
ExamBIe'e{'tyl/E)?cal Acoustic Simulation
' THE “Model”

. air properties

O |
Diameter . | , . > _, ._, )
. input file JMAG Forces acoustics  pressures sound

power

ENABLER # 2

Process Integration & Execution Management
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ENABLER #3

- Exploring the Design Space & Creating Surrogates
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Parameterization
Experimentation
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Automatically Execute Simulation Processes

Build Simulation Workflows

Design of Experiments
&
Response Surface Methods

ENABLER #4
- Select the best amongst all

Ondertitel

Local and Global
Single and Multi- Objective
Optimization Methods
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ENALER # 5

-« Robustness and Reliability
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Taguchi & Optimization
Based Methodologies

Process Integration and Design Optimization

-« Elements of the solution
Ondertitel
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ENALER # 6

-~ Interacting with the results
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Optimization — What'is it?
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Optimus: Connect your simulation
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CAD-CAE Engineer

SIEMENS
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JMAG Direct Input Interface

Omgatrintetface
extracts design
variables which
were set as
parameter in JMAG.

"""""""

JMAG

OPTIMUS

JMAG Users Conference 2010
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JMAG Direct Interface

ORutputi&nterface extracts all

results in jproj file.

“
IMAG|

OPTIMUS

JMAG Direct Interface
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JMAG Action Icon
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~_JMAG Analytical Model

GHtefibt Permanent Magnet Motor (IPM motor)
Implanted magnet
three-phase synchronism motor

motor specification

number of pole 4
number of slot 24
wire connection Y-shaped
rotor radius(mm) 78
stator radius(mm) 150
gap length(mm) 1
thickness(mm) 50

coil tubing distributed winding
coil turns(turn/1coil) 32
phase resistance(Q) 0.46

4800

number of revolutions(rpm)

(centrifugal force : 10000rpm)
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Optimus Automation
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Optimization
Targde) MA@ IEERLtive Optimization
Maximize: Salient ratio of Inductance
Minimize : Cogging Torque
Constraints:

Max Stress upper limit : 88 MPa
Torque lower limit : 3.8 Nm

Design variable :

N Range of Design variable

nOdel_A, nOdel_R Low High
del A 42 44
node2_A, node2_R nodT A 1 v
node3 A 40 44
node3_A, node3_R>\A noce A = 4
node4_A, node4_R magnet L 216 24
magnhet R 18 23
mag net—L magnet U 11 14.5
nodel R 34.9 38.4
magnet_R J node2 R 35 38.5
magnet_U node3 R 35 385
node4 R 36 38.5
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Results — Design of Experiments
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Density of magnetic flux of Optimal Designs
Ondertitel Optimal Design 1 6 14 21
Salient ratio 1.84 2.06 2.40 2.63
1 6 | Principal stress [E+07] 2.11 1.81 169 | 1.78
Cogging torque 0.071 | 0.294 | 0.549 | 0.941
Torque 3.951 | 3.831( 3.990| 4.091
Significant
10% or more
14 21 .
Improvement
from the
starting design
Ondertitel

Ready for Questions






