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Design criteria for induction motors

Standardization

« Efficiency (IEC 60034-30)
» Sizing (IEC 60072-1)

* Measurement methods
(IEC 60034-2-1)

Variety / Customization

* Behaviour under grid restrictions
(IEC 60034-1)

* Winding variants
» Cooling methods (IEC 60034-6)

Inverter controlled drives
» Behaviour at different setpoints
(IEC 61800-9-2)

" . Possible Basis: Equivalent circuit data
(IEC 60034-28)

Design criteria

» Comply with all given constraints
* Minimize resources / costs
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Design criteria for induction motors
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International Standard IEC

Harmonizsd European
Standard

Description

IEC 800341 +A1 and A2

EN 80034-14A1, A2 and Al

Rotsing secric motors. Part
1: Rating ard cesign

IEC 80034-2+4A1, A2 and IEC
E0034- 24,

EN 800342 + A1 and A2

Routing deckic motors. Part
2 Mesrmring mefods 10
desermine e lass and e
eficiency of dectic motrs
fexcest mactines for Facion
hoedicies)

IEC 80034-5

EN 80034-5

Rotsing secric motors. Part
5. Erclosre dass for rotsing
edesctric motors.

IEC 800346

EN 80034-6

Rotsing secric motors. Part
6: Coding (IC code)

IEC 80034-T+A1

EN 80034-T+A1

Rousing dectic motors. Part
7: Classifcaion of ypes of
loomstucion and mauring
M cocde)

IEC 80034-8

EN 80034-8

Rotsing secric motors. Part
8: Termined marking ard
drecion of rotsion

IEC 800349

EN 800349

Aoty seckric mekors. Part
[9: Naise limits

IEC 60034-11

[Thermal protecion

IEC 8003412

EN 80034-12

Rotsing elecric motors. Part
12: Strt capacity of $ree
s inducion mokors.

IEC 8003414

EN 8003414

et seckric mekors. Part
14: Mechanic vitrafon for
machines wi e shurfl

vitrafion limits

IEC 60038

IEC Strebrd Valiages.

IEC 800721

EN 50347

G ard ouged power

fior rotaing edeckic mekors.
Part 1: Frame size 56 to 400
fand fange size 55 4o 1080,

IEC 62114

Becticd insuaion sysems

EN 50102

Degrees of profecion for
endlosures for elecrical

fequipment against el
rmechanic strakes. (1K-code)

IEC 800721

EN 50347

[Throe-phase  inducion mators
fior standard use with
stadard dmensions and
jouut power. Frame size 56
o 115 and fange size 8550
740,

Other Standards

DIN 51825

Lefricat, luricaing gresse
b dmsificaion and
requiremen | 1990-05)

DN 22082

Thermisiors; PTC sermors:;
trermal protecion of
nactines; dimate
categprizaion HFF (1385 -08)

150 2409

EN 150 2409

Parts and enameds. Grid out
fvatue.

EN 150 37432

Defrifon of sourd power
el Mincr resnavatie
fsorces. of naise. Engi
el Part 2 Rooms wi
oo conedl

EN 130 2871

Dedaraion and verificaion of
rcime from machines and
ecpipment.

EN 150 11203

operaior's e (moise
ernission). Calculaion on e

ersis of sound power leved.

EURODRIVE

Standardization
« Efficiency (IEC 60034-30)
» Sizing (IEC 60072-1)

* Measurement methods
(IEC 60034-2-1)

Variety / Customization

* Behaviour under grid restrictions
(IEC 60034-1)

» Winding variants
 Cooling methods (IEC 60034-6)

Inverter controlled drives

» Behaviour at different setpoints
(IEC 61800-9-2)

 Possible Basis: Equivalent circuit data
(IEC 60034-28)

Design criteria

» Comply with all given constraints
* Minimize resources / costs
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Design cycle for induction motors

-
* Customized
Design

g Analytical
motor
model \
Measure- /
p ment Prototype N

« Comparison

“chick21" by MattX27 is licensed under CC BY-SA 2.0 [ M Oto I Data
"eqq" by zero.the.hero is licensed under CC BY-SA 2.0 Defi n iti O n

.

' “I' Which came first: Prototype or model?
4



https://www.flickr.com/photos/78554167@N00/4623582717
https://www.flickr.com/photos/78554167@N00
https://creativecommons.org/licenses/by-sa/2.0/?ref=ccsearch&atype=rich
https://www.flickr.com/photos/24888493@N06/4331854805
https://www.flickr.com/photos/24888493@N06
https://creativecommons.org/licenses/by-sa/2.0/?ref=ccsearch&atype=rich

SEW-EURODRIVE—Driving the world EURODRIVE
Design cycle for induction motors

-
* Customized
Design

g Analytical _
motor
model \
Measure- /
p ey Prototype N

« Comparison

"chick21" by Mattx27 is licensed under CC BY-SA 2.0 ° M Oto |" Data
- s "eqq" by zero.the.hero is licensed under CC BY-SA 2.0 A FA
o Definition

.

' 4_ Which came first: Prototype or model?
4



https://www.flickr.com/photos/78554167@N00/4623582717
https://www.flickr.com/photos/78554167@N00
https://creativecommons.org/licenses/by-sa/2.0/?ref=ccsearch&atype=rich
https://www.flickr.com/photos/24888493@N06/4331854805
https://www.flickr.com/photos/24888493@N06
https://creativecommons.org/licenses/by-sa/2.0/?ref=ccsearch&atype=rich

SEW-EURODRIVE—Driving the world

Modeling example: based on IEC 60034-28
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Modeling example: based on IEC 60034-28

No-load test, i.e. s =0
Measurements of Current and Power for varying Voltage at 60Hz
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X X

4 XX

XX
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U [VI]

Measurement: no-load test
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Modeling example: based on IEC 60034-28

No-load test, i.e.s =0

Measurements of Current and Power for varying Voltage at 60Hz

Get machine data by IEC Standard

P [W]

x
X
P X
X
—_
< |
[
X
X
X X
X X
% X y X
X
x x %
U [V]

Measurement: no-load test
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lm [A]
Model data derived from no-load test
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Modeling example: based on IEC 60034-28

e No-loadtest,i.e.s =0

* Measurements of Current and Power for varying Voltage at 60Hz

« Get machine data by IEC Standard
» Fit Data to get applicable model

| [A]
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X
X X
X X
. X X y X
x X X
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Measurement: no-load test
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Analytical motor models - the big picture

* Induction machine can be described in f/Is-plane (analogy to I;/1,-plane for PM) (see e.g. Winzer/Doppelbauer 2013)

* No-load results are for fp = 0

_— ] ! |
s

Stator flux (absolute value) from
measurement-based model in fg/Is-plane
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Analytical motor models - the big picture

* Induction machine can be described in f/Is-plane (analogy to I;/1,-plane for PM) (see e.g. Winzer/Doppelbauer 2013)
* No-load results are for fp = 0
» Load-test from IEC 60034-2-1 has constant flux
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Analytical motor models - the big picture

* Induction machine can be described in f/Is-plane (analogy to I;/1,-plane for PM) (see e.g. Winzer/Doppelbauer 2013)
* No-load results are for fp = 0
» Load-test from IEC 60034-2-1 has constant flux

* Inverter-fed motor requires to fill the plane. How to? More Measurements?
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Analytical motor models - the big picture

* Induction machine can be described in f/Is-plane (analogy to I;/1,-plane for PM) (see e.g. Winzer/Doppelbauer 2013)
* No-load results are for fr = 0

» Load-test from IEC 60034-2-1 has constant flux

* Inverter-fed motor requires to fill the plane. How to? More Measurements?

« Computation needed

* Need for Accuracy! A model must be tunable to meet the measurement results !

fr

_— ] ! TT—
s

Stator flux (absolute value) from Stator flux (absolute value) from
measurement-based model in fg/I¢-plane computation-based model in fp/I¢-plane
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Conclusion: Requirements for motor design software for induction motors

e Customized
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Conclusion: Requirements for motor design software for induction motors
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Conclusion: Requirements for motor design software for induction motors

1) Reproduction:

Accurate reproduction of (standardized) measurements

Analytical
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motor Design
model \
FE-Model/ /
Data Prototype - N
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Conclusion: Requirements for motor design software for induction motors

1) Reproduction:

Accurate reproduction of (standardized) measurements

2) Extension:

Accurate computation of load-points or cooling conditions

that have not been measured (AEDM)

Calibrated
analytical
motor
mode'

Data

FE-Model/ /

Prototype
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Conclusion: Requirements for motor design software for induction motors

1) Reproduction:

Accurate reproduction of (standardized) measurements

2) Extension:

| N
Accurate computation of load-points or cooling conditions " : g
Calibrated [
that have not been measured (AEDM) analytical : rEsSNG
_ Design
3) Extrapolation: motor
_ _ mode/
For Predesign: compute results under small design
changes with FEM only \
Data FE-Model
(7 ™
\. G Fiux_J

Reference: Calculation of Efficiency Maps of Induction Motors Using Finite Element Method - Winzer, Doppelbauer 2013



