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o Overview of Emerson Climate Technologies Suzhou R&D
o Magnetic Force Generation Diagram

o Theoretical Analysis

o Electromagnetic FE Simulation

o JMAG and Virtual.lab Co-Simulation
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Magnetic Force Generation Diagram ’
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The Exciting Magnetic Force Generation Diagram
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PERFORMANCE EXCELLENCE
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' FFT Analysis

F.(a)= > F,, cos(vpa);where (F, = é NI sin(v%))

v=1,3,5,...
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If current is a sinusoidal waveform

cmy

i(t) = V21 cos(wt); where (F. = 22 N, I sin(v%))
\7/4

F.(a,t) = i F.., cos(awt)cos(vpar)

v=1,3,5,.

1 1
= Ez F.., Cos(awt —vpa) + EZ F... Cos(at tvpa)
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Theoretic Analysis — Rotating MMF

V-phase

i, = «/Ellcos(a)t)

is =21, cos(at - 2?”)

4

. 4
i, = \/Ellcos(wt - ?ﬂ)

Three phase stator winding MMF with balanced sinusoidal current
Fia (@)= Y F,, cos(at)cos(vpa)

v=135,..

1 1
= EZ F., cos(wt —vpa) + EZ F., cos(at +pa)

= %z F.,cos[(ot -vpa)+0(v —1) 2?”] + %z F.,cos[(ot +vpa)+0(v +1) 2?”]

v

Fg, (a,t) = %z F..cos[(otpa)+1(v -1) 2?”] + %Z F.,cos[(et +vpa)+1(v +1) 2?”]

Fg, (a,t) = %z F..cos[(ot - pa)+2(v-1) 2?”] + %z F_,cos[(otvpa)+2(v+1) 2?”]

3 & 8 S
result - MMF :F, =F,,, +F,, +F., = > D F..cos(@tFwpa)== > F  cos(vpa F ot)
v=6k+1

v=6k+l .

-
3
fundamenta | - MMF : F ..., =—F,  cos(pa + ot Rotating MMF waveform
2 varies sinusoidal across
5

space and time




Theoretic Analysis perfix)

— Radial Force Pressure Produced by Stator and Rotor

o Radial Force Pressure Produced by Stator and Rotor

P (a,t)= i[bl(oz,t) +b,(a, )]’ = i[bl(oz,t)2 +2b, (a, t)b,(a,t) + b, (a,1)°]
21, 21,

— The Product of Stator Same Order Harmonics

2 2
my my

[1+cos(2vwpa F wt)] = +
21, 4 1, _ 4, 4 p,
— The Product of Stator and Rotor Harmonics

_[B,, cos(wpa Fat)]?  B’m.

P, (a,t) cos(2vpa F 2wt)

2B, cos(vpa F ot)B,  cos(upa Faot+¢,)

P, (at)=

2 1,
- mVTEZ"”‘{cos[(v —ppaF(o-o)t-p,l+cos[(v+u)paT(o+ao,)t+p,l}
— The Product of Rotor Same Order Harmonics
P, (a,t) = By, cOS(upar F 0,1 + (p")]z = B [L+cosQupa Fo,t+¢,)]= B + B cos(Qupa ¥ 2m,t+2¢,)
2u, 4, 41, 4,

o If Radial Force Pressure Is Expressed in General Form: P.(e,t) = P, cos(ra — @,t)

—  The Frequency and orders of P, (a,t) : F=2w;0, =20; f =2f
—  The Frequency and orders of P, (a,t): F=(VE@)pio, =oto, i =11,
— The Frequency and orders of P, (a,t) : F'= 2up;o, =20,; f. =21,

The General Form of Radial Force Pressure Is Similar to Rotating MMF
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Theoretic Analysis
— Radial Force Pressure Summary
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PERFORMANCE EXCELLENCE

Source

Product of stator
same harmonics

Product of rotor
same harmonics

Product of stator
and rotor
harmonics

Product of stator
and rotor slot
harmonics

Product of stator
and rotor static
eccentricity
harmonics

Product of stator
and rotor dynamic
eccentricity
harmonics
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r=2p

r=2up

u=E2 1)
pP

r=(vzu)p

r=(vzwp

v=ks/p+l
H=ks,[pxl

uuuuuuuu

e Pure Sinusoidal Current

Frequency

5=2,
Ju= ks/ f1=9)]

So=e
f=fE],

fle2(1-5)]
yZ

fo=f+f(1-s)+
[+ fle2(1-s)]
yZ

Source

Product of stator
same harmonics

Product of rotor same
harmonics

Product of stator and
rotor harmonics

Product of
fundamental and
higher time harmonics

Product of the
permeance and MMF
associated with time
harmonics

Non-Pure Sinusoidal Current

2p

¥

r=2up

ks,
p=(—=1
p

r=(vzu)p

Frequency

J=2f

A :21(;:.,&
Srw=nfllths, [ pl=s,)]
s, =[nn-n(-s))nn



perfx

Space Distribution of Radial Force '
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JMAG and Virtual.lab Co-Simulation perAx)
Process

Simulation Process Sketch for Noise from

EM induced Forces on the stator

1B

Force mapping tool:

LMS Virtual.Lab
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JMAG FEA Simulation Data
Magnatic Flux Density

. Induction Motor Lt bl [P 17

Unit 72000

T oo

Test IMAG Simu., e

Voltage and Frequency 380V / 50Hz 380V/ S0Hz H&E

Torgue M.t 65 67.2 1.4300

1.3200

Speed FEm 2910 2910 Hégg

Current & A 33.10 33.00 %Hﬁ

Cutrent B A 40.40 33.02 SEL

Current C A 35.40 33.00 I 21800

Current AVG A 37.97 38.01 b

Torgue Ripple 6. 4% E;é.‘;.é':%

Stator Copper Loss W 1214 1213 Wlaxireuree 21630

Estimated Bar Loss W 566 632 Kinirrrrc 00008
Test or Corrected Iron Loss W 566 414
Output Power W 19857 20478
Input Power W 22211 22801
Motor EFF 39.4% 89.8%

JMAG Simulation Data Is Close to Test Data
&5
EMERSON
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JMAG Output Force Setup
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PERFORMANCE EXCELLENCE

IMAG-Designer (x64) (14.0.01t) - [75Fr_6.75inch_induction_full_meodel.jproj] - [Window - 75Fr_induction_6.75inch : 5... EE

] File

12/

“d
VR

MAB P M

Project Manager

Edit View

Select [Toofs] Window  Scripts  Help

E

Filter:

+1- [ Circuit
- @ Mesh

é----]]l|([5ymmetry Bour
= Slide: untitled
+- [ giGroup(FEM Cor

----Group

-] AirF‘.EgiDn

-~ [ (@] air Region
- [ .ﬁ.ir Reqion
----@Element Size <1
----@Element size <F

EF'.epc:rt

4 Geometry Editor...
Motor Model...

Material Editor...
Graph Manager...

User Components...,
IMAG-RT

Calculate Motor Inductance
Calculate Busbar Inductance

Calculate Coil Inductance

Field Integral Calculation

@e Export for Virtua @

Force Mapping for Abaqus
Heat Generation Mapping for Abagus
Multi-Purpose File Export

JMAG-Explorer

Preferences...

=] '{'H'Studv: <Magnetic><50Hz_2912rpm_50C5300 =

- EEElCase Control

EEE':‘_'F\ D= +mrm

Y

4|

T

Treeview

Control

%%a@%m»

g 8@ 90

5OHz_281 2rparr 504G 5350

> al |

[ 1Cases

| x= 558791

¥y = 23.8155 z= -0.016915

Unit: mm
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PERFORMANCE EXCELLENCE

Magnetic Force
Distribution in
Virtual.Lab

JMAG: Force Export tool for Virtual.Lab @I&J
Input Plot File: 1_Motor_FEA/2081-47/Summit_2081-47_final.jfiles/Summit_2081-47~2/20_Transient4~4/Case1/Designer.jplot
Output File: n_Motor_FEA2081-47/Summit_2081-47_final.jfiles/Summit_2081-47~2/2D_Transient4~4,Case 1/Designer.unyv

Parts To Export Processing Type
[7] [141] c22 \_——t— @ Output Surface Forces
[T] [20] bar [ Out ut Force J/ ) Export 3D Mesh only 2
] 142122 P j Output File *.unv
] [11] bar ) Generalized Forces
7] (1431 211 Modes: Browsg...
7] [12] bar N
B 1131 b N Extend to 3D
] [24] bar Stator Force from 2D
[T [15] shaft Extend to 3D
[ [16] rotor il Length: 0.1143 [m]
[17] stator
] [21] bar Divisions: 30 = |||||
[C] [22] bar Extend to Full Model
[ (23] bar 3 = - .
] [24] bar ymmetry: XY YZ Fad
[ [25] bar
[ [25] bar
] [27] bar | Exported Steps
[C] [28] bar 3 @ All Steps
[ [29] bar _
7] [30] bar ) Steps from end
[ [31] bar Steps: 721
[7] [32] bar - )
D 5 e
] 23] bar ) Specify step range
[ [34] bar Start Step: 1
[C] 851222 -
End Step: 721
[T 861211 i ?
[ [109] b11
S Eii} ):222 Time Series Expansion
[ 1121 y22 @ Mo expansion
[ 1131 a1 -
® E d from half cydh
] [114] b2 _) Expand from half cyde
[ 115141 -
[ checkan | [ checknone |
[Load Settings...] [Save Setﬁngs..] [ Export ] [ Close ]

U
{ Quit on export

*.unv File Can Be Imported to Virtual.Lab to Predict Motor Sound

12/29/2015

Company Confidential
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Applied Case For Induction Motor
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EM Force
Import From
IMAG

Motor Modal Analysis
13

0 1000 2000 3000 4000

Weighting A: real(Field Point Mesh:S)
dB(RMS) (A)

Motor Noise Simulation Result
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Applied Case For Induction Motor
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=\ eighting A: real(Field Point Mesh:S) dB(RMS) (A)

Simulation Results Has Same Trend With Test Data
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