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synchronous motors (PMSM)
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Induction motor(1M)
— /Asynchronous motor
RESE/EH BT Inverter driven motor system
External-excited synchronous motor
~ (EESM)
I el R
kY A2 Surface mounted PMSM
Permanent magnet ESE)MSM) _
AC Motor Synchronous | synchronous motor o * % FEB&F # & i2
2im53i | motor (PMSM) Interior PMSM,
P\':"H; 05 £ = N & Z ;
s AR ) e (IPM)‘, 0 PM assisted SynRM
REBETENSZ (PMASynRM)
Synchronous BREWE R
reluctance motor LR
Linestart ~ L Reluctance motor gﬁlm\?g) i
_ permanent Rl B & PR S
agnet motor Switched reluctance
(LSPMSM) motor(SRM)
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Ok 4% 5l £ 55 B2 2K R
v" Line start motor
—fMH/EHEREEES - WIMKLSPMSM -
v" Inverter (adjustable speed drives, ASD) driven motor
*HINREE « Al RMEEREFERICEETE2E R (Variable voltage) & o] £ 57
# (Variable frequency) - VVVF - ZEIRKEEENFE - MIM, Synchronous motor ;

*efficiency, fast response, accuracy control and high speed operation B&FKER ;
*HEIREZERBNL7%EREEZHE - ARABERAUER - HERANKRZR -
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Permanent Magnet Synchronous Motor Reluctance Motor
: Induction
Rare-earth Fernite Magnet Motor SynRM SRM
Magnet Radial-type | Axial-type
Stator Structure
Rotor Structure
pais Size X
ME |52| Efficiency %
A (S8 Cost O
v G35 2
wHE | 0D Noise B,
46 = Ea Total X Source: Hitachi
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*NEMA MG1

*IEC60034-3-1
*GB18613-2012
*JIS C3034-30

my Enﬂ‘:EII:E

IES

<
2
\YJ /

*IEC60034 30-2

iy
e

N2y

S EHENMEREAEN46%ER!

Light
19%

TN
ll Motfrs‘ Electronics
N36%, 10%
Electrolysis
3%

Standby 19%
3%

Source: Energy-Efficiency Policy Opportunities for Electric Motor-Driven Systems
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LAB316
Dﬁ‘é}ﬁ‘,‘ugf&ﬁ'ﬁ*%i — IEC60034-30-1 IE2 -> IE5 # < 6% (10kW)
100 IEC 60034-30, Ed. 2 ,«/

-k

s ; 4 : ‘
"7"‘""*‘ —

90

85
Py=[0,12 800] kW

X
b
E
- 80
Z 4-Pole Fixed-Speed Motors
c
% 75 ek /," —e—|E1 Standard Efficiency, SOHz
&LE 20 ‘ - |E2 High Efficiency, 50 Hz
o - ——1E3 Premium Efficiency, 50 Hz
g €8 L4 4 —+—|E4 Super Premium Efficiency, 50 Hz
Zo IE0 ~s=|ES Ultra Premitfn.\ Efficiency, 50 Hz IE3 : 2017

60 + ~o -|E1 Standard Efficiency, 60 Hz

- -1E2 High Efficiency, 60 Hz IE4 : 07.2023(EV)
S5 IE3 Premium Efficiency, 60 Hz
50 1 | 1
0.1 1 10 100 1000
Rated Power (kW)

Ref : Beyond Induction Motors—Technology Trends to Move Up Efficiency
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OEcodesign requirements(E 8RR 5T18<) —HEK O] S EIEE 28 RIFHEE

v BR22(EV) B Ru{E 801 (8 B) 52 - FmAFEREIRAVIGERE(EU)ETIM50% - FEEBER
IR F+BEIRE FHZRAVEA R

v B2021F7HRE - REREE(EV) ER0.75kW~1000kWHRY =MHFEEE Aim 2IE3 ;

v B2023F7HRE - RERE(EV) ER75kW~200kWH =tHFEERimeEIE4 ;

Source : https://ec.europa.eu/info/energy-climate-change-environment/standards-tools-and-labels/products-labelling-rules-and-requirements/energy-label-
and-ecodesign/energy-efficient-products/electric-motors_en

0 2021F7H1HRE
v BECHBREERIE2EENFERS S (25ER:)BENIE3ZAE ;
v BEFTRHEES D BEHRBRER)EM ;

Source : Ten things you need to know about Ecodesign, Danfoss
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GENREN 2 A EFR — EN50598 >> [EC 61800-9
MERECHFELEMERFE+BEE) = i3 35 R

New terms and definitions in EN 50598

-

iliiFess = || jiliiress =

iiiiiii\_... j

| Driven Equipment

. The actual load machine, including the mechanical
] [=1=]

E& @JEE + :% E power transmission by gear units or belts.

__ Motor System

Motor plus Motor Control System

m zzm oo regardless of the motor technology.
'%li E}] / ﬁﬁﬁ (PDS / Power Drive System = CDM + Motor)

__ Motor Control System o
CDM (Complete Drive Module) or Motorstarter BDM: Basic Drive Module
CDM = frequency inverter and including all necessary auxiliary components and equipment.

The combination of the drive control and motor including the motor cable,

CDM PDS | Extended Product S .
%l: E}JEE + The entire system comprising the drive "EJE E}]EE + '%E +
" e control, motor power transmission and  {E5 &) {4 #F + /
+1§}§m{r&*§ the driven load machine. k E}] Hﬂ% ﬁﬁ

Ref : NORD drivesystems

10



i AR EE B -EhAE R IR B
OABB IE4 ¥&

vEEZE+REIZE

v#%TPMSM, IPM

/SynRM, JEfR T EBE PMASynRM (IE5) ’WA

I[E2 Induction motor

&
|

IE4 Permanent magnet motor — rare earth

)
i »
@

-~

/
G

S Ry
Y

/‘
i

i

Ref : ABB
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OIE4 K IESRYEREREEY > > (IRl iEETHFEEPM)ASE

S ) TR

B PM ¢ - TR

;;31 h = g i (ii)‘i/’ 5 ~ ﬁ" n 'I'FEﬁ" BE. % sE

, PR = ) 7:K ﬂE(/ E l“‘L
Tt ﬁ‘ﬁ%g{t y o= S S
n - ey A T RITEA RIEER
L UED S — BPM

r"“" A,// (1E4)

| T EhEE -

{EE:IZ Hb IM // 'ti ﬁg ?E 9'_|_ Mixed Technology Machine

/ (IE3) i PM(Ferrite core)
IM PM Machine 4 assisted SynRM

e

/ (IEZ) // o’
o P 4
/ i
(151) =i | — == e
. -~ 2 = opolo
£ Irn prgve n’?eynts SR mach'“es ’l
& - - Cor|1tro| & Electr?mcs
- mprovements — s o=
JBX & BS iE R il

/MW §§EEW§&

>

Time
Ref: The Advanced Propulsion Centre
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O 52 1 58 7R R 3E - [0) = 12
BB RGRIERARZODZEREERKS - HItAZ R zzE!!

iqs Is + qus 08 Lds ] Vqs - a)eﬁ“m
ids B — W, qu I + pLds Vi

V. -, i 3P, . .
|: ! :| _ |:-qs:| Te = __[ﬂ“mlqs + (Lds B qu)lqslds:|

Vds Ids 2 2
mEREL WeaF
BEMEBERE Ve XAWMAERESE EEER l ' )
KEAINERRES i@ A, FRIERX  FREMNER 2y
PWM3BIE MBS o, SHER
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|
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AB316
O & EH = HIZE 18 Power Stage
_ _ —— <
i* ] V* IDC . .
: s 0 P N <
Te ‘ =X *
>
B < R € R
Encoder<;>
o
| em
I
T i* P iqs V;s |
. Current gs Voltage |— )
* Velocity | ° Current PWM
a)r‘:?—» Controller [ ) E%rr?erp;g? — : Controllers ;%rr?eT;g‘f —> mechanism
B + IdS | f f f Vs
a)r a)r ds VDC a)r er
i .
S < Stationary to - .. P d
ids <« Synchronous <7L|u’k/vbv QIEQW a%n=a<9m

Control Stage
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A KEFE S B R
O 5 EERE) % 4t 2 B 14 BE(Key performance of motor drive system)

v BBEEFHIEE Speed control ratio

v §EiE R EiSpeed regulation

v ZEFEResponse time

v Bt tEPower (torque vs speed) capability

v EINERE L Z &R ELEHIConstant power speed ratio(CPSR)
v BAIERZ2&AKEFEMaximal torque per ampere(MTPA)
v B EEHigh efficiency region
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EE-LAB316

O 5 iE & L 451t — 8% vs. BB3E (Torque speed curve, TN curve)
v TN curveBEERER N 2R KEEHHIER (ZEET1E)

v CPSR:
Constant power speed ratio EINZXR &L ZEELLH] - FARFIAENRRLEZER - (FREARAESH

EEEFEZSE , " REFFNFERTIERATHSEZFTEEREENENEE -

voltage voltage (AZEE EIR)
torque
power

Power=torque*speed power (E8)

f—-\

(mmax\. (20_ 1)
\

f}h’, -
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Kt [a] & B EZE RV F5 £ 5 AP

O FE&H S5 - [FEE (Efficiency map)

v (BESEREL - BEWERE

v}

v BWE

-

400

RERERRFRE - MEESAYH

BB ERERMRERE 7

L
o
=

[
LN
=

Torque [N.m]

100

50

0
0

|
2000 4000 6000 8000 10000 12000 14000 16000

Speed [rpm]
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1||

EE-LAB316

OEREEERT

[ ]:Magnettorque [ ] : Reluctance torque

I

|

' (3) Pure Reluctance
(1) Pure PM Machine (2) PM/Reluctance Hybrid Machine

|
I
|

. Machine
| | |
Increasing salien> :
E I

| | i ' 1\

L :
I
I

@:easing magnet flux

I

I

I

I

I

I

I

1

I

I

I Reluctance Torque Assisted PMSM PM Torque Assisted SynRM
I
: Inset SPMSM IPMSM
I
I
I
I
I
|
I
I
|
I
|
I
I

|
Increasing speed HWENRBE - BRERKR
and/or CPSR CPSR& =
Ref. Trend of Permanent Magnet
j{ ﬁé_é |E_| jj =3 ?L% Synchronous Machines, 2017
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i X 4[5 20 BH 2RV 45 14 &R BB
OIPM &=

3 ” o~ ” ~5.53” ROtOr O-D-
6.37” Rotor O.D. ancAi 10.6” Stator O.D. ~8.47” Stator O.D.

!2002 Prius - 3.5" stack 2004 Prius - 3.3” stack

)
2010 Prius - 2" stack 2017 Prius — 2.4” stack
33 kW, 274VDC, 6000 RPM

S0kW, 500VDC, 6000 RPM 60kW, 650VDC, 13000 RPM 53kW, 600VDC, 17000 RPM

'

[

-
(e

N Y Y Y .
Trerr vy

Hair pin
Stranded round wire

Ref. Enabling Technologies for Compact Integrated Electric Drives for Automotive Traction Applications, 2019
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JAE K fas[E] 20 S R4S 14 57 AR

O 9h gt =0 [ 25 B5 3% External-excited synchronous motor (EESM)
vV 8BS EINSEREZEF - BEEMIDERAZEA

Asynchronous Motor Internal perm. Motor SSM

1||

R VE T

x
-’
-,
L
-

AN

Principle

Large speed range
with constant power

YES

Magnet needed No Yes, 1.5 kg/100 kW Peak
Disadvantage Poor Power Curve Magnets Construction
Advantage Construction Good Power Curve No Magnets,

Good Power Curve

Rotor

g ESF
Ref. BMW iX3

Ref. Design of a Brushless Separately Excited Synchronous Motor 22
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coupled [z E &5
Vqs B Iy + quS We Lds Iqs N a)eﬂ*m
_VdS_ i _a)e qu rs + pLdS__IdS_ O

rS qu a)LdSidS rS LdS C()quiqs
O YAYAYA
+ _ + >

Iqs Ids

Vqs Vs




T.A-PEI X[ L B ENFUERE - SPMSM

= TECH

AB316

i B LLHE
Decoupled 5B REE#S Decoupled X B ERREDBELFUER

eU
a)eﬂ‘m i * A * +é 1 -
, . . : . . . : u Current |AY, Yy ,
ls Current | AVes tX. Vg 1 lgs ls Current | AVas Vg 1 ls (> > >
: —> i > —> > + reqgulator +
+ 2 regulator + LS + R, + 2 regulator +_% LS +R, egulato LS +R,
a)e Ldsids a)e quiqs
I L
rS qu rS Lds S a
O——MA—N O— ANA— O——W——
_—>
; — . + i
Iqs lys a
Vas Vs A
O O o
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EE-LAB316

O #%FE 771 2RR — (h1#(Salient pole) &
d g ERGANENE
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A K4 [Ew BEMNFZFUEIR — BLTIE(IPM)

E-LAB316

O33R E =R AE

RENEE EL,( ﬁ%ﬁ%ﬂfiﬁ%ﬁb%{ﬁﬂwﬁ(lPM) » ILCR meterE A4z H 4 BRVEFRIA2 -
BI&HHE

IPM
FpSE j= 43 n_r# 8 i
2

/;JD: IS\
z N

SHEEEIR | eueER
*RESEEHEEREDE - L& i
REENZFEELCR meter S S R S
*ErIAEEUMEBHEIE I -
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EE-LAB316

‘“'hl

DERMATE (SynRM)

0.35 ‘ ‘

Line current A,

+

0.30

AC 0.25
Power \Y
Source

0.10

0.05

3 Rotor position(electric angle, degree) 9, Q-axis
! qs

RYTARER
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KR FEREFUEE-HEM vs. 482

1R

Hairpin _
Bah

SR

Round wire
Motor winding
Hair-pin
Motor winding

B (9165 A R P
R
BRI
“B 5 E LRI

Ref. Why 1% efficiency improvement means so much

dc

ac

I

AC resistance factor R /R

W

[\

e Symmetric (FEA)
== = Asymmetric (FEA)
L, .:zh o ¥y
7’
L =T L
L; ho s
* - %0
2l | - :
hz;]
hi I
h
2500 5000 8000 12000 15000
(61 %) Speed (r/min) (1200Hz)

Skin (#88) effect K proximity(3#ii1) effect
FERREMMESEEREERIZEEM AR LH

- B FEREIRIRES!

Ref. Asymmetric Bar Winding for High-Speed Traction Electric

Machines
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7 r s 2 EE 2 L N N
K =1= £, E——— RS ~
Par i YEHEEUNERB ZZSEENHE
EE-LAB316
-~ S o p— ~ hY = =
OxiuELHENBRHERSE
KRS HFE ERSHUR
EB B E =)= Bl L]
EETEHE R Vrms tHEEPR Ohm
FAERER Arms D #hEE R Hor mH
R
;EE/ rem Q HER H or mH
mE EH V
B Nm BARRE ms R EE
@1000 rpm
T n;ths
EBAEINR kW or W REMRRRER Vrms or % of E38 BHE
@1000 rpm
&l Vrms/rpm,
e N ES % HREEREE(Ke) AHIE Vrms/(rad/sec) or
Vpeak/(rad/sec)
IhEE# THREEEKL) Nm/Arms or Nm/Apeak
T RE UERABEUAR R HE
i & L Z3 Pulses/rev.
B R EERTE or...
l ) l
| |
FTEIEHZSEH#E AR ETERRE - BUEBHRIE RIEHIARE

Bl{F Rk AR
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YEMESUER 228 ENRZE - EHEE

== s Al
THEE R KFEEt ~ EMEIRHEERS - LCRAIFEE « RS
D B LCR Bl & - BEENBIEFTH(M-G Set)
Q #HEE X
) tHREE#E
@1000 rpm . I .. N

‘ - Mixed domain R g& - FEZEEN 71 RIGEET

mE R EEN SR
@1000 rpm
HREENZEEI(Ke) SR EEN S
g R = B (Kt) H Ke #ft

UERRAFRE UL

Mixed domain R as -~ BEENDAIGET




_TAIPEI YIEHSUER ZSEUSERZE - EllEEE
EESK/leed domain /R 28
v SfRFTE
FFT(frequency domain)
OR&S RTO64
| v 600MHz ~ 6GHz bandwidth
v 1 million waveforms per second

i
W) i
(= ]-]:-]:-]-}
H
B88688
z
B

" \Ele
al®
¥ § §

v'Sample rate up to 20 G sample/s
v' 16 bits resolution (high definition mode)

v’ Fast Fourier transformation (FFT)
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O KR ET
v"Measurement rage =10mQ~1000MQ

v' Basic accuracy £0.006 % rdg. £0.001 % f.s.

v Maximum resolution=10nQ2
v Measurement speed=FAST (2.2ms)
/ MED (50Hz: 21ms, 60Hz: 18ms)
/ SLOW1 (102ms) / SLOW2 (202ms)

HIOKI ...."':‘é’

o 200 :. |
12.00000 no @'o
T 120000 i 100000 = e |
l [‘12] [it_(. O
PO
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LaB316

OLCRAIE

v' Basic accuracy +0.05%

v Measurement time : Fast=70ms
: Medium=125ms o SHBMIID Wl | o AT T oe
: Slow=0.7ms A: ”5 e éﬁggy = & =

v Measurement rage of oz.:: vo - o) Len) (wo) (woj (s S  _~_; o e

R=0.01mQ~100MQ S sono &5 %0000

v Measurement rage of C=0.01pF~100mF
v Measurement rage of L=10nH~100kH
v Measurement frequency=20Hz~200kHz
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AlFE -

=lERE

5 i 3

243

T ph %

O 5&EE) Al 5T (Motor-Generator Set)

N R i

{1

AN

N\

\ iRl B &

HEt
XKATETEE - 10 Nm
ZAEEEZE : 20000 rpm
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:_;T_AT-;_.E,; YiZMHEZENE R ZEHEHRAE - SH:mE NS
O+HEPE(E R ERH)
Er 4B E 1
0\
&) SUEER | HLSER | GYHGER
UV#HH 3.36V 0.97A 3.46%2
\Z L ® VWS 3.36V 0.96A 3.50Q
- WU7E 3.37V 0.97A 3.47Q
M 3.48Q AR E 1.740
' =3.36V
,,,,,, K. -
oV—>p iuv =0.97A IlV
I'd
0A—sh iSOOmA
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S YERSUEBRZSHENRGE - ENRERER
OfHEME(ERER)
L RESER

<, po 2

= UV7H 3.46Q
VW7 3.41Q
WU7H 3.41Q

e | 3430 | MREME | 1710
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:.;IA,-;E,; YIEHESUERBZSHENRZE - SARERG
O+HE PR (3R EFE) ;
2.5
2 | 3.380@500Hz -
LCR meter

2.45Q@250Hz

1
1.930@80Hz

05

0700 150 200 250 300 350 400 450 500

3B (Hz)
Bt 80Hz 500Hz

tHEEFH 1.74Q) 1.93Q) 3.38Q)
ExR 1.11 1.94
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YEMESUEBZSHEARE - sAREREGER

= TECH
O #8EE /& (1kHz) v RAIBEE
-  HEEEFIRNLESEAEE/VE - BloiSqih Kk dE
o  HIEFFER S riEARRETE1kHZ
LCR meter « HEFBZKHRERIR2GLAEERK q
+ SPM - IPM *
ENE(MH) | &/IVE(MH)
UV4E 29.44 28.44
VW1E 29.66 28.54
WU#H 29.74 28.55
Ei1E 29.61 28.51
HHE R 14.80 14.26
oL 14.80mH | dEHERK 14.26mH |+
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YIEHSMERBZSHEANLZE - SARERSE

Ot E

J8 B @ X =

=N

DiE B T T o &

220V/60Hz

B=R $A R (HZz) X/NdBV.rms)
1 67.4 29.90
2 134.8 -0.54
5 336.87 -11.17
THD, 0.02%
Vback_EMF
O e S e 520V
200ms
f??lﬂ_fffnd FANR TSN A N NSO N :i10dBV
0dB—>p—1— 32 ______ 7% S S *
otz AT 53Kz

K.=31.5V,/1000rpm
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O EEEEU
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izov
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_.TAIPEI

-~ TECH

YEHESUERBRZSHERHZE - SRR

R &5

=+
nE

XiuEL HFiE EREEER

I5H B{I 2B I5H B 2B
EATEFHEE B2 Vrms ? FH 88 PEH Ohm 1.74
EAEME R Arms 2.6 D & &K mH 14.26
EATE R
L / rem 2000/? Q MERK mH 14.80
B = 88 3R

7 V

———_ Nm 19 mElHEEE rms

@1000 rpm
B E w | 750 REMRBIZER | s or % of B3

@1000 rpm
EAEBAWIER % ? R EHEE 2 (Ke) £# Vrms/1000rpm | 31.5
ThERRE R ? BEEE (K Nm/Apeak 0.9
B HRE] 8 MUERARZHUSN
{11 & BRI =8

Pulses/rev. | 8192

BEARBIRE
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2. KB BT AR AP
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ANSYS Maxwell
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Embedded Design

Model order Reduction
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Field Solution
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