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PMSM

DC motor

Induction motor
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Speed and Torque Control Improvement | Synchronous motor control

DC motor control

Induction motor control
= AC Servo motor control

BLDC motor control
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Electrical Machines Performance Improvement

Magnetic circuit material —>Reduced core loss (W/kg)

Silicon steel sheet 0.2 mm
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Brushless DC Motor (BLDC Motor)
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Three-Phase Induction Motor
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DC Machine

Commutator

Armature winding
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Speed control of dc motor
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Induction Machine

Three phase armature winding

Armature core

Rotor core
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Speed control of induction motor
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Speed control of synchronous motor
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Electrical Energy Storage Devices

Capacitor P=V_I,

Lead-Acid Battery
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Mechanical Energy Storage System
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Feeder
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A )
Control switch

‘ ‘ Time (t)
) ’ =
Inverter S:peed | t... :Accelleration time
: ZLB.CC E
> l4. : Decelleration time
i i \ Time (t)
- : ) >
i i i tdec E
A Motor torque i >
Time (t)
>

Motor mode

A Braking mode
>

¢
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Load Torque

dw

Tog=J—+aw” +bo+T,

Tload X

dw
.. =J—:
dCC dl_

TC‘
J
b :
a .

dt

Load torque

Acceleration torque

Constant load torque

Moment of Inertia

First order load speed coefficient
Second order load speed coefficient

TA.NTR 1899
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Kinetic Energy of Rotation | Kinetic energy of linear motion

| R 1
E,=—Jw E, =—m’
2 | 2
|
y |
E - Kinetic energy () E ;- Kinetic energy (J)
J : Moment of Inertia (kg.m ) M : Mass of the body (kg)
(D : Angular Velocity (rad/s) v+ Speed of the body (m/s)

TA.NTR 1899



Induction Motor f=50Hz P=2poles

. =3000 rpm
0 rpm
s =100 %

1.,=—KFF sino,,

A 100

% slip (s)= -

S

TA.NTR 1899

n, = 120;50 ~ 3000 rpm

S

n. =3000 rpm

7 A4 n_ = 2400 rpm
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Induction Motor

120 f Induction Generator

S

P =4 poles
f =50 Hz

- 120x50

=1500 rpm

TA.NEN 1899
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A :
1 per-unit

Input current

50 71

Electromagnetic torque

v . _ 1 1
30 1 . per-unit slip

Wl

1.0 0.5
0,

n, Slip at rated rotor speed

_unit sl
_per-unit slip (s)>
-1.0

< Induction motor > Induction generator >
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Motor mode

n, {7, 120% f
n, =
P
T5
O—| Induction motor

Inverter
_ Iy ilp
N KN K o i 3
Braking
© ! —
O T . Capacitor V., i
T7 T2

o

Control information

Command signal

>

Gate control signal I

Inverter Controller

TA.NTR 1899
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Regenerative mode

Energy storage in capaitor (£, ) |
capacitor = E Cl/dc
m/t [ dc ,o/p
AN R e T T3
RBraking
T t p—
)| C it
O apacitor v,
T7 T2
A AN A

Control information

Command signal

>

Gate control signal I

_120x f

nS
TS
Induction generator

Inverter Controller

TA.NTR 1899
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Power loss in braking resistance (£ ¢ ) Bor, =1 . oy Riraking Regenerative mode
| ;;;'_ ) 120 f
L 4 \ 4 ns —
R P
A T3 T3
S capacitor dc
O ® S -
T Capacitor |
O ® apacitor I/dc
T4 T6
JANRRVANRRWAY

Control information

Command signal

Gate control signal I

——

Inverter Controller

TA.NTR 1899
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Regenerative power transfer back to erid (P .
8 P grid (£, o) fdc o Regenerative mode
. ), 120 f
n, = 7
I)o/p, Brake 1 3 T5
—
o R Bidirectional
S
O AC-to-DC
O T V
Converter de
T2 ; :
Control information Gate control signal

Command signal

—————————>

Inverter Controller

TA.NTR 1899
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Regenerative power return to battery (£, )

_|_

Regenerative mode

n.)n,

120x f

Battery
Charger

Communication

em—

BMS

nS
P
T1 T3 TS
O—{ Induction generator

Rotor speed (7

L]

Communication

Command signal

Gate control signal

>

Inverter Controller

TA.NTR 1899
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Permanent Magnet Synchronous Motor Permanent Magnet Synchronous Generator

(PMSM) (PMSG)

Y o 1 1 I . Y
1S A NUTIAITE RN UL AN Stator N1 Rotor

1 3 o g 1 < 1 a3 v & 1 a3
ﬁmmmmaﬂmguumffwmmmaﬂ ﬁHTﬂJLLﬂJ!‘Viﬂﬂ‘HQH@TNWﬂQﬂJ’JLLﬂJ!‘Viﬂﬂ
120 1 X Fy A
ng=———
P b —axis a o,
1.,=—KF F.sino,, A : A
) , AR S,
c _
ar a) Ky ar
_ N s
4 —axis l B — axis
AN @ 2/ s
N b S C
Fypo.
c —axis X a
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Inverter Motor mode

—_
L 2 L
A AN R e TI
RBraking
. » |
O * —
O T . Capacitor Vd y
c,i/p
T7 T2 T4
A AN R O—| O—| Rotor speed (7))
ATIVVUA LU
. 2 4 \ 4 v : g
) . " VALY AN
Control information Rotor speed & position B )
Gate control signal HazANNE 151903
Command signal
IEEEE——> Inverter Controller
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. . ' 1 .
Energy storage in capaitor (£, , ... ) £ -~ cv? Regenerative mo de

]CO =
Ew//»t o 120/
L 4 L 4 ns:
P

A A A Rebarge T1 T3 T5 MG
RBraking O—|
o1 .
e, T * — ®
)| Capacitor
O p Vd C
T7 T2 T4 T6
A A A O_| O—| Rotor speed (7,)
: . . ATIVIUAWH U
3’, 1 [~
Control information mgmmaz )
Gate control signal Rotor speed & position HALANNGI 151003
Command signal
> Inverter Controller
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Power loss in braking resistance (£ R, )

_ 72
])Loss, Ry =1 dc, o/pRBraking
dc ,0/p

Regenerative mode

Rc arge
JANRVANRRVAY e
R 1
S E capacitor -5 Cl/dzc
° ! 2
o T ! Capacitor |

Vi

C

A

1 T3
Braklng

Control information

Command signal

Gate control signal I Rotor speed & position

T7 2 T4
A >

Rotor speed (7,)

120x f

ATV KUY
gﬁ 1 <3
VLA

3 s
HazANNE 15nes

——>

Inverter Controller
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Regenerative power transfer to grid (£, 5...)

Lic o Regenerative mode

T 120x f

0 R Bidirectional
S
O T AC-to-DC
O
Converter

E% |
E

Control information

Command signal

T2 T4 T6
Rotor speed (n,)
A5I9IUA N U
gﬁ 1 <3
' VILLULU AN
Gate control signal Rotor speed & position 2 ’
Llazﬂ’31nli’31§£@6§

—————>

Inverter Controller
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Regenerative power recharge to battery (£,_,.) i o

Regenerative mode

———

_|_
=

I
S

120x f

n,=
P
3 TS
O—| PMSG

—

: E
R
Battery 3
Charger Battery
C icati
ommunication i T2 T4
“17 Rotor speed (7,)
BMS A59FUM KU
o VAUINAN
C icati i Rotor speed & position
| ommunication Gate control signal P P nazaNuiEa Ismes
Command signal
————> Inverter Controller
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1 kW.h = 3,600 kJ=3.6 MJ

m="7kg

car ~ 2,000 kg

2 passenger =130 kg
m=2,130 kg
v =100 km/h=27.8 m/s

1
Ek:a

2,130x27.8° =0.82 MJ

Regenerative brake

TANYH 21904

Locomotive
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Q&A

TANYH 21904
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