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(Introductory Synchronous Machines)
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B 77 (Phase). Single-phase and three-phase.

(1) Synchronous machine (SM):

© Salient-pole(} & \) Low speed (4c-k # 2 T #)

© Non-salient-pole (*£ & 3% )or cylindrical-type ([F]4i3") -
High speed (4 ¢ 7‘ ’f @ 1)

X] & )t # 4.4 £ (Brushless DC Motor, BDCM) :
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(2) Induction motor (IM):
© Wound rotor (or slip-ring) (Rr can be changed)

© Squirrel cage rotor (Rr is fixed)

2. %7% (Construction):
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INFORMATION ABOUT
HIGH SPEED TRAINS

trains running at 200km/h = 125mph and faster

USA: Amtrak's Acela (245 km/h = 150mph)

Sweden: Arlanda Express (200km/h = 125mph)

Spain: Renfe's Alaris Tilting Trains (220 km/h = 135 mph)

Sweden: x2000 (200 km/h = 125 mph)

USA: California High Speed (320 km/h = 200 mph)

Ttaly: High Speed Train ETR 500 (300 km/h = 190 mph)

Finland: RHK's Pendolino (220 km/h = 135 mph)

Florida Overland Express FOX (320km/h = 200mph)

Norway: The Gardermoen line (210 km/h = 130 mph)

Germany: InterCity Express ICE (300 km/h = 190 mph)

Australia: Queensland Rail's High Speed Line

Japan: JR Central's Shinkansen (270km/h = 170mph}

Australia: Speedrail High Speed Railway (320km/h = 200mph)

Switzerland: Tilting High Speed Trains (200 km/h = 125 mph)

Taiwan: High Speed Railway Administration (300 km/h =186 mph)

France: SNCF's TGV Train Grande Vitesse (300 km/h = 186 mph}

South Korea: Korean National Railroad's TGV (300 km/h = 186 mph)

Benelux/German/France: Thalys PBKA (300 km/h = 186 mph)

UK: Railtrack's West Coast Main Line (225 km/h = 135 mph)

China: High Speed (250 km/h = 155 mph)




W 5eries 500

In Service : March 1997

Cperator @ West Japan Hailway Company

Funning at a maximum speed of 300kmth, it features a number of new kinds
af technaology to ensure high-speed performance, a mare comfartahle ride,
less noise, and minimized pressure chandges inside the cars when the train
enters atunnel. The carbody is designed for maximum passenger comfort
and to facilitate train operation and maintenance.

Gause : 1,435mm

Electric system : 265KV ac, GOHz

Train formation : 16h

Train ratings{continuous) : 64 ¥ 235k

Carbody : Aluminum-alloy construction

Bogie and driving system : Bolsterless bogie, air suspension, gear coupling
drive

Traction Control system : PV converter FW2WAYE inverter cantrol sith
regenerative braking

Maximun sendce speed : 300kmrh
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F(O,t)= Nigcos& =N |,coswtcosd =

A
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= A B(M=3)2 %

F(O,t)=Nij,cos 0+ Nij,cos(O—-120°)+ Nij.cos(8+120°)
= NI, cos wt cos @ + NI, cos( wt —120° )cos( & —120°)

+ NI, cos( wt +120° )cos( & +120°)
=0.5NI, cos(8—-awt)+0.5NI  cos( &+ wt)

+0.5NI,, cos( @ —wt)+0.5NI , cos( 6+ wt+120°)
+0.5NI,, cos( @ —wt)+0.5NI , cos( O+ wt—120°)
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© # 12 %, & (Physical Meaning):
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© m=2(" 4p): P=2 (7 £5)

% 49 ¥ AL(Symmetrical) % B #2230 2 B3 4p £ 90°
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F(O,t)=N_ imcos@+ N, ij,cos(8+90°)
=N _|_coswtcos@+ N _1_cos(wt+90°)cos(d+90°)
= 0.5NI _ cos(0 —wt)+ 0.5NI  cos(8 + wt)

+0.5NI_ cos(@ —wt)+0.5NI _cos(fd +wt+180°)
= NI cos(0 — wt)




1. STRUCTURE AND GOVERNING

EQUATIONS

B Classification of BDCMs

X] Speed servo drive: square-wave BDCM

© Using photo sensor
O Using Hall sensor

X] Position servo drive: sine-wave BDCM




B Square-wave BDCM: using photo sensor

. Revolving shutter
Photo transistors -

PT 2




B Sguare-wave
BDCM: using
Hall sensor
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B Operating principle of sine-wave BDCMs
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Te =

X| The developed torque

3P .
22[/1{nlascos,8 (Lg — L )Igssm,Bcos,B]
3P Lq — Ly
22[Z{nlas cos B+— §S sin2f]
Electromagnetic Reluctance
torque torque

B For an IPMSM, its developed torque consists

of both electromagnetic torque and reluctance
torque due to Ly =L,



1. ESTIMATION OF EQUIVALENT
CIRCUIT PARAMETERS

B Experimental mechanism for making parameter estimation

IPMSM
SW
a + €45 -
AC /e Driving
Power device
Source

e Rotor 1s locked at a particular position and the winding 1s excited
with a variable-frequency and variable-current AC source.

e The voltage, current and power are recorded.



B Per-phase equivalent circuit model

RG,0.,f)  LG.6.,1)

g Ias

as @ed(wr)

X] Back EMF constant estimation:
eq = Kty

X] Flux linkage amplitude estimation: A,




[X]I Winding inductances

ihs

Lasas = Lis + La + Lg c0s26,

LbSbS = LlS + LA + LB COSQ.(H,— —2?7[)

L

CSCS

2
= Ly + Lp + Lg cos2(6, +?ﬂ)

1 T
Lashs = Lpsas = 5 L+ Lpg cos2(6; _5)

1 T
Lascs = Lesas = 5 LA+ Lg cos2(6, "‘5)

1
Lpscs = Lesbs = 5 La +Lg cos2(6, +7)




B Y-connected with non-isolated neutral

. d . : d .
as = Fslas + a[(l-ls + LA + I—B COS 2‘9r)|as]: Fslas +E[Lasas(‘9r )Ias]
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Parameter estimation via slip test

Stator is excited by a three-

g comen o smtroor (IO
samvensseetsigny (T

speed.

Synchronous rotating flux

encounters different ::’f:‘:“:" L il gl
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