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MNAIFIUMIUHUAINFN (Code of Practice)
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Transmission & Distribution System

Load System

—

TA.NYH Q1904

Generation System




wa Tulagndrna lumsdsenevImsniainssu lulilh

Power Generation Technology

Transmission & Distribution Technology

Motor & Speed Control Technology

Energy Storage Technology

Programmable Controller Technology

Data Analysis

> Artificial Intelligence (AI)

Internet of Things (IoT)
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Tinszuaady 3 wa 4 a1e

3-phase, 230/400 V, 50 Hz, Star-connection

useau lulvhing £1) (Nominal voltage)

A Voltage

v, (t) =325sin 314t
V, (t) =325sin(314t —120°)

v, (t) =325sin(314t —240")

! 9 <3 Yy A
Lﬁ@ﬁlﬂ)’ Phasor GUQQW\I%T a HJ‘L!!,!,ﬂ‘L!@']\‘IfN

V, =230£0°

1 cycle =27 =360 =20 ms

) >

V, =230(-120°)

V, =2304(-240°)
w=2rf =314rad./s

TA.NYH Q1904 11



Average voltage

1T
V= ?gv(t)dt

Root mean square or effective voltage

V(t) = V,, sin(ot)

TA.NYH Q1904
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Tinseuaady 3 wea

v q Jd
ussauiluaaugil el (Sine wave voltage)

usaeu Iilazanudiaaen

m lusdeanaa 1Wihnseuaady 3 wla?
i ludeuilunaugal Tanio
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Time (<)
vrk vsk vtk

¥ A

e
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Time (s)

Fundamental (50 Hz)

Fundamental + 3" Harmonics

400
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200

Voltage (V)

ey
o
o

-200

-300 -

3" Harmonics (150 Hz)

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
Time (S)

| Ve (t) =V, sin (opt) +V,,,sin (Kot + ¢,)
Ivg(t) =V, ;8In (ew,t —120°) +V,  SIn (Kot —120° + ¢, )

| Vp (t) :Vm,lsin (C()Ot — 2400) _l_Vm,kSirl (ka)ot — 240 + ¢k)
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rms value for several sine and cosine terms

X = 8, +(@,cos(wt) + a, cos(2awt) +...) + (bsin(wt) + b, sin(2awt) +...)

ersz\/a§+%(af+a§+ ............. )+—(b12+b§+ ............. )

Voltage Distortion Factor (VDF)

VDF = Y100 %
Vl

TA.NYH Q1904



wﬁ@uﬂaﬂw 1/9\{1 w1 bl (Electric supply)

3-phase, 240/416 V, Star-connection

S :
o i & L
o I Three-
Three-phase Voltage probe X100 phase
o Transformer y Load
24kV/416V " ava
Power supply Delta/Star ’\\//> o g0 J Y-
(MEA) /, connect
3-phase 24kV, \
50Hz
T

usaau I NNAa (Rated voltage)
TA.NYN 218D 17



Jo 11 lrh/\l Vg\h 3-phase, 230/400 V, Star-connection useau Inlihins ¥1) (Nominal voltage)

s N Time domain
F (A ",
- 9
T
@
Three-phase |U * Ve w
Source VP P
V
@ lp =1, Load
V
Vo =—= X Y Z
N J3
@ @
R Y -connected impedances
FA.NEA D909 18




(& - v =Ym _o3y
rmSVoltag probe X100 i A m \/E
Vv
@ ¥ = | —1m _100 A
Vims ® ¢ L rms \/E

f =50 Hz w=2rf 0

i
w=27rx50=314 rad./s F M w:
V(t) V sin ( ) 325siIn (314t) QZ%ZSOle:zo ms

) aszua IMiheuraausau ()

() = 1 Sin (et — 0) =141.4sin (314t —30°

TA.NYH Q1904 19



v(t) = 325sin(314t)

‘i : ,\
‘ i(t) =141.4sin (314t —30°)

l )/ ‘ - p(t)=v()i(t)

:—><325><141 4(cosso —cos(628t 30° ))

p(t) = 23,000c0s 30" — 23,000 cos (628t —30° )

p(t) =19,900 - 23,000 cos (628t —30" ) W

20



Phasor notation |  Frequency domain

V =V /0° =230£0° V ‘
[=1_./-0=100/-30° A ]
S=VI* =P+ jQ

S =VI* =230,0°100,30° = 23000,30° =19,900 + j11,500 = P + jQ

S = 23,000 VA=23 kVA
P =23,000c0s30°=19,900 W=19.9 kW > iQ
Q =23,000sin30" =11,000 var =11.5 kvar g

TA.NYH Q1904 21



Voltage/probe X100

v(t) @ i(t)

ms Po
A~ o~ VOV VA
lagging ) R JoL
V
|
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v(t)

&

\Y

©

m

s

A
QY

Voltag

probe X100

I(t)

Leading

i

Vo

V
>

S=P+jQ=VI" =V40°(¥— joCV

R
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115219

L1

L2

L3

AR

\

3-H

Phay

e, 380 V, 50 Hz

M52t

JQ

€ =Ccos

M52 I 380 V, 2,000 kVA, 0.8 p.f. lagging

L 33_¢ ~ 2,000,000
- \/§VL \/§><380

P =Scosé =2,000x0.8=1,600 kW

=3,038.8 A

Q =Ssind=2,000x0.6 =1,200 kvar
S=P+JQ

*(0.8)=36.9"

TA.NYH Q1904 24



Y 9 Y 1 1 A .
2170413 2UAL 1AM Power factor MItAY 0.9 p.f. lagging

151 d Capacitor Tudan Power factor 1¥Araaaaiily 0.9 p.f. lagging

ua 13 Taud Tums lganuniasumad 1 A1ved Real power 630NN 1,600 kW

S, = 2,000 kVA JQ, =1,200 kvar P 1600 kW

S — —
cosé 0.9

sin@ =12 —0.92 = 0.436
Q =Ssin@ =1,777.8x0.436 = 775.1 kvar

=1,777.8 kVA

JQ, =775.1 kvar

P =1600 kW

ﬁ?ﬂ aoala Capacitor 11luffn Power factor = 1,200-775.1 = 424.9 kvar
Three-phase capacitor 80 kvar 91UIU 6 A1 9% I4 480 kvar

TA.NYH Q1904 25



Three-phase capacitor 80 kvar, 525 V, delta-connection

]
g 9

mmmlﬂmmﬁﬁ 1ALUTIAU 525 V, delta-connection
Qg 80
[ phase= = = —=26.7 kvar
Q/p Qg 3 3
l. = wCV =314x308x107° x525 =50.8 A
ER
o = Q4 _ 26,700 08 A
V 525

Q _, =1V =w@CV?
A Q., 26,666.7

C=—5= 2
oV 314 x525

=308 uF/phase

TA.NYH Q1904 26



(074

Y o Y A A
ARV RIRN G AREIET

ALLTIAY 400 V (Nominal voltage), delta-connection

lc = wCV =314x308x107° x400=238.7 A

Qs 5 =3wCV* =3x314x308x10™° x 400 = 46.4 kvar

a5t mMsud power factor 92 Tty llawnesnuuy

)

TA.NYH Q1904
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27



igﬂﬂllaglﬂéﬂﬂ%ﬂﬁﬂﬂll%l‘lm

A

TA.NYH Q1904

28



ﬁ%UULLﬁ%Lﬂ%@Q%ﬂiﬂﬂqv\lﬁT

Electric machines

Protection system

Control system (PLC & SCADA)

Starting and speed control system

Circuit diagram (Power circuit & Control circuit)

TA.NYH Q1904
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Q&A
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