‘e N | Electrical Delivery

CHUONG 6
BU CONG SUAT PHAN KHANG

A1Inoe 4 21U0J109|3-|ed11)09|3

4/23/14



¢

v

4/2

XN 6.1 Tdng quan

e g

Trong hé thong dién ton tai cac khai niém nhw cong suat tac dung
P(kW), cong suat phan khang Q (kVar), cong suat bieu kién
S(kVA).

Coéng suat tac dung P sinh ra céng cé ich, bién doi thanh cac dang
nang lwong khac

Cong su:élt phan khang Q khéng sinh ra cdng vi vay pén goi la
cong suat vo cong, tuy nhién cong suat phé}n khang can thiet de
tao twr triro'ong phuc vu thwce hién qua trinh bién do6i nang lwong.
Céng su‘ét phan khang dwoc tiéu thu b&i phu tai nhw déng co’
khéng dong bo, MBA, dwong day.

Pong co khong dong bd tiéu thu 60%-65%, MBA 20%-25% cong
suat pI]én khang cua lwéi dién, phan con lai la do dwong day va
cac phan tw khac tiéu thu ; cong suat nay mang tinh cam.
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Phan tich tén hao coéng suat

m SZ PZ _|_Q2
AP =3"'R=—R=—7""R=AP, +AP,
U U

AP, —ton hao do P gay ra
AP, —ton hao do Q gay ra
1. Gia thiét can truyén cong suat P, cho tai thuan tré va dién ap
la 1.05U
a ’ 0.91P,”
= R

— 2 _ Pl
AP, =3I°R = “R 2
(1,05U, ) U

dm

2. Gia thiét can truyén cong suat P, cho tai v&i cosp=0.78 va
dién ap la 0.95U,

P’ 1,82P,°
_ ~R = —R =2AP,
(cos9)"(0,95U,, ) U ;

dm

AP, =3I'R =
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J Phan tich ton hao cong suat
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Nhan xét

v M6t phan tén hao cong suat tdc dung do cdng suat
phan khang gay ra

v Téng tén hao trong Iwdi dién chiém 9-12%—phai gidm
cdng suat phan khang truyén trén dwdng day va qua
MBA bang cach cap nguén cdng suat khang tai chd :
bu cdng suat phan khang
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Hé s6 cong suat cta céac thiéet bi va do gia dung

thong thwong
Equipment and appliances cos O tan @
m Common loaded at 0% 0.17 5.80
induction motor 25% 0.55 1.52
50% 0.73 0.94
75% 0.80 0.75
100% 0.85 0.62
m Incandescent lamps 1.0 0
m Fluorescent lamps (uncompensated) 0.5 1.73
m Fluorescent lamps (compensated) 0.93 0.39
m Discharge lamps 041006 |2.291t01.33
m Ovens using resistance elements 1.0 0
m Induction heating ovens (compensated) 0.85 0.62
m Dielectric type heating ovens 0.85 0.62
m Resistance-type soldering machines 0.8t00.9 0.751t00.48
m Fixed 1-phase arc-welding set 0.5 1.73
m Arc-welding motor-generating set 0.7t0 0.9 1.02 t0 0.48
m Arc-welding transformer-rectifier set 0.7t008 [1.02t00.75
m Arc furnace 0.8 0.75




i g i 1

v Tén hao AP va AU do Q lam tang dau tw ban dau

v Q lam tang S va tang tai khdng can thiét cho cac phan t
lwdi, vi dong dién tang

v Q lam gidm kha nang mang tai cta dwong day va MBA

v Dau tw phat va truyen tai Q tv may phat dén tai Ion hon
nhiéu so v&i viéc tao ngudn Q tai cho

v Hop ly néu may phat cung cap mét phan Q, phan Ién con bu
tai cho
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H
.-; ,ngl- Nguyén ly bu CSPK 050 < P
: 1 \/})2 +Q2
CoS @, = P
© PP +(0-0,)
2 2
+] ) AE _ P;zQ P
2 2
AP2=P +(IQ]2—QZM) R
AU, = PR ;-]QX
AUz = PR+(Q_Qbu)X
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g Muc dich bu cong suat phan khang
‘I"I i

v Pam bao dat hé so6 cdng suat theo yéu cau

v Nang cao hé so céng suat cua lwei dién.

v Nang cao chat lwong dién nang lwi dién

v' Giam ton hao céng suat trong day dan va MBA

v/ Giam ton hao dién ap, nang cao dién ap tai nut

v Giam coéng suat biéu kién, giam céng suat phan khang
trong lwéi

v Giam dau tw ban dau cho MBA va day dan do giam
dong dién

v' Giam trung binh ton hao cdng suat dén 0,081kW/kVar
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By Thiet bj bu Q

Hi 18

v Tu bu: thwong sir dung cho lwéi dién ha thé va trung thé cao
thé v&i dung lvong vira va nho.

v May bu dong bd - dong co dién dong bo & ché dé qua kich
tw phat Q cho Iwéi dién ha thé va trung thé véi dung lwong
Q; lon.

v Thwdng tu bu dwoec mac song song voi thiét bi tiéu thu dién
(bu ngang)

v Trong mdt so trwdng hop khi cong suat Q; cla Iwdi thay doi
manh vi s&r dung 10 hoi, thiét bi han, thi tu nén mac ndéi tiép
(bu doc)
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Vi tri lap tu bu Q

110-220kV

22KV
CBl=F | |

TU TRUNG TAM
T Tlce=

MBA

TPP 0.4kv|  0.4kv M3
e
CB4
TDL O i -
-rﬁE- = CB7 — CB9
T I - - T
T M1 T M2
CB6 CB8
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BKN Vi tri lap tu bu Q
Hi 18

Bu rieng (CB,,CB,,CB,)
v BU riéng nén dwoc xét dén khi cong suat dong co dang
ké so v&i cong suat mang dién
v B6 tu mac trwc tiép vao dau day noi cua thiét bi dung
dién co6 tinh cam.
v Bd tu dwoe dinh mive (kvar) trong khoang dén 25% gia

tri céng suat (kW) cta dong co.
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gK. Vi tri 1ap tu bu Q

I
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Bu riéng thworng dat tai dau cwe déng co’
v Qu diem:
= Giam tien phat do van deé tiéu thu céng suat phan
khang (kvar);
= Giam dong phan khang t&i ddéng co;
= Giam kich thwéc va ton hao day dan doi véi tat ca day
dan.
v Nhwoc diém
= Van hanh khoé khan
= Chi hoat déng khi déng co’ lam viéc
= Gay hién twong tw kich ttr doi véi dong co’

12
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¢ Vi tri lap tu bu Q
&
e 3 Bi theo nhom (CB,,CB,)

Uu diém:
= Giam tien phat do van dé tiéu thu CSPK;
= Giam dong dién t&i ta dong lwe, phan phoi
= Giam tiéet dién cap den cac ta phan phoi;
= Giam ton hao trén day dan

* Nhwoc diém
Khi c6 sw thay doéi dang @
ké cua tai, xuat hién N1
nguy co bu dw va !““n&qj ““““““ ﬂ
kém theo hién twong f";?"—__‘j' : _ ’F;Z_"‘_'f

qua dién ap. = | F
55 8¢
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N Vi tri 1ap tu bu Q

Bu tap trung (CB,,CB,,CB,,CB.)

= Ap dung khi tai 6n dinh va lién tuc.

= B6 tu dau vao thanh goép ha ap cua ti phan phoi

chinh va dwoc déng trong théi gian tai hoat déng

I 14
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| BKy Vi tri lap tu bu Q
Hi 18
Bu tap trung
Uu diém
= Giam tien phat do van de tiéu thu céng suat phan
khang;

= Pon gian trong van hanh va lap dat

= Lam nhe tai cho may bién ap va do dé c6 kha nang
phat trien thém cac phu tai khi can thiét.

Nhwoc diém:

= Dong dién phan khang tiép tuc di vao tat ca 16 ra tu
phan phoi chinh ciia mang ha the.

= Kich c& cta day dan, céng suat ton hao trén day cia
mang dién sau vi tri lap tu khéng dwoc cai thién

15
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Phwong thirc bu Q bang tu dién

Bl nén va bu trng déng
v Bl nén la bu véi cong suat co dinh, ap dung cho dang tai
én dinh.
v Bl (rng dong: thay doi dung lwgng bu theo hé so cong
suat ; bat budc ap dung khi Q,, = 15% S, ,ua

|
role Var ké
\r

X
3 g
3 bién dong CT In/5A class 1

 img Hf e
o
Tu bu ¢é dinh /%/“/\ f’*\/\ }/X/\
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Thiét bi bu Q — trung the
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Tu bu

e i 4

Uu diém:

= Ton hao trong tu nhé 4,5kW/1MVAr.

= Kich thwée nhd, khéng co tieng on vi khong c6 may

dién quay
= B3o tri don gian va ré tien
= C6 thé dé dang tang giam céng suat

= Lap dat & moi vi tri theo yéu cau

4/23/14
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Ckm Tubu
ai‘ 1§

Nhwoc diém:
= cOng suat Q phat ra gidm khi dién ap giam

U
U

luoi 2
uol ) QCdd

dmtu

Qc =(

= S phu thubc cua C(“)pg suat phat vao dién ap co thé gay
anh hwéng day chuyén (Q|—-U|—-Q|—U))
= Gidm tudi tho khi dién ap luwdi cé nhiéu séng hai

4/23/14
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380V 3s0v 380V 22KV 4 B c
b L pwow

&\ CB \Switch \Contactor céa:h li lA_AJ LMJ
— Y

[] MC BU BU

N
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o Xac dinh dung lwong bu
1 I B
Theo yéu cau vé hé so cdng suat

v Dung lwong bu phu thudc vao hé sé céng suat trwde khi bu

cosp1va hé sd cong suat yéu cau cosg?2

Q.. =Q,-Q, =P(tgy, -tgop,)

23
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< Xac dinh dung lwong bu
e

Theo yéu cau chong
qua tai cho may bién ap le‘l — Qtt - QBmax

Néu Q,, <0 — khéng can bu
Qemax— €ONQ suat phan khang 1én nhat ma MBA co thé truyén tai.
Qtt — cdng suat phan khang tai max

QBmaX — \/SzdeBA — Pztt

24
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tan ¢ |cos¢ |Nominal rating of transformers (in kVA)

100 (160 (250 (315 (400 (500 (630 (800 1000 (1250 1600 (2000
000 |1 100 (160 250 (315 (400 [500 630 [800 |[1000 (1250 [1600 [2000
020 098 |98 157 245 (309 (392 490 617 |[784 980 (1225 [1568 [1960
029 1096 |96 154 240 (302 384 480 605 768 960  [1200 [1536 (1920
036 094 |9 150 1235 (296 (376 470 592 752 940 [1175 [1504 [1880
043 1092 (92 147 1230 (290 368 [460 580 736 (920  [1150 [1472 [1840
048 1090 (90 144 1225 (284 360 [450 567 [720 900  [1125 |1440 [1800
054 088 (88 141 1220 (277 352 440 554 |704 880  [1100 [1408 [1760
059 1086 (86 138|215 (271 [344 430 541 |688 (860 (1075 [1376 [1720
065 084 (84 134 210 (265 336 (420 529 |672 |840  [1050 [1344 [1680
070 |0.82 (82 131|205 (258 328 [410 |517 656 [820 (1025 [1312 [1640
075 10.80 (80 128|200 (252 320 (400 |504 |640 [800  [1000 [1280 [1600
080 |0.78 |78 125 195 (246 312 390 491 |624 780 (975 [1248 [1560
086 |0.76 |76 122|190 (239 304 [380 479 |608 [760 (950 [1216 [1520
091 (074 |74 118|185 (233 (296 (370 466 [592 [740 (925 [1184 [1480
096 |0.72 (72 115 180 (227 288 360 454 |576 [720 (900  [1152 [1440
1.02 (070 |70 112|175 [220 [280 350 [441 |560 (700 |875 [1120 [1400

Kha nang tai cdng suat P ciia may bién ap day tai khi co hé s
cosq tai khac nhau 25



An installation is supplied from a 630 kVA transformer loaded at 450 kW (P1) with a
mean power factor of 0.8 lagging. The apparent power S1= % =562 kVA

The corresponding reactive power

Q1= (S -PF =337 kvar

The anticipated load increase P2 = 100 kW at a power factor of 0.7 lagging.
The apparent power g5 100 _ )0 110

The corresponding reactiv@p?ower

Q2= /S22 ~P2% =102 kvar

What is the minimum value of capacitive kvar to be installed, in order to avoid a
change of transformer?

26



Total power now to be supplied:
P =P1+ P2 =550 kW

The maximum reactive power capability of the 630 kVA transformer when delivering
550 kW is:

Qm=S2-P>  Qm=630%-5502 =307 kvar

Total reactive power required by the installation before compensation:
Q1 + Q2 =337 + 102 = 439 kvar

So that the minimum size of capacitor bank to install:

Qkvar = 439 - 307 = 132 kvar

It should be noted that this calculation has not taken account of load peaks and their
duration.

The best possible improvement, i.e. correction which attains a power factor of

1 would permit a power reserve for the transformer of 630 - 550 = 80 kW.
The capacitor bank would then have to be rated at 439 kvar.



Q ™S
~
~
\\
\ A
\
S2 Q2
\ Q
b P2y
S1 Y
Q1 \ Qm
\
t' - Y =
P1 P

Bu Q cho phép tai cia mang ting Ién S2 , khéng can thay
MBA . o )
Cong suat toi da cua tram bang CS S,
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KN Bai tap

ai‘ u

Xac dinh dung lwong bu céng suat phan khang theo yéu cau
chong qua tai cho MBA . Céng suat dinh md&c ctia MBA 13
Ssm=2000kVA cung cap cho phu tai P,=5400kW, Q,=5510kW

1. Xac dinh sb lwong MBA trwdc bu theo diéu kién qua tai sw

r
n

CO
2. Xac dinh dung lwong bu khi may bién ap cé K.=0,8

3. Néu biét Q, ,,=536kVar xac dinh so lwong tu va hé so
cdng suat sau khi bu.

29
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gK Phan bo tu bu cong suat phan khang trong
‘e X |w&i phan phéi ha thé

v’ Dé gidm tén hao cdng suat can phan bd CSPK hop ly

v Néu lwdi phan phdi chi str dung cép, cac tu nén dat tai cac ti
dién.

v Néu c6 nhiéu truc chinh cap nguoén tlr 1 MBA thi chi dat 1 bd
tu/1truc.

v/ Céng suat bd tu ty 1& thuan vaoi tai

v Trén 1 truc chinh khéng dat quéa 2 bd tu c6 céng suat gan nhw
nhau.

v’ Hé thdng tu bu phai dwoc trang bi thiét bi xa tu

30
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So do bu CSPK
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. BK.;. Phan bo céng suat phan khang trong lwéi ha thé

Phan b céng suat phan khang trong lvéi ha thé
v Néu phu tai tap trung & ntra cudi cta truc chinh thi chi nén dat
1 b6 tu. Vi tri dat duwoc xac dinh theo diéu kién sau:

0, = sz =0,

a T

Truc chinh 9 D
TR T D
p— ‘

Qtu

32
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| BKy Phan bo cdng suat phan khang trong lwéi ha thé

v Néu gan 2 bo tu vao 1 truc chinh. Vi tri dat dwoc xac dinh

theo diéu kién sau: Q
Qf ftu? > Qf+1

2
le 20— 0.

\Y

Qh o Qtu2

EmEnaung!

Qtu1 Qtu?2

33
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KNy Bai tap 1

oo sz s
| =IEaeS

’sw‘

Hay xac dinh vi tri lap dat tu bu 300 kVar trén hinh sau

630kvar 2410kvar3 460kvar
l530kvarl ‘260kvar‘ i

Lookvar] [120kvar) [150kvar] [200kvar] [60kvar ]

Tai1: 630 >300/2 va 300/2<510
Tai 2 : 530 > 300/2 va 410> 300/2
Tai 3 : 410> 300/2 va 300/2 <260
Tai 4 : 260 > 300/2 > 60

Tai 5 : 60 < 300/2

chon lap tu tai vi tri 4

4/23/14
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lng im Bai tap 2
<@

Hay xac dinh vi tri 1ap dat 2 tu bu céng suat lan lwot 1a Q,,,=150
kVar; Q,,,=200 kVar trén hinh sau

O

[100kvar] [120kVar) [150kVar) [(200kVar] [60kVar |

4/23/14



Vi du

Mét tram dién cung cap cho phu tai 300 kVA & hé s6 cong suat cosg,=0,8
tré. Mot dong co dong bod dwoc dat song song voi tai. Tai cda tram 1a 300 kW

V@i cosg, = 0,95 tré. Xac dinh:

a)Cong suat kVA cta dong co dong bo;

b)Hé sb cdng suat ctia déng co.

Coéng suat khang tong

Qt = (P + Pm )tg(pZ
Q, =300x0,3228 = 98,64KkV Ar

Q-Q, =180-98,64 = 81,36kVAr

P =60 kWvaQ_ = 81,36 kVAr (s&m)

Cdng suat biéu kién cta déng co’

S =P +Q* =60? +81.36> =100kVA

Tai cua tram trwéc khi cé dong co
P =Scos¢p =300x0,80 = 240kW
Cdng suat phan khang twong rng

Q =Ssing@, =300x0,60=180kV A

Tai tong khi c6 dong co’
P,=P+P_=300kW (d4 cho)

Trong do

P =300-240 = 60 kW

Hé s6 cong suat tong hop cosg, = 0,95
tgp, = 0,3228

Hé so cdng suat cua déng co’

P

m

COSP,, =3

m

o0 =0,6(s6m)
100 ,O\SO1M 36




| Xac dinh dién dung tu bu

v Tu bu cé thé dau theo so’ do hinh A hoac hinh Y.

v V&i cung mét cdng suat phan khang Q,;, dién dung
cua tu khi dau A nhé hon dau Y 3 lan.

v Khi dau Y, méi tu chiu dién ap pha.

v Khi dau A, moi tu chiu dién ap day.

4/23/14
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Khi tu dau hinh tam giac (A)

Oy

J3U

day

4/23/14

b
¢

L

—

l& L&{, 14
X

AR

- —
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o -N Khi tu”déu hinh sao (Y)
: | S—
]L _ Qbu IJI JE% J&
¥3Uus X,
N
U U
Y = day _ pha
C \/§]C ]C Q
IC — ]L — bu
oo L1 J3u,,
wX,. 27X,
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So sanh tu dau (A) va tu dau Y

tu dau hinh tam giac (A)  tu dau hinh sao(Y)
Utu =lJdéy
Cl‘mg QC
Cung C

40



Bai tap 3

. Bk
i ‘ a

Cho mdt nha may cdng nghiép dwoc cap ngudn ba pha

b&i MBA 22/04 KV c6 phu tai la S=1400+1000 (kVA).

1. Xac dinh dung lwong bu céng suat phan khang dé hé
s6 cong suat dat 0.95.

2. Xéac dinh dién dung ctia mdi tu dién néu tu dién dau:
a. Tam giac
b. Sao

4/23/14
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P+iq

A GD_T{] Bu kinh té trong mang

N dién
S R > o
= | Q-Qwi Ham chi phi tinh toan

Q Q.f
U2

2=71,t7,+t7;= (avh +atc)KO'le‘1 +Cy AP .Qy, T+

Z.: Thanh phan lién quan dén von dau tw thiét bj bu
Z, = (a,, +a )K,.Qp,
K, Ia gia tiéen mét don vi dung lwong bu

R1C,

Z,: Thanh phan ton that dién nang trong thiét bi bu
Z,=C,AP,Q, T

C,: tien 1 kWh dién nang '

AP,: ton that cong suat trén moét don vi thiét bi bu,
0,003+0,005 kW/kVAr

T : th&i gian déng tu

Z,: thanh phan ton that dién nang trong mang dién sau khi dat thiét bj bu

2 > '
7 = P~ + (Q ~ Qbﬁ)z R1C Bo qua ton that do P gay ra vi P khong
3 U2 TV déi trwée va sau bu 42



07 2R7C,
(avh ta, JK,+C,.AP,.T - U2 (Q -Qua ) =

U*a, +a )K,+C,.AP,.T}
) 2C,Rt

Trwong hop Q,, < 0 c6 nghia la dat thiét bi bu la khéng kinh té

0
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Phan bo dung lweng bu trong mang dién cdng nghiép
Dung Iwong bu dwoc xac dinh theo cong thurc
Q.. s = P (tgg, - tgp,) kKVAr
Tu dién c6 thé dat trong mang dién trung ap hay trong mang ha ap
Xac dinh dung lwong tu dién bu phia ha ap

cao

Q-Q,.)’
L= (avh ta IkgaQbha +k; (sz - Qbha )]+ ( Uzbh ) RZCT v API?HCthha

kfla :d/k var hathe k! :d/kvarcaothe

APO, . :ton thét CS tac dung /don vi tu bu ; t ; thoi gian tu lam viéc (h/nam)
T: th&i gian ton that cong suat cwc dai (h/nam) ; Ry dién tré& mach nguon
Q: cdng suat phan khang cua tai

4 U2 -(avh + atc)(kga -kgao) t-

-0 =0- + AP — 110’
9Q,,. Qs 2R, c.T .,

Q(kvar) ; U (kV) ; Ry (Q); ky(d/kvar); c (d/kwh) , t (h) ; AP°(kW) ; Q,, ,(kvar)
Qbﬁcao= Q bx © Q bha

M



Vi du
Xi nghiép dwoc cung cap tir 2 MBA15/0,4 kV ; S;=1000kVA / may.
Tai : p=1400kW , g= 1200kvar , yéu cau nang cos,=0,96 Tinh :
1. Q,, tong
2. Tinh Q,, phia ha thé va cao the MBA
Cho a,=0,1;a,. = 0,125, k° ,=200.10% d/kvar; k°_,,=110.10° d/kvar ;
c=2000d/kwh;t=4000h/nam ;R;=0,002892 ; AP°_, =0,005 kW/kVar

bS:

Q == 798 kvar
Q Liha = 798 kvar
Q byca0= Okvar
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Phan phoi dung lwo'ng bu trong mang hinh tia

Q: -Qou Tong dung lwgng can bu 1a Q,;, phan
phoi dung lwong bu tong déen qéc phu
3 I . . tai trén cac nhanh sao cho ton that
cong suat trén mang la it nhat.
Qi Qb1 Q2 -Qobu2 Qi -Qbui Qn -Qbun
(Q-Qu.) . (@,-0Q) (Q, - Q)
AP = 1 Uzb : r1 + : Uzb : r2 F oot Uzb rn = f(Qbul’QbuZ’ """ 9Qbun)
-1
R, (l+l+ ...... +l)
r1 I.2 rn
Q:-Q,,
(Q Q ) Qbul Ql_( = l' bE)th
>~ Wpux 1
Qbun = Qn - - th _ (QZ _QbuZ)R >
r QbuZ Qz r td
2
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Vi du

Nhanh |R; (Q)| R () R= R; + R,
1 1,5 0,0368 1,5368
2 1,5 0,0515 1,5515
3 1,5 0,0735 1,5735
4 3 0,0588 3,0588
5 3 0,0882 3,0882
Tén | Phu tai phan xwéng S, Rg (RQ)
tram (kVA)
B, 600+j400 1,5
B, 450+j600 1,5
B, 500+j500 1,5
B, 400+j300 3
Bs 300+j300 3

Q2 -Qbi2 Q4 -Qoid

Xac dinh dung lwong can bu tai
cac thanh cai cta tram bién ap
phan xwéng dé nang cosg cua xi
nghiép lén 0,95
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S, = 2250 + j2100 kVA

Q,., =P, (teo, —tgp,)=2250(0,935-0,33) = 1350K var

Q,,, = 400-(2100-1350)-2>
Qy = 600-(2100- 1350)
Qs = 500-(2100-1350)
Qu =300-(2100-1350)

Qs = 300 (2100-1350)

2250

CosQ, =

J2250?% + 2100

=210kVAr

1,5368
0,389

1,5515
0,389

1,5735
0,389

3,0588
0 389

3,0882

=412kVAr

= 3]15kVAr

= 206kVAr

= 207kV Ar

=0,73
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Bai tap 4

1. Mot tram dién cung cap cho cac phu tai:

i) Cac dong co’ cam rng: tdng 100HP; hé sb cong suat 0,8; hiéu suat 88%

ii) Cac dong co dong bd: tong 60HP; hiéu suat 85%

iii) Tai nhiét, 25 kW, hé s6 céng suat :1
Khi tat ca cac tai dat cwc dai, tim hé s6 cong suat ciia ddong co’ dong bd sao cho
hé sb cong suat cta tram bang: a) 1; b) 0,94 tré (1HP = 746 W)

DS: a) 0,638 som b) 0,982 som

2.
i)Thay cac déng co’ dong b trén bang tu dién . Tinh QC sao cho cos@ ¢, = 1.
ii)Tinh C khi (a) tu dau Y ; (b) dau A ; cho U= 380 V .Két luan .
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