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Thiét ké va mé phong Bu cong suat phan khang
trong giang day Hoc phan Cung cap dién
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Abstract: Low power factor results in considerable power loss. Therefore, a simple solution to reduce
losses and save energy is to improve the power factor by using reactive power compensation. This is
an important content in the electricity supply subject for electrical engineering students. This article
presents the design of reactive power compensation to improve the power factor and reduce power loss
in distribution systems. The design process is simulated in EMTP software to check the accuracy of the

proposed method.
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1. Pt van dé

Cung cap dién 1a mot trong nhitng hoc phan quan
trong nhat trong chuong trinh dao tao nganh dién.
Mén hoc nay gitp sinh vién (SV) hiéu dugc nhiing
van dé co ban vé hé théng cung cp dién trong ludi
dién phan phdi. Qua do, SV biét tinh toan, thiét ké va
van hanh hé théng cung cap dién dién ap dudi 35 kV
dam bao do tin cdy cung cap dién vdi tinh kinh té k§
thuét hop ly.

Mot ndi dung quan trong ciia hoc phan 13 b cong
suét phan khang dé tiét kiém dién. Thuc té van hanh
& Viét Nam, ton tht trén lugi phan phdi nhiéu nht,
chiém 74,3% [1, 2]. Do vay can c6 cac giai phap co
hiéu qua dé giam t6n that. Co nhiéu giai phap, ching
han ndng cao chét luong vé sinh, biao dudng may
bién 4p, duong day dé duy tri hiéu suat 1am viéc. Téi
wu hoa van hanh, tai cu trac ludi, déng bo hoa cac
cap dién ap... c6 thé giam ton that nhung doi hoi chi
phi cao. Do @6, can tinh toan dén chi phi thyc hién
giai phap va hiéu qua ma n6 mang lai. Trong s cac
giai phap ky thuat dé tiét kiém dlen nang thi nang cao
h¢ s6 cose bang cach bu cong suat phan khang la giai
phép dé thuc hién va dem lai loi ich kinh té. Bu cong
sudt phéan khang dem lai 4 loi ich [1-5]: giam t6n that
dién ap, giam ton thit cong suat, tir d6 lam giam t6n
that dién ning, nang cao kha ning tai cia may bién
ap va duong day. Trong thuc té, bén cung cap dién
1a Pién lyc dia phuong ciing yéu cau cac hd phu tai
phai bu cong suat phan khang dé dam bao hé sb cong
suat dat 0,9 tro 1én. Do d6, bu cong suét phan khang
1a yéu cau bét budc ddi v6i cac nha may, xi nghiép.

Yéu cau cua SV ky thuat 1a tiép thu kién thtrc cin
di kém voi kha nang Gng dung. SV khong chi hiéu

13 ¥ nghia ctia viéc b cong suat phan khang ma con
phai co kién thirc va k¥ nang thiét ké tu bu phu hop.
Khi duoc hoc phﬁn thiét ké tu bu, hin SV s& thic mic
1a néu ap dung cong thirc Iy thuyét c6 ding véi thuc
té khong, lay gi dé kiém chimg 1a qué trinh thiét ké
cho két qua dung. R4t nhiéu GV s& ling tang véi cau
hoi d6. Thyc té khong phai truong nao ciing c6 du
phong thyc hanh hay phong thi nghiém dé thyuc hién
kiém ching két qua 1y thuyét. Vi vy trong bai viét
nay tac gia trinh bay qué trinh tinh toan, thiét ké tu
bu dé nang cao hé s cong suit, glam t6n that dién
ning va cach thirc mo phong, kiém ching két qua
trén phﬁn mém EMTP.
2. N§i dung nghién ciu
2.1. Tinh dung lwgng bu

Kién thirc vé tinh toan dung lugng bu rat rd rang
va don gian. GV trinh bay chi tiét ndi dung va co
sO toan hoc. Cong suét phu tai gém hai thanh phan:
Cong sut tac dung P va cong suit phan khang Q,
hé s cong suat ban dau ung voi goc @,. Yéu cau bu
dung luong Q, bang cach mic ty song song v&i phu
tai dé nang hé so cong sudt lén cos(, tuong ng véi
goc pha @, (hinh 2.1).

Cong suat phan khang sau khi bu:

Q,=Q-Q, (1)

hay Q =Q-Q, 2

Ma Q = tang, va Q, = tang,
Nén:
Q,= P(tang, - tang,) 3)

Nhu vay, dung lwgng bu duge tinh chinh xac theo
cong thirc (3), tuy nhién trong thuc té khong phai luc
ndo ciing co san cac tu bu ¢6 dung luong nhu vdy nén
can huéng dan SV cach lya chon tu thich hop. Hai vi
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du duogc trinh bay nham minh hoa cach bu cong suét
phan khang cho mdt thiét bi cu thé (dong co dién mot
pha) va phu tai ba pha.

+

@2
il Q,=Q-Q,,

S;

8

Hinh 2.1. Tam gidc cong sudt tinh dung lwong bil.

2.2. Nang cao hé so cong suit cho dpng co

Vi du 1: Dong co mot pha cong suat 2500 W sir
dung dién ap 220 V c6 hé sb cong suét 1a 0,75; can
bu dé hé s6 cong suat 1én 0,92. Tinh dung luong bu
va mo phong trén phan mém EMTP.

T cose,= 0,75; cose,= 0,92 tinh dugc tang, =
0,882 va tang, = 0,426

Tinh dung lugng bu theo (3):

Q,= P(tang,- tang,)=2500.(0,882- 0,426)= 1140
(Var)

Pé mo phong ta thay thé dong co bang phan tr R
mic nbi tiép vai L.

P 2500

= = =15,15(Q)
U.cosep 220.0,75

R=Z.cosp=11,36(L2)

X =+Z*-R*=10(Q)

:L:l:£:0,0318(H)
2zf 314

Tu bu dugc thay thé bang:

co Q1140 75 (uF)

T UT2nf 220314
So d6 mo phong bao gdm: Ngudn xoay chiéu 220
V, dong co dugc thay thé boi mach R_L va ty bu mac
song song (hinh 2.2).
Reactive Power Compensation simulation

= 1

Source

Motor=R_L

Hinh 2.2. So d6 mé phéng bir cong sudt phan khdng
bang phan mém EMTP.
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Bién thién dong dién thé hién qua két qua mo
phong thé hién trén hinh 2.3. V¢i I 1a dong dién qua
dong co, L. 1;‘1 dong diénquatuval la d(‘)ng dién trén
day dan. Két qua moé phong xac nhan rang: Dong
dién vao dong co 1a 14,53 A; khi sur dung tu bu, dong
dién trén day dan giam xudng con 11,78 (A), kéo
theo ton thit giam.

3(:) 1

1A
Ve
AN
1Y

-30

2
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Hinh 2.3. Bién thién dong dién qua dong co' I, qua tu
R va trén dcriy dan 1,
2.3. Thiet ke bu cong suat phan khang cho luoi
dién phén phéi
Dbi voi ludi dién phan phdi, so dd phirc tap hon
v6i duong day va nhiéu phu tai. Tuy nhién, cach lam
cling trong ty nhu trurong hop phu tai mot pha.

") Ngudén
T

%E V V
Phy tai 1 Phutai2 Phu tai3

Hinh 2.4. Lu6i phdn phéi véi ba phu tdi.

Vidu?2:

Xét lu6i dién phan phdi (hinh 2.4) véi dir liéu
nhu sau:

Nguon: 22,5 kV, tan s6: f= 50 Hz.

Day AC70 ¢6 Z0 = 0,46 +j0,4 Q/km.

Phu tai 1:

Duong day dai 10 km, S = 1200 + ;1200 kVA

Phu tai 2:

Duong day dai 6 km, S,= 1200 + ;800 kVA

Phu tai 3:

Dudng ddy dai 8 km, S,= 1000 +j700 kVA

a. Tinh dién ap tai phu tai 1 va ton that cong suat
trén duong day 1.

b. Thiét ké bu cong suat phan khang tai phu tai 1
dé nang hé sé cong suit 1én 0,95. Tinh dién ap cudi
phu tai 1 va ton that cong suét trén dudng day 1.
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Giai:
a. Tong tro duong day 1:
Z=27,L =(0,46+j0,4).10=4,6 +j4 (Q)
Ton that d1en ap trén duong day 1:
AU = PR+QX _ 1200.4,6+1200.4
22,5

= 460(V)

Dién ap tai phu tai 1:

U=U -AU=22,5-0,46=22,04 (kV)

Ton that cong sudt:

P> +Q?
U2

AP = R =26170(W) =26,17(kW)

Trén nhanh thir nhét, ton hao cong suat chiém
2,18%.

b. cose, = 0,95 nén tane, = 0,329

Dung Iugng bu tinh theo (4):

Q, =1200.(1 - 0,329) = 805 (kVAr)

Thuc té khong c6 hing nao san xuét tu véi dung
luong 1€, vi v@y chon Q, = 800 kVAr tir 4 tu dung
luong 200 kVAr.

Tinh tuong tu nhu trén, khi co tu bu,

AU~ PRE(Q-Q,)X _ 12004,6-+400.4 _ 330(V)
¥} 22,5

U =U,-AU=225-0,33=22,17 (kV)

AP = m = 14540(W) = 14, 54(kW)

UZ
Pién ap 12 22,17 kV va ton thit cong suat 1a 14,54
kW. Nhu vay, khi str dung tu bu, dién ap cudi duong
day s& ting 1én 0,13 kV (0,6%), dong thoi giam
duoc ton that cong suét (tiét kiém duoc 11,63 kW, tir
2,18% Xuéng con 1,21%, giam dugc 0,97%)
Mb phong so d6 ludi dién bang phan mém EMTP
(hinh 2.5) véi tu bu dugc tinh nhu sau:

v _Q _ 800000 _
Q= =V ==, = 200000314~ 20D

lLoad 3

N, é|"§ 3,
= Y L
Load 2

() v |, é"’g 2.,
= Y *

T Capacitor

Hinh 2.5. So d6 mé phong bir cong sudt phan khdng
trén lwoi phdn phoi bang phan mém EMTP.
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Hinh 2.6. Dong dién ddy, phu tdi va dong dién

qua tu trong ché dg xdc Idp.

Két qua md phong thé hién trén hinh 2.6. Néu
khong c6 tu bu thi dong dién day chinh la dong dién
qua phuy tai (44,8 A). Khi c6 bu, dong dién day giam,
chi con 33,4 A; diéu d6 duoc giai thich bing so dd
vec to trén hinh 2.7. Dong dién duong day gidm nén
ton that cong sudt trén duong day giam.

Ic
1\ U
§ Ia -

It

Hinh 2.7. Do thi vec to biéu dién dong dién day, phu
tai va dong dién qua tu trong ché dé xdc lap.
Nhu vay, kiém nghiem tir két qua mo phong cho

thay, qué trinh thiét ké ty bu dap ung duoc bu cong

sudt phan khang, nang cao hé sé cong suét, giam ton
that dién ning.

3. Két luan
Bai viét da thao luan vé bu cong suét phan khang

dé nang cao hé sb cong sudt, giam ton that dién ning

trong hoc phan cung cap dién cho SV nganh dién.

Tac gia trinh bay truong hop nghién ctu tinh toan

va thiét ké dung lwong bu cho thiét bi dién dan dung

cling nhu tng dung trong ludi dién phan phdi phirc
tap. Dé kiém tra do tin ciy cua két qua tinh toan tac
gia trinh bay viéc mo phong trén phén mém EMTP.

Két qua mo phong cho thiy thiét ké dap tng duoc

cac diéu kién vé hé sb cong suét ciing nhu giam ton

that dién ning.
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