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Phuwong phap mo6 phong va thwe nghiém trong
nghién ctru gidi phap han ché qua dién ap do dong tu dién
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Abstract: Capacitive compensation has been widely used in power systems at different voltage levels.
To ensure safe and successful operations of the devices, unfavorable transient issues associated with
capacitor switching must be thoroughly evaluated. This paper presents a simulation method based on
EMTP software to analyze overvoltage due to capacitor switching and propose a mitigation solution. The
author also presents experimental results confirming the effectiveness of the solution.
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1. Pit van dé

Tiéu thu dién nang trong cong nghiép chiém mot
phin déng ké trong tong nang lwong sir dung cia thé
gidi. Viéc trién khai cac thiét bi va quy trinh sir dung
nhiéu nang lugng dan dén lang phi ning lugng déng
ké, c6 thé 1am ting dang ké chi phi van hanh va tac
dong tiéu cuc dén moi truong. Cac thiét bi dién tir khi
lam viéc s€ ti€u thy tur lwdi mot dong dién bao gém
cac thanh phan: phu tai, ton that, dong dién tan (dong
r0) va dong tir hoa. Tuc la cung véi viéc tiéu thy mot
luong cong suit tac dung dé sinh cong, cac thiét b
dién con tiéu thy mot lugng cong sudt phan khang.
Luong cong sudt phan khang ma cac thiét bi dién
tiéu thu phu thudc vao dac tinh cua chung, cac dong
co khong ddng bd, may bién ap vv... 1a nhitng thiét
bi tiéu thy nhiéu cong suat phan khang. Theo s lidu
thong ké, thi lugng cong sut phan khang do dong
co khong ddng bo tiéu thu chiém ty trong 16n nhét
(khoang 65 - 75%), tiép theo la may bién ap khoang
15 - 20% va cac ducmg day 5 - 8% [1]. Tuy nhién
didu nay dan dén hé s6 cong suit giam, ton hao cong
sudt, ton hao dién ning trong qué trinh truyén tai.
Do d6, mot giai phap tiét kiém dién ning trong cong
nghiép 1a nng cao hé s cong suit bang lip dat tu b

Vi cac dong co cong suét 16n, tu duge lép dat tai
vi tri tu diéu khién dong co. Mot van dé phat sinh 1a
khi dong tu bu sé gdy nén qua dién 4p ndi bg, co thé
anh huong dén tudi tho cling nhu sy van hanh cia
thiét bi [1, 2]. Do do can khao sat tinh trang qua do
va nghién ctru giai phap han ché hién tugng qua dién
ap. Cac truong dai hoc ky thuét, noi dao tao ky su,
chuyén vién ky thuat can giang day khong chi co s&
Iy thuyét ma con bao gdm ca cach thic lap luan dé

xdy dung giai phap. Bai viét nay gioi thiéu phuong
phap mo phong va phuong phap thuc nghiém trong
nghién ciru giai phap han ché qua dién ap noi bo do
dong tu dién.
2. Noi dung nghién ciru
2.1. Tinh dung lwgng bu

Ta biét ring cong sudt phy tai gdm hai thanh
phan: Cong suit tac dung P va cong suat phan khang
Q, hé s6 cong suat ban dau u’ng v6i goc . Yéu ciu
bu dung luong Q, bang cach mic tu song song Vi
phu tai dé nang he sO cong suat 1én cosQ, tuong g
v6i goe pha .

Cong suit phan khang sau khi bu:

Q' =Q-Q,(M)

hay Q =Q-Q’ 2

Ma Q = tang va Q, = tan@’

Nén:

Q,= P(tang- tang’) 3)

Xét bai toan sau:

Pong co khong dong bd mot pha cong suit 3000
W str dung dién ap 220 V c6 hé $6 cong suat 12 0,75;
can bu dé hé s cong suét 1én 0,94.

Tu cose= 0,75; cose’= 0,94 tinh dugc tangp =
0,882 va tang’ = 0,363

Tinh dung lugng bu:
Q,= P(tang- tang’)= 3000.(0,882- 0,363)= 1557
(VAr)

Chon tu bu 1500 VAr.

Dé phan tich qua trinh qua d khi dong tu bu,
phuong phap mo phdong duoc Iya chon sir dung.
2.2. Phuwong phap mé phong khao sdt qua trinh
qua do khi dong tu bu

Trong cac ph?ln mém mo phong su dung trong

%
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nganh dién nhu Matlab/Simulink, EMTP, ETAP,
Power World Simulator, PSS (Power System
Simulations)... thi phin mém EMTP c6 wu thé
vé phan tich qué trinh qua d6. Phin mém EMTP
(Electro-Magnetic Transients Program) la mot
chuong trinh may tinh dung cho viéc mé phdong cac
qué trinh qua do dién tir, dién co va hé thong diéu
khién trong hé thdng dién nhiéu pha. EMTP dang
duogc st dung rong rii trén toan thé gisi trong cac
linh vuc tinh toan thiét ké cling nhu vén hanh cho céac
loai thiét bi khac trong hé théng dién.

Thay thé bang so do mach trong phan mém:

Dé mo phong ta thay thé dong co bang phan tir R
mic ndi tiép vai L.

U’ 220°

= = =12,1(Q)
P/cosep 3000/0,75
R =Z.cosp=9,075(QQ)
X =R.tanp =8(Q)
SL=— =8 _o05m)
2zt 314
Tu bu dugc thay thé bang:
C =2 100 _ge0p)

" U2xf  220°314
So 6 mo phong bao gdm: Ngudn xoay chiéu 220
V, dong co dugc thay thé bai mach R Lvatybu mic
song song (hinh 2.1).

C)jj.Cb
T

Hinh 2.1. So' @6 mé phong trén EMTP,
Két qua mo6 phong dong dién, dién ap dong co khi
lam vigc binh thuong (chua bu): U =220V, [ = 18,2
A (hinh 2.2).
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Hinh 2.2. Két qua mé phong dong dién va dién
dp ché do xdc lap.

Khi dong tu bu, lya chon mo phdng tai hai thoi
diém: t= 0,04 gidy (khi dién ap vé 0) va t= 0,045 gidy
(khi dién 4p dat dinh). Két qua thé hién trén hinh 2.3
va 2.4,
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Hinh 2.3. Dién ap trén tai khi dong tu dién tai
thoi diém: bén trdi- dong tu tai: t= 0,04 gidy (khi
dién ap vé 0) va bén phai r=0,045 gidy (khi dién dp
dat dinh).

L ®

(fle Tansentz pi; x-var t) 1

008 9ol 0 002 004 006
(fle Transent2,pi; x-var t) €ixX0001-1

o 002 004 006
(fle Transent2,pld; x-var ) CiXX0003-5

Hinh 2.4. Dong dién trén ddy dan khi déng tu dién
tai thoi diém khdc nhau: bén trdi- dong tu tai: t=
0,04 gidy (khi dién dp vé 0) va bén phai t=0,045

giay (khi dién ap dat dinh).

Két qua mo phong chi ra ring thoi diém dong tu
¢6 anh huéng 16n dén qué trinh qua do. Khi dién ap
dat dinh, hién twong qua dién ap trén ty nguy hiém
nhét, khi dién ap vé 0, anh huong khong dang ké.
2.3. Gidi phdp han ché qud dién dp do déng tu
2.3.1. Phwong phap mé phong

Xét truong hop nang né nhét, tu dong lai tai
t= 0,045 gidy, khi d6 dién 4ap dinh 1én dén 580 V
(ting 1,86 1an so v6i U _=22042 =311(V)), dong dién
dinh dat 271 A (ting 10,5 lan dinh mirc

008 (9 0.1

I, =18.23/2 =25,7(4)). Giai phap chén dién tro trudc
tu voi lya chon R phu thude vao C. Truong hop nay,
so sanh qua d voi R=1 Q va R= 5Q. K&t qua mo
phong thé hién trén hinh 2.5, hinh 2.6 va bang 2.1.

Vo N yay
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(e Transentz.pi; xovar t) vi1 (e Transientz.pi; xevar 1) vi3

Hinh 2.5. Pién ap phu tai khi dong tu dién voi
dién tro chen: a) R=1Q, dién ap cyc dai U=412V
va b) R=5 Q, dién ap cuc dai U,= 346 V
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Hinh 2.6. Dong dién trén ddy dan khi déng tu dién
voi dién tro chen. hinh trai) R= 1 Q, dong dién cuc
dai 1= 170 A va hinh phai) R= 5 Q, dong dién cuc

0.06 008 (s 01

dail,= 74 A.
Bang 2.1. Tong hop ket qua mo phong.
Dién ap dinh | Dong dién
V) dinh (A)
Ché d6 van hanh 311 25,7
Dong tu ty nhién 580 271
Cheén di¢n tro 1 Q 412 170
Chén dién tro 5 Q 346 74

Két qua md phong cho thdy khi chén dién tré thi
dién ap dinh giam 16 rét, véi dién tro 1Q, dién ap
dinh giam tu 1,86 vé 1,3 1an dinh muc; dong dién
dinh giam tir 10,5 1an vé 6,6 lan; voi dién tro 5Q,
dién ap dinh chi con 1,1 lan; dong dién dinh giam
con 3 lan dinh murec.

2.3.2. Phwong phap thyc nghiém

Két qua md phong trong kha 6n tuy nhién can
tién hanh thuc nghiém dé xac nhan lai sy hiéu qua
cua giai phap. Thi nghiém dugc thyc hién tai phong
Thyc hanh cung cip dién Truong PH Su pham K¥
thuat Vinh.

Hinh 2.7. Dong co thuc nghiém.

Vi dién tré chén vao 1a 5 Q, két qua thyc nghiém
trén man hinh occilloscope (méy hién song) thé hién
trén hinh 2.8a, so sanh v&i két qua mé phong (hinh
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2.8b- phong toctahinh 2.5) ta théy c6 su tuong dong.
Nhu véy, két qua md phong c6 thé tin cay duoc, g1a1
phap chén dién tré c6 thé img dung trong thuc té.
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Hinh 2.8. So sanh: a) két qua mé phong va b) két
qud thirc nghiém.
3. Két ludn

Bai viét gi6i thidu phuong phap mé phong va thuc
nghiém dé phén tich tinh trang qua dién 4p do dong
tu dién. Pong thoi tac gia ciing dé xudt giai phap dé
han ché hién tuong nay va kiém tra tinh ding dén qua
két qua md phong trén phan mém EMTP. Giai phap
cling dugc tién hanh kiém nghiém trong méi truong
thuc nghiém, két qua cho thay su hiéu qua cia giai
phap ciing nhu tinh Gmg dung trong thuc tién.
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