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TINH TOAN QUA DIEN AP PHUC HOI KHI DONG CAT TU BU
TREN LUGI DIEN PHAN PHOI VA DE XUAT GIAI PHAP GIAM THIEU
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TOMTAT

Cac bd tu b dugc Iap dat d& cdi thién hé s6 cong sudt trong lugi dién phan phéi. Tuy nhién, nhugc diém cla cac bo tu b thung xuyén dong cat, khi dong ct
gdy ra hién tugng qué dién ap (QPA) anh hudng dén chat lugng dién nang va thiét bi dong cat nhu may cat (MC). Do vdy, can tinh todn qua dién ap khi dong cat cac
bd tu, trong d6 qua dién dp phuc héi (Transient Recovery Voltage - TRV) ciing nhu t6c d6 tang dién ap phuc hoi (Rate of Rise of Recovery Voltage - RRRV) ¢4 y nghia
quyét dinh trong viéc lva chon MC an toan va kinh t€. Bai bao nay trinh bay két qua nghién ctiu tinh todn qua dién ap khi déng cit mgt bo tu don va dong cat bo tu
song song tai tram bién ap 110kV. Gid tri TRV va RRRV clia mdy cdt trong cic trudng hop dong cdt bd tu don va bd tu song song dugic xac dinh va phan tich. Ngoai ra,
qué dién ap dat Ién tu va dong dién khdi dong qua tu cling dugc xac dinh va danh gia. Két qua nghién ciu cho thay khi dong tu song song dong dién trén tu c6 tri s0
rat cao gy nguy hiém cho tu bui. Gidi phap st dung chdng sét van két hop khang dién I3p phia bd tu mang lai hiéu qua cao dé gidm TRV va RRRV.

Tirkhéa: Qud dién dp phuc hdi, tu b, chdng sét van, EMTP/ATP.

ABSTRACT

Capacitors are installed to improve the power factor in the distribution grid. However, the disadvantage of shunt capacitors are that when the capacitor are
switching overvoltage will appear, affects power quality and affects switching equipment (breakers). Therefore, it is necessary to calculate overvoltage when
switching capacitor, in which Transient Recovery Voltage - TRV and Rate of Rise of Recovery Voltage - RRRV are decisive in choosing circuit breakers safely and
economically. This article presents the results of research on calculating overvoltage when switching a single capacitor bank and switching parallel capacitors
bank at a 110kV transformer station. The TRV and RRRV values of Breaker in single and parallel capacitors switching cases are determined and analyzed. In
addition, the overvoltage applied to the capacitor and the inrush current through the capacitor are also determined and evaluated. Research results show that
when the switching capacitor in parallel, the current on the capacitor has a very high value, causing danger to the capacitor. The solution of using surge arrester
combined with shunt reactor installed on the capacitor side is highly effective in reducing TRV and RRRV.

Keywords: Transient recovery voltage, shunt capacitor, surge arrester, EMTP/ATP.
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1. GIGI THIEU khang ma con lam gidm t6n that cong suat va dién nang
Viéc bl cong sudt phan khang trong hé théng diéen  €ing nhu dé 6n dinh dién ap tai cac nit dat thiét bi bu va

khéng chi @m bao cho viéc can béng céng suat phan  ¢Ung cdp mot phén cong suat phan khang cho phu tai.
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DPé thuc hién nhiém vu trén thi tai tram bién 4p 22kV, 35kV
va 110kV thudng Ip cac bo tu bu ngang dé bu cong suéat
phan khang cho luéi dién. Chinh vi thé, trong nhiing nam
gan day cac cong ty dién luc da va dang lap dat cac bo tu
bu vao van hanh (bang 1) [1]. Cac bd tu bu & Iugi dién
phan phdi chu yéu dugc thiét ké va lap dat dudi dang bu
cuing, thudng la néi sao trung tinh cach dién hodac trung
tinh n6i dat (hinh 1).

Bang 1. Téng dung lugng tu bu trén ludgi (MVAr) [1]

Tong dung | Tong dung lugng | Tongdung | Téng dung lugng

lugngtubli | tubutrungap | lugngtubu |tubu trén luditai
110KV (6-35kV) haap san NPC
(MVAr) (MVAr) (MVAr) (MVAr)
170 1.944,83 3.354,48 5.469,31

Lugi dién phan phéi phu tai thudng thay déi cac gis
trong ngay nén cac bo tu bu cling thudng déng cét trong
ngay. Tuy nhién, khi déng cat cac bd tu bl sé gay ra qua
trinh qua dé lam cho dién ap tai thanh céi ddu néi tu, dién
ap dat 1én tu va dong dién khai dong (linwsh) €6 thé tang téi
vai kA, tan s6 dong dién téi kHz [2, 3], diéu nay sé gay nguy
hiém cho MC va cho tu bu. Trong céc bé tu bu ngang, viéc
déng xung dién vao cac b ty, cac tu dién dugc nap sé gay
ra dao dong cho luéi vé qua dong va qua dién ap dot ngot
lam choc thiing cach dién clia thiét bi dién trong hé thong
valam hong cac thiét bi, thong ké cho thdy cac bé tu nhanh
bi hu héng, thudng bi phéng do qua ap va qua dong. Dac
biét véi cac tram van hanh hai gian b tu song song thi dao
dong dién ap sinh ra khi dong cac gian tu (back to back
switching) cé bién do I16n hon.

Hinh 1. Gian tu bu tai TBA 110kV Bac A [4]

Viéc déng cat cac tu bu cling nhu déng cat cac dudng
day khong tai, sé xuat hién qua trinh qua dé trong mach
dién, dién ap xuat hién hai phia ti€p diém ctia MC goi la
TRV. Do yéu cau cap thiét vé dam bao chat lugng dién
nang, B6 Cong thuong ra Théng tu s6 39/2015/TT-BCT,
trong d6 yéu cau théng s6 vé muc dao dong dién ap tai
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diém dau ndi chung la + 5% [5], nén khi déng cét tu bu
can co6 giai phap han ché QDA. Cac MC khi dong cét phai
dam bao quy dinh clia IEC62271-100 [6] vé TRV va RRRV.
Hién nay, nghién ctru qua dién ap phuc héi TRV va dé gia
tang RRRV khi déng cét va cac giai phap giam thiéu cho
MC trén cac dudng day truyén tai 220kV cling nhu déng
cit khang dién da dugc nghién ctu trong nhiéu cong
trinh [3, 7, 8]. Tuy nhién, d6i véi dong cat cac b tu trén
lugi dién 110kV hau nhu rat it cac nghién ctu céng bé.

Bai bao nay trinh bay két qua nghién ctu tinh toan
QDA khi d6ng cat mét bé tu don va déng cét bé tu song
song tai tram bién ap 110kV. Gia tri TRV va RRRV ctia MC
trong cac trudng hgp dong cat bé tu don va bo tu song
song dugc xac dinh va phan tich. Ngoai ra, QDA dat Ién tu
va dong dién khai dong qua tu cling dugc xac dinh va
danh gia. Két qua nghién ctiu cho thay khi dong tu song
song dong dién trén tu co tri s6 rat cao gay nguy hiém
cho tu bu. Giai phap st dung chéng sét van (CSV) két hop
khang dién 13p phia bo tu mang lai hiéu qua cao dé gidm
TRV va RRRV.
2. QUA TRINH QUA PO KHI DPONG CAT TU BU NGANG
2.1.Dong tu dién doc lap

Gia thiét moét bo tu bu dugc déng vao ludi dién c6 so
dé nguyén ly trén hinh 2a, dién cdm nguén L, dién cam
cuc bé clia cap néi bé tu Ly (théng thudng Ls >> L), dién
dung ctia tu dién C, bé qua thanh phan dién tré cda
nguodn, so do thay thé trén hinh 2b.

Ls

me || T e
I
o L@ H E L
iﬁ% ¢ nQ ‘L ********* J‘ T c
a) b)

Hinh 2. S¢ d6 ddng tu bu doc ap: a) so d6 nguyén Iy, b)se do thay thé
Bién do dong dién khaéi dong cuc dai [9]:

V2, [
max \/g' n* LS +L,I

Tan s6 dong dién khéi déng [9]:

‘_ 1
* oG L, +Ly)

Khi déng tu bu vao lugi dién, dong khdi dong chay tu
nguén dé nap tu dién, trudng hgp nay bé tu chua dugc
sac. Khi do dién ap trén tu la rat 16n, dan dén trén mach tu
bu xuat hién dong dién rat I6n chay qua goi la dong dién

I (M

)
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khai dong (linrush). DONg dién khéi dong phu thudc vao
dién ap U, dién cadm Ls ctia nguén, dién dung C ctia tu bu
va gbc dong. Gia tri dinh clia dong khéi dong c6 thé I6n
hon nhiéu lan dong dién xac lap c6 thé gay hu hai tu bu
va cho MC.
2.2.Dong tu dién song song

Trudng hop co6 nhiéu bo tu song song, xét trudng hop
lién két mach kiéu back to back, tuc 1a dong dién cho mét
tu trong khi mét (hodc nhiéu) tu khac da dugc déng dién
tU trudc do6 (da dugc sac), trudng hgp nay dugc mo ta
trong hinh 3. Dong dién chay qua tu 2 thudc phan nhanh
c6 may cat MG, 1a téng hop clia hai dong dién: mét chay
tUr nguodn tGi va mot tir nhanh cé may cat MC; do tu dién
1 trén nhanh d6 bat dau xa. Do dién cdm nguodn Ls16n hon
nhiéu so véi cac dién cdm ky sinh Ly va L, phia bo tu nén
dong dién tir nguodn bi giGi han bai Ls s&é nhd hon nhiéu
so v@i dong dién tu phia b6 tu 1, nén dong dién tir nhanh
clabd tu 1 sé chiém da s6 trong dong dién khai dong qua
tu 2.

Bién d6 dong dién khai dong 2 [9]:

G.C
o=y (25 1 3)
3 G+G, L+L,

Tan s6 dong dién khai dong [9]:
1

fo = . (4)
2n (L+L)
C+C
Ls
TAVAYAN
MC, MC,
o i “'%
| |
Lo W
Kol K& ¢ P,Q B - =cC
L@J‘L@,JZ T' T°
)

a b)

Hinh 3. S¢ d6 ddng tu bl song song: a) so d nguyén Iy, b) s¢ do thay thé
2.3. Qua dién ap phuc héi khi cat bé tu bu

bién ap phuc héi (RV: Recovery voltage) trong cac MC
dién ap xuat hién gilta hai dau cuc cda thiét bi déng cat
khi cat su cé. Bién ap nay dugc xét trong hai khoang thai
gian lién tiép dé la khoang thai gian thoang qua ban dau
tén tai dién ap qua d6 phuc héi (TRV) tiép d6 khoang thoi
gian ton tai dién ap xac lap & tan s6 cong nguodn [9]. Su
phan Ung cua luéi dién dén dong catla nguyén nhan sinh
ra TRV. Hai tham s6 quan trong ctia TRV d6 la bién d6 I6n
nhat ma thanh phan QDA nay dat dugc va toc do gia tang
RRRV, hai tham s6 nay cé y nghia quyét dinh trong viéc

Vol. 60 - No. 8 (Aug 2024)

Iua chon MC mét cach an toan va kinh té. B6i vai MC tu
bu gia thanh thudng rat I6n nén viéc xac dinh TRV co y
nghia quan trong viéc lua chon MC dam bdo an toan va
kinh té. C6 nhiéu nguyén nhan dan dén muc TRV cao xuat
hién trén MC nhu: déng cat tu bu, cat ngan mach, cat
dudng day khong tai, cat dot ngédt dong tai, trong pham
vi nghién ctiu nay sé xac dinh khi dong cat tu bu 110kV.
So d6 mo ta mach khi cat bo tu bu trinh bay trén hinh 4,
dién ap phuc héi trén may cat xac dinh [9]:

TRV= Uz.cos(wt) U (5)
1-w?L.(C+C,)
Ls yMC
TRV
@ Cs —— |un u | —— C

Hinh 4. M@ hinh xac dinh TRV khi dong cét tu dién
3. BAITOAN NGHIEN CUU VA CAC DU LIEU

So d6 mang dién gém cé 2 bo tu dugc néi vao thanh
cai 110kV qua cac may cat MC; va MC,, cdng suat mdi bo
tu la 50MVAr. Cac bo tu bu dugc néi sao va néi dat. Cac
dir liéu cla cac phan tir trinh bay trong bang 2.

Bang 2. Thong s6 cac phan tlt clia hé thong

T Mé ta
1 | Dién ap nguon

Théng sd

V2x110/~/3=89,8kV

Cong sudt 250MVA; dién ap 223/115kV; dién trd,
dién cdm cudn day cao dp, ha ap: R = 0,0021puy;
I-HV = 0,038pu; RLv = 0,0021 pu; |-LV = 0,038pu.

2 | Maybiénap

3 Duong déy |Dudng day 220kV (D:) dai 100km, day ACSR 330/42,
trén khdng | Dudng day 110kV (D,) dai 50km, day AC-240.
5 Tubu (C6ng suat: 50MVAr, dién dung dinh mic: 9,43F

6 | Mdycat(MC) |SF6
So d6 nguyén ly mang dién trinh bay trén hinh 5.

MBA

220kV

110kV

Hinh 5. So d6 mang dién st dung 2 b tu bu
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So d6 mo phong trong EMTP/ATP trinh bay trén hinh 6.

D2 TaiP,Q

HT BCTRAN

b MC1” )
-EHI—T
MC2

P

Hinh 6. Md hinh md phdng trong EMTP/ATP

4, KET QUA MO PHONG TiNH TOAN QUA PIEN AP KHI
DONG CATTU
4.1. Trudng hop cat tu bu

Tu dién dang van hanh binh thudng, cat tu ra khoi lui
TRV trén tu trinh bay trén hinh 7. K&t qua tinh toan
TRVmax = 191,1kV, RRRV=0,02kV/us. Nhu vay, trudng hgp
cat tu bu ra khoi lugi gia tri TRVimax clia MC tu téi 2,1pu I6n
hon ngudng chiu dung cdia MC theo IEC62271-100, do vay
can c6 giai phap dé giam TRV dé dam béo an toan cho MC.

200
(kv)
100

0 4

I.—I \n’"‘l '\-'.\"| Al f I'\_‘Il'.‘\l A f

i VIV i \/M.*“‘,a Wl “...""\'/\"A".[
| | ! [ 1 i \ | lll. ll', | II_,

~200 Illdlu \'} \\.'}! llll\.!r" llll'\j\"llll \\,l'(v'f: \\,'{I"J \'-\,":I:I-"‘I !'\ J'llu/ U\ ¥ / .l"l

-300 0 0.05 0.1 0.15 0.2 0.25 (s) 0.3

(file catltu.pl4; x-vart) v:TCA -X0004A v:TCB -X0004B w:TCC -X0004C

-1500

0 0.05 0.1 0.15 02 025 (5) 03
(file catitu.pl4; x-var t) c:X0004A-X0001A c:X0004B-X0001B  c:X0004C-X001
Hinh 7. TRV va dong qua MC1 khi cét tu
4.2, Truong hop dong tu bu
*Trudng hop déng mét b tu vao ludi
M6 phong dugc tién hanh khi mang dién dang lam
viéc binh thudng sau thai gian 0,08s (tuong Uing véi goc
dong 0°) dong bo tu 1 vao lugi dién, két qua moé phong
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xac dinh dién ap trén thanh cai va trén tu bu 1 dugc trinh
bay trén hinh 8. Két qua cho thdy trudc thai diém ddng tu
(t = 0,08s) dién ap trén thanh cai dao déng & ché dé xac
lap. Sau khi dong tu 1 vao luéi trén thanh cai xuat hién
dién ap qua do cé tri s6 147,9kV (gap 1,64pu-pu don vi
tuong d6i ctia dién ap), dién ap nay I6n hon dién ap cho
phép trén thanh céi, mac du thai gian xuat hién trong
khoang 0,01s, sau d6 dién ap dat xac lap vai tri s6 102,4kV
(1,1pu). K& qua mo phong xac dinh TRV ctia MC; va trén
tu bu 1 trinh bay trén hinh 9. Két qua cho thay khi dong
tu bu 1 vao lugi, TRV trén MC; déu thap hon gia tri
ngudng quy dinh so vai tiéu chudn cla may cat ma IEC
quy dinh, nhung dong dién khéi ddng qua tu I6n nhat co
gia tri 1367A, I6n hon dong dinh muc clia tu 3,1 1an nén
c6 thé gay hu hong tu bu 1 khi déng dién vao ludi.

160

(kv)4

80!

-160

0 0.05 01 0.15 02 025 (s) 03
(file 1tu22kv.pld4; x-var t) v:X0004A v:X0004B  v:X0004C
160 |
(k) q\ " %
bl i Anf AR AfAfRARARANNT
- ‘ / .ll |’IP fr I‘ \ |'\|'5('| 'I{\ 'r\(l's l'r\.: (\i“ |
J | i
0; i m’\l' H\/lgi‘
| I i # l g
-804 / \(h \ n], \ )I \ .| W\ JIII '-JI'JI
1 |
-160 . ; : . - 1
0 0.05 0.1 0.15 0.2 025 (s) 0.3
(file 1tu22kv.pl4; x-var t) v:X0005A v:X00058 v:X0005C
Hinh 8. Dién dp trén thanh cdi va trén tu khi déng tu
100
il
(kv
50
0
_50_
-100 : v . v :
0 0.05 0.1 0.15 0.2 025 (s) 0.3

(file 1tu22kv.pl4; x-var t) v:X0004A-X0005A v:X0004B-X00058  v:X0004C-X
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1500
(A)
1000 -
500
U_
-500 1

-1000 +

-1500

0 0.65 Ol.l O.I15 EII.Z D.IZS (s) 0.3
(file 1tu22kv.pl4; x-vart) c:X0005A-X0001A c:X000SB-X0001B  c:X00OSC-X(
Hinh 9. TRV ctia MC1 va dong dién qua tu bu 1
*Trudng hop ddng tu song song (back to back)

160
(kv)-
80/

-80 /1

-160

0 0.05 04 0.15 02 025 (s) 03
(file 1tu110kv.pl4; x-vart) v:TCA wv:T(B w:TCC

2500
(A)
1250 1

-1250 4

-2500

0 0.05 0.1 0.15 02 0.25 (5) 03
(file dong2tu.pl4; x-var t) c:X0001A-TU2A c:X0001B-TU2B c:X0001C-TU2C

Hinh 10.Dién ap trén TCva dong dién qua tu bu 2 khi dong tu back to back

Dé danh gia muic d6 qua do khi dong dién tu bu ngang
song song, tién hanh mo6 phéng déng bo tu tha 2 sau
khodng thai gian 0,12s, trong khi b6 tu 1 da déng vao luéi
dién & thai diém 0,08s. K&t qua tinh toan nhan thdy rang
muc d6 qua ap khi dong tu bu ngang la nho va déu thap
hon nguéng quy dinh so vai tiéu chudn cia MC ma IEC
quy dinh. Tuy nhién muc do qua dong khi déng bo tu 2
trong khi b6 tu 1 dang dong vao ludi la rat I6n (hinh 10)
gan 2500A, nhu vay sé rat nguy hiém cho cho bé tu. Do
dién cdm nguén L 16n hon rat nhiéu so véi cac dién dung
ky sinh L; va L, nén thanh phan dong dién ti phia nguén
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nho hon rat nhiéu so véi thanh phan dong dién ti phia
b6 tu 1. TRV clla MC; va dong dién trén tu 2 khi déng tu
song song back to back déu co tri s6 dudi ngudng cho
phép clia MC, nén khéng gay nguy hiém cho MC. Trong
truong hgp déng tu song song back to back (hinh 11),
nhung dong dién trén tu 2 co tri s6 rat 1én sé hay hu héng
khi déng cat nhiéu lan.

200

(kv)

100

-100 1

-200

0 0.05 0.1 0.15 02 025 (s) 03
(file dong2tu.pld; x-var t) v:TCA -X0001A v:TCB -X0001B v:TCC -X000:
150

(kv)
100 A

50 ~

0

-50

-100

0 0.05 01 0.15 02 025 (s) 03

(file dong2tu.pl4; x-var t) v:X0001A v:X0001B v:X0001C
Hinh 11. TRV ctia M2 va dién ap trén tu 2 khi dong MC2

5. GIAI PHAP HAN CHE QUA DIEN AP KHI DONG CAT
TUBU

Céac nghién cliu dé xuat giai phap dé€ han ché qua dién
ap khi déng cét tu bu ngang dé bao vé cho MC va cho bo
tu bu hién nay dang strdung dé la si dung dién tr& dong
trudc, 1ap dat cudn khang trudc tu bu, lap dat chong sét
van song song véi bo tu bu [7, 10], 1ap dat chéng sét van
song song Vdi tiép diém ctia MC va diéu khién thai gian
dong cat ctia MC. Méi giai phap déu c6 nhiing uu nhugc
diém. Trong pham vi nghién ctu nay, nhom tac gia dé
xudat gidi phap st dung CSV két hgp véi cudn khang va s
dung MC c6 diéu khién thai diém déng cat.
5.1. S&rdung chéng sét van va khang

St dung chong sét van (CSV) c6 dién ap dinh mic
96kV, dién ap lam viéc lién tuc 77kV, dong dién phéng
dinh muc 10kA, cap bao vé 3, co6 dac tinh V-A nhu trén
hinh 12. Chéng sét van dugc lap dat sau MC, cuén khang
dugc lap dat trudc tu bu.
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1S)
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;4_———“'/
100.0
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Dong qua chdng sét van (A)
Hinh 12. Ddc tinh V-A clia (SV
Théng s6 cta khang dugc cho & bang 3.

Bang 3. Thdng so ctia khdng can diu

Théng sd Gia tri
Diéndp 123kv
Do tu cam 47,54mH
Dién tré khang 14,930hm
Dong dién 400A
*Truong hop déng tu don

Két qua moé phdng cho thay, khi ldp CSV két hgp véi
cudn khang, dién ap qua do trén thanh céi giam dang ké
tir 168kV xudng chi con 147kV so véi trusng hgp chua co
CSV va cudn khang (hinh 13). Dong dién qua tu bu cling
gidm dang ké tir 1500A xuéng 900A (hinh 14),

200

(kV)
150 4

100 }ILA

MAMN

/\ If IH\
\J i

VY

0 1

-50 | \
-100
-150
0 0.05 01 0.15 02 025 () 0.3

(file dongtucoCSV.pl4; x-var t) v:X0007A

150

(kv)
100 4

50

04

-50 4

-100

-150

0 0.05 0.1 0:15
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Hinh 13. So sénh dién dp trén TC
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Hinh 14. So sanh dong dién qua tu khi

TU hinh 13 va 14 c6 thé thdy dién 4p qua do va dong
dién qua do trong trudng hgp cé dat CSV va cudn khang
nhé hon trudng hop dong tu khéng c6 CSV va khéng cé
cudn khang.

*Trudng hop ddng tu song song
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(file dong2tuCSV.pl4; x-var t) v:X0003A
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(file dong2tuCSV.pl4; x-var t) v:X0007A
Hinh 15. So sanh dién dp trén trén tu 2
Két qua mo6 phdéng cho thdy, cling tuong tu nhu
truong hop déng tu don, trudng hgp déng tu song song
khi ldp CSV két hgp vdi cudn khang, dién ap qua do trén
tu bu cling khéng giam so véi trudng hop chua cé CSV va
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cuén khang (hinh 15). Nhung dong dién qua tu bu giam
dang ké tir 2350A xudng 950A (hinh 16).
2500
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Hinh 16. So sénh dong dién qua tu 2 khi dong song song

804
P et

BT

e

R

e e

5.2. Diéu khién déng cat tu

*Péng tu doc lap cé diéu khién

TU muc 2 c6 thé thdy & goc pha 0° khi do6 dién ap
nguén bang khéng nén qua dién ap la thap nhat. Khi goc
pha la 90° khi d6 dién ap nguon la 1én nhat nén qua dién
ap la cao nhat. Vay nén khi dong cat tu cé diéu khién timg
pha sé chon thai gian ma khi dé dién ap tung pha & 90°
bang dién ap nguén ma cac pha léch nhau 120° vay nén
thai gian déng cla tung pha sé [éch nhau bang 4.

Bang 4. Thai gian dong tu clia tling pha

Cacpha Thai gian dong tu
Pha A 0,085
PhaB 0,082
Pha C 0,088

Céc pha sé dong léch nhau khodng 3ms tuong ducng
xap xi vGi 1/6 chu ky so véi pha A. Vi day la thoi gian gan
nhat ma dién ap pha B, pha C vé khéng néu chd sau khi
déng pha A mét chu ky méi dong pha B hoac pha C thi sé
gdy qua dién ap Ién pha A vira déng. K&t qua mé phong
xac dinh dién dp qua doé va dong dién khi c6 va khéng cé
diéu khién thai gian dong cat tu trinh bay trén hinh 17.

g

l""“—- 19252

Hinh 17. So sanh dong dién va dién ap qua do khi khong ¢ va ¢6 diéu khién dong cat khi déng tu doc lap
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Hinh 18. So sénh dong dién va dién ap qua dd khi khdng ¢d va ¢d diéu khién dong cat khi déng tu song song

Tu hinh 17 cho thdy, & pha B va pha C khi dugc diéu
khién thai gian déng riéng dé c6 thé dong tai goc 90° thi
gid tri dién 4p qua do va dong dién khai dong nhd hon
nhiéu so véi trudng hgp dong dong thai ca ba pha theo
pha A. Vi pha B va pha C léch nhau 120° so vé&i pha A nén
khi trong truong hop déng déng thai ca ba pha tai thoi
diém gbc pha A & 90°, qua dién ap va dong dién khai
dong cé gia tri I6n van xuat hién trén hai pha con lai. Vay
viéc diéu khién dong doc 1ap cac pha gitp han ché qua
dién ap déng thoi dua hé théng vé trang thai xac lap
nhanh hon.

*Pong tu song song c6 diéu khién

Tu hinh 18 nhan thay, dién ap qua dé dugc giam dang
ké, gan vai trang thai xac lap. Dong dién khai dong khi
dong tu thi hai gidm rat I16n so véi dong tu thong thudng
va dong thsi lam lam gidm xung dao dong. Thay dugc
viéc st dung déng cé diéu khién thaoi gian la c6 hiéu qua
giodng vai trudng hop dong tu doc lap.

6. KET LUAN

Bai bao da néu ra hién tugng qua do6 khi déng cat tu
bu trén lugi dién phan phdi, cu thé la hién tuong qua do
khi déng cat cac b6 tu trén thanh cai 110kV clia tram bién
ap 220/110kV. Tri s6 dién ap phuc hoi TRV va d6 gia tang
dién ap phuc héi RRRV Ia hai tham s6 quan trong dé chon

18 | Tap chi Khoa hoc va Cdng nghé Trudng Dai hoc Cong nghiép Ha Noi

MC. Bai bao da trinh bay két qua moé phdong xac dinh dién
ap qua doé trén thanh cdi, trén tu va dong dién qua tu khi
déng cat tu doc lap va khi déng cat tu song song back to
back. K&t quia tinh toan TRV va RRRV trong trudng hop
déng cét tu doc lap va tu song song cling dugc xac dinh
va déi chiéu véi tiéu chudn ctia MC theo IEC62271-100.

K&t qua nghién ctru cho thdy khi cat tu doc lap TRV ¢co
tri s6 tang cao téi 2,1pu trong khi déng tu TRV tang tdi
1,64pu, mac du van dam bao quy chuan cla IEC62271-
100. Nhung RRRV trong trudng hgp déng tu song song
back to back c6 d6 tang cao trén 2kV/us can cé gidi phap
han ché. Dong dién khai dong tu bu 2 khi d6ng song song
cling c6 tri s6 rat cao t6i 2500A nén rat nguy hiém cho tu.

K&t qua mo6 phong cho thay, sirdung giai phap lap CSV
két hgp véi cudn khang va giai phap dong cét co diéu
khién chon thoi diém dong cét mang lai hiéu qua dé gidm
TRV clia may cét.
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