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‘ ay phat dién gi6 st dung chii yéu loai may
' I phat khéng dong bd [1]. Do do, trong qua
trinh van hanh ching thwéng khong phat
ra dwoc cong sudt phan khang hoac phat ra véi
lwgng cong suat phan khang han ché. Chinh vi 1&
do, khi két ndi v&i cac Iwéi dién thi ban than nat két
n0| chung voi lwdi dlen (PCC) thwong la cac nat
yeu trén phwong dién 6n dinh dién ap, cac nhanh
lién k& sé& "yéu" trén phwong dién én dinh tinh,
dong thoi khi du’a thém dién glo vao mang dién thi
hé sé dy tri¥ én dinh tinh c6 thé giam xuong mac
du chét lwgng dién 4p co thé duoc cai thién [2].
Ngoai ra trong qua trinh dién ra sy c6, dién ap tai
PCC sé bj suy giam manh [2], [3] dan dén co thé
phéi c&t may phat dién gio ra khoi |U’0’I dién, diéu
nay lam anh hwdng dén tinh lam viéc &n dinh va do
tin cay cung cap dién. Do do v1ec khao sat dao
ddng cong suét cling nhw phan tich n dinh dién ap
trong cac lwgi dién céd dién gié khi xay ra ngan
mach gan nha may |a bai toan c6 nhiéu y nghia.

Dé danh gia dao dong cong suéat va mirc do &n
dinh cla luoi dién két néi dién gié c6 thé st dung
nhiéu phwong phap va tiéu chudn khac nhau.
Trong h&u hét cac nghién ciru déu trng dung céac
chwong trinh mo phdng sau khl da xay dwng mé
hinh chi tiét cac phan tl clia ngudn dién gio [1], [5],
[6]. Dwa trén két qua md phéng, cac nghién clru do
dé& chi ra phwong an van hanh hop ly ciing nhw giai
phap nang cao hiéu qua van hanh va cai thién do
tin cay [5]. Tuy nhién cac nghién cru nay khong
thiét 1ap dwoc cac gia tri cai dat cho cac hé théng
bao vé khi dién ap dau cuc may phat suy giam khi
co ngan mach.Thuc té cho thdy day la mot khau
trong yéu trong qua trinh van hanh do hién nay van
chuwa cé chuadn chung &p dung cho cac hé théng

role loai kém ap cua dién gi6 [4]. Vi vay trong bai
bao nay sé& dé xuéat thiét 1ap mot gia tri chinh dinh
ap dung may phat dién gié. Két qua bai toan dwoc
ap dung cho Iw@i dién tinh Ninh Thuan ndm 2015
khi c6 két néi mét nha may dién gi6 cong suét 20
MW str dung may dién khong déng bd ngudn kép
DFIG (Doubly Fed Induction Generator).

1. M6 hinh ctia may phat DFIG

1.1. M6 hinh DFIG trong hé toa dé quay dq

Ky thuat nay dwa trén phuong phap phan tich
tinh_phi tuyen duoc st dung trong so diéu khién
cac hé thong phi tuyen dé cho sy phan Iap tdi wu
gitta so dd diéu khién tir théng va diéu khién
mémen b&i cac thanh phan dong dién stator truc d
va truc g. Trong hé truc tham chiéu dq, cac phwong
trinh dién ap dwoc Vlet nhw sau [1], [4]:

Ug = Rgig + jwgg +— We
dt (1
+£lp
dt '
Coéng suét biéu kién tlc thoi diu cuc stator
dwoc cho bai:

Ss =§[us ?SJ )

Céng suét tac dung va cong suét phan khang
tirc thoi:

Ur =Ryl + j(ws —w; )y,

Ps = iRe Eisi; ]: %(udsids M uqsiqs)
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Trong bai todn md phéng nay thi thanh phan
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may bién ap clia bd bién dbi co thé dugc bo qua, vi
tac ddng clia n6 1én két qua cudi cling khong dang
ké, cong suét tac dung va cong suat phan khang

dwoc viét lai mot cach don gian do ug = 0 trong
hé toa dé quay la:
3
Ps = _“d.vids = _usids
2 (4)
i :
Qs = - Eudsla'.v = - Euxlqs

Trong d6: Ugs, Ugs, Udr, Ugr - CAc thanh phan dién ap
stato va roto trén hé toa dé quay; Was, Was: Wdr War -
Céac thanh phan tir thong stato va réto trén hé toa
dd quay; igs, ids, iar lqr - Cac thanh phan dong dién
stato va rdto trén hé toa dd quay; o, s, Op, ® -
Van téc gbc mach réto, stato;

Tir (4) ta thay cong suéat tac dung va céng suat -

phan khang dau cue stator DFIG cé thé dwoc diéu
khién doc lap thédng qua igs va igs. Phan bd cong
suét tac dung gitra cac cudn day stator va roto cia
may phat DFIG phu thudc vao hé so trugt. Cong
suat qua mach roto (qua bd bién d6i céng suét)
ngwoc dau va xap xi bang cobng suat cudn stator
nhan véi hé sé trwot, P=(-s.Ps), con dwgc goi la
cong suét trot. Ty thude vao didu kién van hanh
cua hé thdng, cong suat qua roto c6 thé di theo hai
chiéu: tlr lwoi qua bd bién dbi dén roto, P, < 0, &
ché do dwéi déng bd va ngwoc lai tir roto qua bd
bién dbi dén lwéi, P>0, & ché do trén dong bd.
Trong céc trwdng hop trén, mach stato déu phét
cong suét vé lwdi, Ps > 0. M6 hinh DFIG trong hé
toa dé quay nhw hinh H.1.

H.1. Mach dién twrong dwong mé hinh déng DFIG
trong hé toa do quay dq [1]

1.2. C4u tric cédc phén tir trong chwong trinh
mé phoéng qua trinh qua dé

Chuwong trinh mé phéng hé théng dién PSCAD
do Trung tdm nghién clru Manitoba-HVDC xay
dwng [7]. Pay la mdt chuwong trinh cho phép nghién
clru cac cong nghé mdi hién nay nhuw: cac cong
nghé diéu khién sb, céng nghé truyén tai dién mot
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chiéu, mé phdéng cac ché dé van hanh clia may
phat dién gié v&i cac loai may phat khac nhau...
Cac thuat toan str dung trong giai tich hé thong
cling dwa trén cac ly thuyét théng nhat trén thé g|0|
la ma tran téng dan va cac phwong phép I&p, 6n
dinh qua dd, ly thuyét phép phan tich tri riéng.
Trong mé ta nha may dién gio két ndi lwai dién, mo
hinh tuabin gi6 dwoc chuwong trinh PSCAD/
EMTDC yéu cau mé ta béi cac dac tinh vat ly nhu:
cong suét dinh mire, s6 canh tuabin gio, chiéu dai
sai canh, mat dd khéng khi, tbc dd gié dau vao,.
Trong H.2 minh hoa mdé hinh mét tuabin gio trong
PSCAD.

INPUT - Wind Turbine
S e e e MOD2Twe |1,
' : e P
o Mechanical w i
wout | Speed
Betai\
H 2 Mo hmh ctia mét tuabin gié
Wlnd Source
Mean
Gust | Vw
Ramp
A
B
C

H.4. Cac loai may phat dién gio trong PSCAD: a
- Loai réto léng §éc; b - Loai réto day quén; ¢ -
Loai may phat déng bé

Trong thwce té téc dd gié dau vao cung cép nang
lwong cho tuabin gié luén thay doi theo thoi gian.
Do dé mét mé hinh dwgce goi 1a "ngudn gio" dwoc
thiét 1ap trong PSCAD dé mé ta d&c tinh cua toc do
gi6 bién thién, trong mé hinh nay ciing minh hoa
xung lwc tac dong 1én hé théng khi téc do6 gié thay
ddi, dd on khi tuabin quay,... (H.3). Ngoai ra, trong
thw vién ctia PSCAD coén cung cép 3 loai may phat
dung cho hé théng phéat dién sirc gié: may phat
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khéng déng bd réto 16ng séc, may phat khéng ddng
bo roto day quan va may phat dién ddng bo nhu
H.4. Tuy thudc vao viéc str dung cdng nghé may
phét sé& c6 cac phuong thirc két ndi khac nhau voi
hé théng dién. Néu sir dung loai may dién DFIG thi
mot bd bién ddi cong suat sé dwoc st dung dé két
néi roto may phat voi luwéi dién. Tée dd quay cla
may phat dwoc didu chinh cho phu hop véi déc
tinh van hanh cla tuabin gi6 (dé téc do roto Ién
hon hay nhé hon téc do ddng bd).

Bo bién ddi céng suat gdbm hai bd bién ddi: bd
bién d6i phia may phat RSC (Roto Side Converter)
va bd bién d6i phia lwdi GSC (Grid Side
Converter), dwoc két ndi theo dang “back-to-back”
nhw hinh H.5. Mach roto dwgc cap ngudn tr bd
nghich lwu ngudn ap VSC (Voltage Source
Converter) c6 bién dd va tan sb thay déi, thudng
st dung linh kién dién t& céng suat IGBT. Mét tu
dién "dc-link" dwoc dét & gitra hai bd bién ddi déng
vai tro tich trlr nang lvgng. Trong khi d6, muc dich
chinh cla bd converter phia lwéi GSC la dé git
cho dién ap dc-link khong ddi. C4u tric chi tiét cua
mot may phat dién DFIG cho trong hinh 6. Trong
hinh 7 md t& cau tric nha may dién gié6 Phuwdc
Ninh két néi lwai dién 22 kV, sau do dwoc két ndi
vei lkgi dién 110 kV Ninh Thuan.

Rt PYbbassn
O

s

DFIG-2 MW trong PSCAD/EMTDC

R MAY DIEN B0 PHUCC NNH-NNH THUAN,

H.7. Xay dung céu tric nha may dién gié
Phude Ninh bang PSCAD
3. Két qua phan tich qua trinh qua doé cua
nha may dién gié

Trong phan nay trinh bay két qua tinh toan md
phdng hién twong qua dd xay ra khi lwéi dién két
ndi nha may dién gié theo thdi gian. Muc dich
nghién clru la khao sat phan (rng cla nha may
dién gi6 trwdc nhirtng dang sw cd khac nhau trong
hé théng dién va cac anh hwdng dén lwéi dién dia
phwong. Theo do6 sé theo déi dugc dién bién cla
qué trinh qua d6 cac may phat dién gi6 va dé xuat
ché dd van hanh phu hop. Ngoai ra, dwa vao cac
dé&c tinh tir két qua mé phdng sé thiét 1ap cac gia tri
bdo vé cla role nhdm nang cao do tin cay cung
cap dién. Téng tr& cha hé thdng tinh dén diém
PCC két nbi cum cac may phat dién gié dwoc lay
tr Trung tdm diéu d6 hé théng dién Québc gia Ag
(Z=1,984.,65,1 Q) Théng sbé chi tiét clia may phat
va tuabin cho trong Bang 1 va 2.

Béang 1. Théng sb may phéat dién DFIG - 2MW-
VESTAS-BPan Mach

Théng sb Giatri | Thongsé | Giatri
Uga, V 690 Xm (pu) 3.29
Rs, (pu) 0.006931 | n, (v/phat) | 1500
R:, (pu) 0.00906 H(s) 38
Xs, (pu) | 0.08083 f, hz 50
Xr, (pu) | 0.09934 p 4
Bang 2. Théng sd tuabin
| Théng sb | Gia tri Théng sb Gia tri
Puong | 70m Téc do giodinh | 12,2
kinh roto mirc,m/s .
S6 canh 3 Toc d6 "cut out”, m/s| = 25
Chieudai| 34m Toc dd "cut in” 4 m/s
sai canh ol
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3.1. Dao déng cong suat cda nha mdy khi
xay ra ngan mach 0 cdc vi tri khdc nhau vo&i
thoi gian ton tai sy cé 0,5s

Céng suat phat tdc dung gidm manh con 0,3
MW trong qué trinh dién ra sw ¢6. Céng suét phan
khang lay vé tir phia hé théng tang, sau dé giam
dan vé trj s6 dinh mirc sau 6 s (H.8). Thoi gian tat
dén dao dong khoang 4 s khi thoi gian ton tai sw c6
béng 0,5 s. Khi d6 dién ap gidam xudng con 0,049
pu tai thanh cai két ndi chung PCC va 0,048 tai dau
cwc may phat. Roto may phat bj ting téc dén
1,0221 pu, thoi gian tat dan dao dong khoang 9 s.
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H.8. Dao déng cbng suét téc dung, phan khang
ctia may phat khi ngan mach tai PCC
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H.9. Dao déng dién ap tai déu curc may phat
va tai PCC khi ngan mach tai PCC

. Khi d6 dé can bang nang lwong thi réto cla
may phat sé bat dau dwoc gia téc va ting tdec [1].
Khi sw ¢6 dwoc loai triy, dién ap diu cwc may phat
sé tang tré lai nhwng do may phat bat dau tiéu thu
tr& lai mdt lwgng Ién cdng suéat phan khang cia hé
thdng dé khoi phuc lai tr tredng quay, va do lwgng
cong suat phan khang tiéu thu ting dot bién sé lam
dién ap dau cuc may phat khéng thé hdi phuc ngay
dwoc. Trong khi d6 may phat bt diu phat cong
suat tadc dung tr& lai va phéat sinh ra cac mé men
dién co trén truc réto, md men nay coé tac dung
ham téc lam cham tdc dd réto. Néu lic nay nang
lwong tich luy trong rdto duéi dang déng nang
chwa lén hon so véi mé men can thi tdc do roto sé
tir tr gidm dan vé téc dd lam viéc binh thwdng,
tredng hop nguoc lai thi tbe dd roto sé tiép tuc
tang lén, lwgng cong suat phan khang tiéu thu ting
nhanh va sé lam giam dién ap du cwc cho dén khi
nao cac thiét bi bdo vé role lam viéc sé cit may
phat ra khoi Iwdi. Sau khi hdi phuc sw cd, cong
suat phat ra ciia méi may phat van dat gia tri 6n
dinh & murc xap xi 2 MW. Két qua mé phéng tinh
toan dién ap, cong suat phan khang trong cac ché
dd xac lap va sw ¢ ngan mach 3 pha & cac vj tri
khac nhau trén lwdi cho trong Bang 1.

Két qua mo phéng trong Bang 1 cho thay rang
trong hau hét cac trudng hO’p sw cb thi cong suat
phat nha may dién glo déu giam manh, lwong cong
suéat phan khang lay vé tir phia hé thong tang dang ké
khi vi tri ngén mach cang gan diém két ndi chung
PCC. Vi tri ngédn mach cang gan PCC, dién ap trén
PCC cang giam manh va kha nang phuc hdi sau sy
c6 cang kho khan hon. P& khoi phuc nhanh ché do
xac |ap sau sy cb can ap dung cac giai phap manh
nhw: sa thai bot phy tai dia phwong tai PCC hay st
dung thiét bi bu cong suat phan khang ngay tai PCC
hoac tai dau cwc may phét dién gio.

1,025 22D
10200 TN Bang 1. Dién ap va cbng suét phan khéng tai
e A M s A ol
1‘015; N " cac vj tri ngan mach khac nhau trén lwéi dién
1.0125 B-n -
1.0100 5 h€n ap, pu
- ‘:;‘:::]‘: 0K | 1KV TRV Qpu
Y PCC km x,.éc st cé | ored x:’m seeh | 5| e
10025 lip lapii ) A Bp |
1.0000 : : : : 0,1 +111 | +021 | +1.06 | +0.11 | +1.02 | +0.008 | +0.14 | -0.83
100 150 200 250 00 0 400 05 [ +110] 4022 | +105] +0.12 | +1.01| 40.01 | +0.12| -0.80
khi ngdn mach tai PCC 50 +1.08 | +0.26 | +1.03 | +0.16 [ +1.00 | +0.08 | +0.07 | -0.79
ok L 10 +1.06 | +0.32 | +1.02 | +0.23 | +099 | 40,15 | +0.05| -0.78
Qua trinh nay cé thé dwoc giai thich nhw sau: o0 | +104| 4039 | +101]|+031 [ +098 | +0.26 | 000 | -0.76

trong qua trinh sy cb dién ap dau cwc may phat
cling sut gidm nghiém trong va két qua la cong
suat dién do may phat dién phat ra sut giam manh,
trong khi d6 céng suét co clia tuabin van dwoc duy
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3.2. Trwong hop ngan mach 3 pha tai mdy
phét s6 1, thoi gian to tai sw ¢ kéo dai din dén
phai tdich médy phat gap sw cé ra khéi Iwdi dién
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100 mUBL = U rmy phat | suét tdc dung phét ra giam va tiéu thu mot lwgng cong
0 > suat phan khang kha I6n tir phia lwoi.
0.80 4
0.60 { a)
040 ' { Advanced Graph Frame
e | | 2 [= Den e oo vituona ol
\\ f 110 -
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H.11. Dao déng dién ap tai may phat va tai PCC 00
khi tho't gian ton tai sw cé lau dai 5
o zet a pRCC AP PO 3?3
2003 000
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16.0
14.0 b)
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2 Lr;& Sr— - 1_00_-& M/ar ]
8o 050
100 150 200 250 00 350 400 S
" -0.50 -
H.12. Dao déng céng suat tac dung e AN
cta nha may va tai PCC e
Vao thoi diém t=15 s, gid thiét xay ra sy cb 2% ~ ]
ngan mach 3 pha tai dau cwc “May phat tuabin gi6 f
17 cla déy tuabin gi6 thr nhat. Trong qua trinh dién = 3% , ; : : : : : g
ra sw co, dién ap trén dau cwc tuabin gié thtr nhét £ SRS RO OO AT BRI Dy
dén gidm con 0,09 pu (H.11), nhé .hon ngwéng c)
dwéi dién ap cho phép, nén hé théng bao vé sé el B
cho “May phat tuabin gi6 1” dirng vao lic 15,4 s. = E
Sau khi May _phat tuabin gi6 1 dirng thi cac may = 2s{-
phat con lai van tlep tuc phat ra coéng suat 1,98 MW = 2o Fon
cho mdi may. Téng céng suét phat cia nha may 1
dat 17,54 MW, trong dé day tuabin gié chira may = 1w
phét bj sw cb phat cong suat 7,75 MW va déy con = o= e
lai dat cong suéat 9 78 MW sau suw cb (H. 12) Khi @ oo 8 ——
thoi gian ton tai sw c6 1a 0,5 s thoi gian héi phyuc = 0%
cong suat tac dung cla may phat khoang 06 s. 1w : . z : —— :
Cac may phat khac cong suét phat giam xudng con 40 60 80 160 130 10 160 80 M0 20
1,8 MW va héi phuc sau 0,3 s. Téc d6 may phat bj d)
sw cb téng Ién dén 1.022 pu so véi 1.0175 ltc trwéc et
khi sy ¢ voi thdi gian dao dong khoang 10s. Cac B R =
may phat khac, téc do may phat tang Ién khéng i
dang ké (1.0176 pu) va hdi phyc nhanh (sau 0,2 s). 10%60 /f\
4. Anh hwéng cua suy giam dién ap dén qua o 7 E i e
trinh qua dé may phat dién gi6 va cai dit gia tri :':z 1
chinh dinh cho hé thong bao vé kém ap s Il
Nhuw trinh bay & trén, cac may phat dién gié sé rat 10060
dé roi vao trang thai mat on dinh khi xut hién cac s0 6 70 8 o 100 o w0 1m0 #o fe0

trong hop sw cb gan may phat. Nguy hiém nhét 1a
céc trwong hop ngan mach 3 pha tai dau cwc may phat
hay tai PCC. Khi d6 may phat sé& mét &n dinh do dié ién
ap may phat bi suy gidam nghiém trong, lwong cong

H.13. Dao déng dién ap, céng suét phan khang,
cbng suét tac dung va téc do may phat khi sw co

kéo dai
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Mtrc d6 suy gidm dién 4p ciing la van dé chinh yéu
can quan tam vi mirc d6 mét can bang cdng suét trén
truc may phat tuy thudc vao lwong cdng suét tac dung
phat ra khi dién ap suy gidm, mét cach tbng quét c6 the
thay rang néu dién &p suy gidm cang nhiéu thi mac do
mét can bang cong suét trén truc may phét ciing tang
nhanh va réto cang dé dang b| gia téc hon. Do viéc
may phat c6 thé tré lai lam viéc on dinh hay khong sau
st cb tuy thudc vao ca hai yéu tb: thoi glan ton tai sw cb
va mirc do suy giam dién ap nén cd thé dé& xuat mot
phuong 4n chinh dinh cac role dién ap thap bao vé cho
cho may phat theo mét dac tinh phu thudc thay vi cai
dat dac tinh déc lap [2], [3].

Khi xuat hién sw cb kéo dai, lic nay: dién ap trén
thanh gép chung khéng thé héi phuc vé gia tri ban
dau do cac may phat dién gié tiéu thu qua nhiéu céng
suat phan khang tir phia hé théng (hinh 13a). Céng
suat phan khang lay tir phia hé thdng tang dang ké
sau khi sw c6 dwoc loai trir (hinh 13b). Cong suét tac
dung do cac may phéat phat ra gidm di sau khi cat sy cd
vi dién ap trén thanh gép chung van tiép tuc bj giam
(H.13.c). Do sw cb tdn tai qua lau nén téc dd clia may
phat khong thé khoi phyc lai gia tri ban dau sau khi sy
cb da bj loai trir. Pay 14 trwdng hop lam viéc mét on
dinh (hinh 13d) va role kém ap phai tac dong trong
trdng hop nay.

Trong H.14 la két qua tinh toan gia trj tac
déng cla hé théng role kém ap tir qua trinh mo
phdng ché d& su cd ngédn mach 3 pha tai PCC
khi thoi gian tdn tai sy cé qué lau, dan dén phai
cat toan bd cac tuabin gié ra khoi lwdi dién. Két
qua nay duwoc tinh toan trng véi cac ty sb cong
suat ngdn mach khac nhau theo tri s6 % dién
ap suy giam. Phwong phéap luan va két qua tinh
toan nay la mdét tham khao tdt khi dau nbi
ngudn dién phan tan néi chung va nha may
dién gid noi riéng véi hé thdng dién.

"A mén ap:uygﬂm

: H 14. P6 thi biéu dién quan hé gitka mirc do suy

giam dién ap va thoi gian tén tai cho phép t6i da
dbi véi nha may dién gié Ninh Thuan st dung
may phat DFIG 2 MW (VESTAS-Dan Mach)

2N cong neuier mo, 6 2- 2016

5. Nhan xét va két luan

Cén ctr theo két qua mé phéng thay rang:

% Pac tinh lam viéc cla cac role kém ap nén
chon |a loai dac tinh phu thudc, v&i cac role s
hién dai hoan toan cho phép nguwdi dung tao ra
cac duwong dac tinh lam viéc tuy chon sao cho
d6 dbc cua cac dic tinh nay bam sat, phu hep
véi két qua méd phéng trén;

% Thoi gian lam viéc chinh dinh cho cac role kém
ap phu thugc vao ty sb cbng suat ngan mach tai diém
két ndi chung, véi cong suét ngan mach cta hé thdng
cang Ién thi thoi gian lam viée clia cac role cang duoc
phép kéo dai va nhu vay cling lam gtam Xac suat phai
cat may phat do cac sw cb lan can diém két ndi cum
may phat dién gio;

% Dé nang cao kha nang lam viéc én dinh clia hé
théng cac may phat dién giod thi can cd cac bién phap
khac két hop nhw trang bi thém cac thiét bi cd kha
nang phat cong suat phan khang khong phu thudc
nhidu vao dién ap (SVC, STACOM) dé tro' gitp véi hé
théng khi cac may phat dién trong qua trinh hdi phuc
tré lai sau sw co;

% Cac thong sb chinh dinh cho hé théng role kém
&p nén duoc tinh toan dwa theo céc két qua mé phéng
vi hién tai chuwa c mét chuan chung cho céc loai role
nay khi ap dung déi vai céc loai may phat dién gi6.0
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Nguwréi bién tap: Nguyén Binh
SUMMARY
Thermal remote sensing data can be

used to calculate land surface temperature
over coal mine for early detection of

subsurface fire. This article presents study

on the application of LANDSAT 5 thermal
infrared image to retrieve land surface
temperature in Nong Son coal mine, Quang
Nam province. The results obtained in this
study can be used to monitor fire zones so
as to give warnings and solutions to prevent
coal fire.

NGHIEN CUUDAC TiNH...
(Tiép theo trang 82)

SUMMARY

The power system of Vietnam is in its

~ development phase. Due to the increasing
number of new power plants in Vietham

. power system such as wind power, the
~ stability of this system has become more
complex. This is because of interactions
of different power plants and the
oscillations of generators and lines. This

paper presents the stability of the Ninh
Thudn 2015 connected Wind Power Plant
(20MW) power system with different short-
circuit times on the 22kV line and their

impact on the system stability. The
Electromagnetic = Transient  simulator
- PSCAD/EMTDC 4.2 has been used to
carry-out the reported case studies.




