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Toém tét - Hién nay lwéi dién trén dao Phu Quy (Binh Thuan) 1a mét
Iwéi nhd, doc lap va dwoc cip ngudn tir mét hé théng dién hdn hop
gi¢ - diesel. Trong qua trinh van hanh hé thdng nay co xay ra hién
twong khéng on dinh vi cac tinh nang clia tram dién gi6 khéng phu
hop véi lwéi nhd va doc lap nhw didu khién hd tro én dinh Iwéi
kém, cong suét cuc tiéu qua Ion, cai dat ché do khong phat cong
suat phan khang. Qua khdo sat lwdi dién trén khi co cac dao dong
bé nhu téc d6 gié thay dm thay ddi cong suét phu tai, dao déng
dién ap, dao dong tan sé...vv, ching t6i xac dinh dwgc ving lam
viéc kém 6n dinh va cac didu kién bién. Dwa vao két qua khao sat,
trong bai bao nay, ching téi dwa ra cac khuyén nghi dé van hanh
lwéi dién & day tot hon va dn dinh hon, ma khéng can thay ddi cau
trac hodc thém thiét bj phu tro.

Tw khéa - dién gio; hé théng dién hén hop gi6 - diesel; 6n dinh;
c6ng suét; cdng suét phan khang.

1. Pit van dé

Hé thong dién gi6 két hop diesel di duoc xem la hé
thong dién phi hop nhit cho cac viing siu, viing xa, hai dao
va duoc ung dung & nhiéu noi trén thé gioi. Tuy nhién khi
ap dung can co cac nghién ctru chuyén sau dé hé théng doc
1ap nay lam viéc 6n dinh va mang lai hiéu qua kinh té.

Théang 8/2012 Tong cong ty Dién lyc mién Nam (EVN
SPC) cung Cong ty Ning luong tai tao Dau khi Viét Nam
(PV Power RE) da thong nhit phuong an van hanh hé
thong dién gié — diesel & ddo Phu Quy trén mot sb nguyén
tic, trong do quan trong nhét 1a ty 1& phat dién gi6 - diesel
1a 50% - 50% [1],[2],[3]. Vi quy trinh vén hanh nhu vay
s€ khong tan dung tét ngudn nang luong gidé ma tiép tuc
tiéu ton nhién liéu diesel.

Theo cac dé xuét trude kia [1] thi hé théng dién ¢ day
nén duogc trang bi thém cac thiét bi phu tro dé nang ty 1€
phat ciia tram dién gi6. Bai bao nay nham muc dich dwa ra
cac khuyén nghi dé van hanh 6n dinh lu6i dién ¢ day va c6
thé nang cao dugc ty 1& cong suat phat cua tram dién gio
ma khong can thém thiét bj phu trg.

Dé giai quyét vin dé trén, bai bio nay da khao sat tinh
6n dinh cua hé thong dién hdn hop gi6 - diesel & Phu Quy.
Qua d6 xé4c dinh dugc ving 1am viéc 6n dinh va cac yéu tb
anh huong 16n téi s 6n dinh tinh cta hé théng. Tir d6 dua
ra cac khuyén nghi dé van hanh 6n dinh hé thong nay.

2. Hé thong dién gié két hop diesel trén dao Pha Quy [3]

Hé thong phat dién diesel gdbm 6 may phat loai VTA-28
duoc san xuét boéi Cummin, cong suét phat dinh mirc 500kW
(625kVA), dién ap dau cuc 0.4kV, hé s cong suit 0.8. Hé
thong 0.4kV nay két nbi ludi 22kV thong qua 03 méay bién
ap lam viéc song song loai 1600kVA, 22+2x2.5/0.4kV.

Abstract - At the moment, the distribution network of PhuQuy
island (BinhThuan Province) is an isolated microgrid which is only
supplied from a wind — diesel hybrid energy system. In fact, the
system operation has occurred unstable phenomenons, because
of the wind power station is not suitable for isolated microgrid such
as less stable controlling supports, too large minimum capacity, no
generated reactive power set mode. After studying this grid with
small fluctuations as wind speed changes, changing capacity of
load, voltage fluctuations, frequency fluctuations, etc., we found
less stable regions and boundary conditions. Therefore, in this
paper we give recommendations to operate this grid more stable,
without changing the structure or adding auxiliary equipments.

Key words - wind power; wind — diesel hybrid energy system;
stability; power; reactive power.

Heé thong dién gi6 gom 3 tuabin loai V80-2MW str dung
méy phat khong dong bo ngudn kép (DFIG) cua Tap doan
Vestas. Mdi tuabin c6 cong suit phat dinh mirc 2.0 MW va
dién ap phat 690V, dwoc ndi ludi 22kV thong qua may bién
ap kho cong suat 2.1 MVA, 22/0.69kV, YN/yn-0.

Ludi dién 22kV c¢6 tong chiéu dai khoang 21.5 km gdm
hai phat tuyén 471 va 472.

Tram dién
diesel
6,.500kW

= l 3~ Ka
Tram dién gid
3 2MW

Hinh 1. Hé thong phat dién hon hop gié — dlesel trén dao Phit Quy.
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3. Phén tich quy dbi hé thong di¢n vé dang don giin

i bé thuén tién cho viéc khao sat, trong bai bao da quy
do6i h¢ thong dién thuc trén dao Phi Quy vé dang don gian
nhu hinh 2.

Do duong day 22kV thuong c6 dién dung duong day
khong dang ké, nén ¢ day khong xét. Tu bui Q cung cap vira
du cong sut phan khang cho mady phat dién gio, nén khong
xét dén anh huong trong hé thong. Do d6 trong hé thong
khao sat chi bao gom céc thong so chinh nhu Hinh 3.
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Hinh 2. So do don gian hoa hé thong dién Phii Quy.
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Hinh 3. So' @6 mach don gidn hé théng dién Phii Quy.

Bing 1. Thong sé hé thong

Théng sb | Gia trj thong s6 | Pon vi
May phat 1 (dién gio):
Cong sut dinh mirc Pam1=3x2000 kw
Dién 4p dinh muc Uam1=690 \Y/
bién khang qua do X’41=0.42 pu
Hé s6 cong suat cos(1=0.98
Hang s6 thoi gian quan tinh |Tj=10.1 S
May bién ap 1:
Céng suét dinh mrc Sba_dm=3x2100 kVA
Dién ap dinh muc Uba dm=0.69/22 kv
bién ap ngén mach Uba n=5.3 %
Ty s6 bién ap k1=22000/690
Puong day 1:
Dién trd duong day ro1=0.3688 Q/km
bién khang duong day X01=0.3800 Q/km
Chiéu dai duong day lL=~6 km
May phat 2 (dién diesel):
Cong sut dinh mirc Pam2=6x500 kw
bién ap dinh muc Udm2=380 \Y
bién khang qua do X’42=0.22 pu
Heé s6 cong suat cos 02=0.8
Hing s6 thoi gian quan tinh [Tj2=3.2 S
May bién ap 2:
Cong sut dinh mirc Sba_dm2=3x1600 kVA
Dién ap dinh muc Uba_dm2=0.4/22 kv
Dién 4p ngin mach Uba_n2=4.6 %
Ty s6 bién ap k2=22000/380
Puong day 2:
Dién tré duong day ro2=0.3688 Q/km
bién khang duong day X02=0.3800 Q/km
Chiéu dai duong day l.~6 km
Phu tai:
bién ap nut tai Us=22 kv
Heé s6 cong suat Cosp =~ 0.87

[Nguon tir Vestas, Cummin va Dy dn phong dién Phii Quy].

4. Tinh toan khao sat
4.1. Céc buéc tién hanh khdo sdt

Viéc khao sat va xac dinh ving lam viéc 6n dinh dugc
thyc hién qua cac budce sau:

Budc 1: Tinh toan xac dinh cac thong sO trang thai cia
hé thong dién trong ché d6 1am viéc 6n dinh [4],[5];

Buoc 2: Tinh toan xac dinh cac dic tinh lam viéc ctuia
hé thong dién [4],[5];

Budc 3: Cho phu tai thay ddi khao sat on dinh theo cac
tiéu chuan Lyapunov [4],[5] va tiéu chuan Gidanov [4];

Budce 4: Thay déi kha ning phat cong suét phan khang
cua tram dién gi6 d€ nhan dugc vung lam viéc 6n dinh cta
hé thong dién.

Trong céc budce 2, 3 va 4 thi cong sudt cua tram dién
gi6 duoc khao sat toan mien OMW +~ 6MW (sao cho thoa
man can bang cong suat).

4.2. Khdo sdt theo phwong phap dao djng bé ciia Lyapunov

H¢ phuong trinh (1), (2) [4],[5] thé hién qué trinh qua
d0 ctia h¢ thong dién. HE phuong trinh (3), (4) m6 ta sy can
bang cong suat tai nut phuy tai.

ds
TJl Tzl =P~ P1 1)
d%s
TJZ dt22 = sz - Pz 2
Q;u + Q21 - Q( =0 (3)
Py +Py ~P =0 @

Tuyén tinh hoa hé phuong trinh (1), (2), (3), (4) theo
cac blen 01, 62, U va @ nhdm ap dung phuong phap danh
gi4 6n dinh theo x4p xi bac nhét cia Lyapunov, khi d6 thu
duoc hé (5), (6), (7). (8) [4].
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Véy phuong trinh dic trung D(p) = 0 ¢6 dang nhu sau [4]:
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Trong dinh thire trén, gia tri cua cac dao ham riéng dugc

tinh tir cac phuong trinh sau:

P, = Efy35in oy + E; Uy, 8in (8, — oy 5)
Q, = EY,5C0S04 5 + E; Uyy5C08(8; —0y3)
P, = E5Y3SiN alyg + E, Uy, 8in (8, —0ty5)
Q, = E5Y 3080155 + E, Uy ,3C05(8, —0t55)
P = E; Uyy3in(8; +ay3) — U2y, 5 sinays
Qe = E; Uyy3,c08(8, +0y3) — U?yy3 cOs ayg
Pyt = E;Uyp38in(5; +0p3) — UZst sinoyg
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Qa1 = EpUy5 008(8, +0155) ~U%Yp5 08055 (17)

Sau khi tinh dinh thic tir phuong trinh déc trung (9)
duoc dang sau:

Ap* +Bp?>+C=0 (18)

Giai phuong trinh (18) trong céc truong hop khéc nhau
thi’ duoc tap nghiém phan bo trén cac Hir}h 4 Sién 7. Hé
thong s€& on dinh khi cac nghiém p;j 1a cac s6 thuan ao.

4.3. Khdo sat 5n7cijnh theo tiéu chuin mit én dinh phi
chu ky (tiéu chuan Gidanov)

Trong khao sat on dinh hé théng dién, nguoi ta chia sy
mat on dinh 1am hai nhém :

+ Mét 6n dinh gy ra do cac thong s6 hé thdng thi dién
ra theo dang phi chu ky (cac bién trang thai tang v6 han
khong dao dong);

+ Mat 6n dinh gy ra do thong sb céc bo diéu chinh
khong phu hop thi dien ra theo dang chu ky (cac bién trang
thai tdng v6 han dao dong).

Tiéu chuin Gidanov dugc ap dung dé khao sat 6n dinh khi
cac bd tu dong dicu chinh trén h¢ thong dang lam viéc tot.

Theo tiéu chuén Gidanov thi h¢ thong bt dau chuyér}
tir trang thai On dinh sang mat 6n dinh phi chu ky khi hé so
an trong phuong trinh dac trung (19) bat dau doi dau tr
duong sang am. DBic di€ém nay c6 ich cho viéc xdc dinh
diéu kién bi€n cua cac yéu to anh hudng dén tinh on dinh
cua hé thong.

D(p) =a,p" +a,p" " +...+a, ,p'+a, =0  (19)

5. Cac két qua khio sat
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: Pt=6.3 MV
ol T B S S S
[ T N U
16 O e~ VS SRR s N S
1.4 fe - PE=3 A oo LI EE L N T N S Tnt

04 i i i i i i
o] 1 2 3 4 a8 G
P10y

x 10°

Hinh 4. Khdo sdt nghiém ciia D(p) = 0 va hé s6 an ciia D(p) véi tdi Pv=1+5.3 MW, cosp = 0.87 va S1 = (0 + 5.3) +j.0 MVA,
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Hinh 5. Khao sat nghiém ciia D(p) = 0 vd hé s6 an ciia D(p) véi tdi Pr= 5.5 MW, cosp = 0.87 vd S1 = (0 + 5.5) +j.0 MVA,
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Hinh 6. Khdao sat nghiém ciia D(p) = 0 va hé so an ctia D(p) vdi tai Pt= 6 MW, cosp = 0.87 va S1 = (0 + 6) +j.0 MVA.
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Hinh 7. Khdo sdt nghiém ciia D(p) = 0 va h¢ $6 an ciia D(p) voi tai Ptv=8 MW, cosp = 0.87 va S1 = (0 +6) +j.0 MVA.

- Qua trinh tinh toan trén phan mém Matlab cho cac két
qué thé hién tir Hinh 4 dén Hinh 10, khi cong suit tai thay
doi va thay doi cong suat phat cua dién gio voi gia thiét
(diing voi thyc t€ van hanh hién nay) 1a dién gio khong phat

5 cong suat phan khang hodc phat véi cosgs;=0.98.

Hinh 8. Khao sat an voi tai Py =

3
P

=0+6MW, cosps1 = 1.

5 6

x40

Phit Q)
S1=Py+iQy
cosgs: = 0.90

cospsy = 0.50
cosps: = 0.95
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Hinh 9. Khdo sdt an voi tai Py=
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Hinh 10. Khdao sat an voi tdi Pt =

cospsa = 100

Sa=P1-jQu
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1+8MW, cosp = 0.87 va Pr=

0+ 8 MW, cosp = 0.87 va P1

6 MW, cosp =087 va Pr=0+6 MW.

0_

6 MW , cospsy = I khi gii dién dp ddu cuc cac mdy phat khéng doi.

Néu b diéu chinh dién 4p cdc méy phat dugc cai dat
theo ché d6 gilr dién ap dau cuc mdy phat khong doi cho
du dién ap tai cac nut tai c6 thay doi thi két qua khao sat
nhu Hinh 10.

Nhan xét

Tu H1nh 4 ¢6 két luan hé hoat dong 6n dinh trong dai
cong suat tai Py = 1 + 5.3 MW va véi moi cong sut cia
tram dién gi6 c6 thé phit.

Tur cac Hinh 5, 6, 7 rlit ra két luén khi h¢ hoat dong c6
xay ra mat 6n dinh trong dai cong sudt tai Py = 5.5 MW tré
1én (voi cose = 0.87). O déy ciing khao sat v6i moi kha
ning phat cong suét ctia tram dién gio.

T cac Hinh 5, 6, 7, 8 ¢6 két luan hé hoat dong khong
on dinh trong dai cong sut tai Py = 5.5 MW tr¢ 1én (voi
cos® = 0.87) twong ing véi mot dai cong suat ctia tram dién
gi6 S1 = (0 91% + 100%).6 +j.0 MVA, nhung hé thong lai
lam viéc 6n dinh trong dai cong suat cta tram dién gi6 S
= (0% + 0.91%).6 +j.0 MVA.

Phuy tai thuc té trén dao co gia tri lon nhét 1a 2MW
[1],[2] nén khi so sanh v6i mién khao sat trén Hinh 4 ta
thay hé thong lam viéc hoan toan 6n dinh tinh v6i moi kha
nang phat cong suét cta tram dién gi6. On dinh tinh 12 mot
thudc tinh cta cau tric hé théng [4], nén khi hé théng da
6n dinh tinh thi c¢6 thé dam bao dugc 6n dinh dong thong
qua céc thiét bi bao vé su ¢b tac dong nhanh, st dung thiét
bi ty dong dong tro lai duong day cd ngin mach thoang
qua, diéu khién tt cac thiét bi bu. Diéu nay cho phép nang
cao ty 1¢ dién gi6 so voi diesel 1én trén 50% tong cong suit
phat nham tiét kiém nhién liéu diesel. P c6 nhimg ching
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minh cho thiy hé thong van hanh vi ty 1¢ dién gi6 — diesel
70%-30% van dam bao on dinh [1].

Tir Hinh 9 nhén thiy néu tram dién gi6 phat thém cong
sudt phan khang S; = Py +j.Q1 vdi cos@s: = 0.995 tror di
(theo chiéu miii tén) thi hé théng lam viéc hoan toan on
dinh. Du rang khi xem xét ¢ gid tri cos@s: rat thap theo
hudng phat cong suat phan khang thi c6 xay ra mét 6n dinh,
nhung lac nay Qs rit 16n, day 13 didu khong thé co trong hé
thdng dién gi6 st dung may phat DFIG. Con néu tram dién
gi6 phai nhan coéng sudt phan khang S; = Py - j.Q thi hé
khong 6n dinh ¢ ving tram dién gi6 phat cong sudt 16n.

6. Két luan

Trong bai bao nay da xem x¢ét, xac dinh dugc rang kha
ning phat cong suét phan khang cua cac ngudn dién c6 vai
tro quan trong trong 6n dinh hé thdng dién va dé xuat yéu
cau tram dién gié phai phat cong sudt phan khang véi
cos@s1 hop 1y 1a tir 0.98 dén 0.80 tity nhu cau ciia phu tai.

Pdng thoi bai bao ciing dé xuat cac bo diéu chinh dién
ap clia cac may phat phai duoc cai dit theo ché do giir dién
ap dau cuc may phat khong ddi cho du dién ap tai cac nat
tai c6 thay doi.

Qua phan tich trong bai bao, chung t6i thiy hoan toan
¢6 thé nang ty 1& phat dién gi6 — diesel 1én 70%-30% sau
khi phdi hop céc diéu chinh da néu nhim giam tiéu tén
diesel va bao vé€ moi truong.

Viéc ching minh ty 1¢ dién gi6 so véi diesel hop 1y nhat
ma van dam bao én dinh dong trong van hanh tai cac hé
thong dién hdn hop gi6 — diesel cap ngudn cho ludi nho co
1ap 1a mot huéng nghién tiép theo.
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