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Toém tat - Thuc té co nhiéu hé thdng phat dién hén hop gio —
diesel & céc viing c6 lap van hanh chwa hiéu qua, vi sy phéi hop
gitra tram dién gi6 va tram dién diesel chwa phu hop. Bai bao dé
xuét cAu tric diéu khién chung cho ca hé théng hén hop gio —
diesl trong lwdi co lap khong co thiét bi phu tro. Thuat toan diéu
khién tinh toan sb lwong may phat va cong suét clia cac may cho
ca hai tram dién, va diéu khién hé thdng bam theo cac gia tri tinh
toan. Bang thoi viéc didu khién tan sb cling dwoc thuc hién theo
hwéng cuc dai hoa cong sudt phat clia tram dién gié nhdm giam
tdi da sw tiéu thu nhién liéu diesel. Két qua ap dung ddi véi hé
théng phat dién hén hop & dao Phd Quy cho thdy sw phu hop
cla cAu tric da d& xuét, qua dé khuyén nghij ap dung cho cac hé
théng twong tuw.

T khéq - Hé théng phat dién hén hop gié — diesel; lwdi co lap;
cOng suat; tan s6; mrc thadm nhap dién gid.

1. Dit van dé

C6 nhiéu ving cb 1ap trén thé giéi da timg duoc cap
ngudn tir cac hé thong phat dién hdn hop gio — diesel
khong c6 thiét bi phu tro. Dién hinh nhu: dao Sal va dao
Mindelo & Cape Verde; dao La Désirade & Guadeloupe;
ddo Denham & Australia. Hién nay ¢ Viét Nam c6 hé
théng phat dién hdn hop kiéu nay & dao Pha Quy, va co
ké hoach l4p dit & Con Pao.

He¢ thong phét dién hdn hop gio — diesel dugc lap dat
& Phu Quy v6i muc dich sir dung ngudn ning luong gié tu
nhién va giam chi phi san xuit dién. Tuy nhién, do sy
phéi hop van hanh giira hai tram dién chua t6t, nén tram
dién gié thuong chi phat cong suét han ché trong pham vi
khoang 50% tong cong suét cuia ca dao (P [1-3]. Nguyén
nhan: Tram dién diesel do DPién luc dau tu, nhung tram
dién gio lai do Cong ty Ning luong tai tao Dau khi Viét
Nam dau tu nén thuc hién van hanh theo ty 1€ phan chia
loi nhudn; thém vao d6 toc do gio ludn ludn thay doi, dé
giam anh huong x4u ciia nhitng bién dong nay dén chét
Iugng dién nang mot cach chu quan, cac nha quan ly chon
Iya van hanh tram dién gi6 bam theo muc dit cong sudt
phat thip hodc muc thim nhap dién gio thip. Chinh vi cac
ly do nay ma h¢ thong phat dién hon hop ¢ diy khong
khai thac t6t ngudn nang luong gid cta tu nhién.

Dé giai quyét cac van dé trén, nghién ciru [4, 5] da dé
xudt mé hinh diéu khién tan s ciia hé thong theo hudng sir
dung ti da nang luong gid. Tuy nhién, nghién ciru [4] chi
khao sat vai tram dién gido cd6 mot tuabin, chua quan tdm
dén phan b cong suit phan khang cho hai tram dién, ciing
nhu chua ké dén gii han 1am viéc ctia timg méy phat, chua
xac dinh ty 1¢ thdm nhap dién gi6 ¢ murc nao l1a phu hop.
Nghién ctu [5] chi tip trung didu khién may phat trong

Abstract - In fact, there are many wind — diesel hybrid power systems
which operate ineffectively in isolated regions because the coordination
between wind power station and diesel power station is not appropriate.
In this paper, a common control structure of wind — diesel hybrid power
system in isolated grid without auxiliary devices is proposed. The control
algorithm calculates the number and power of generators in both power
stations, and drives the system according to the calculated value.
Simultaneously, the frequency is also controlled toward maximizing
generating capacity of wind power stations in order to minimize the
consumption of diesel fuel. This control structure is applied to the hybrid
power system on Phu Quy Island and the result shows the
appropriateness of the proposed structure. Therefore, this paper
recommends applying this control structure to similar systems.
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tuabin gi6. Ngoai ra c6 nghién ctru [6] ciing tién hanh diéu
khién tan s6 cho hé thong hdn hop kiéu nay, nghién ctru [7]
diéu khién tan sé va dién ap cho hé théng hdn hop co thiét
bi phu trg. Cac nghién ciru [6] va [7] khong quan tim dén
muc tiéu nang cao mirc tham nhap dién gio.

Do vy, muc tiéu ctia bai bao 1a dé xudt mot cdu tric
diéu khién chung cho hai tram di¢n nhim str dung ti da
kha nang cua tram dién gio, ma van dam bao cac diéu
kién k¥ thuat va van hanh 6n dinh. Pay ciing 1a nén tang
cho phép ung dung rong rai hé¢ théng phat dién hon hop
gié — diesel cho cac ddo ¢ Viét Nam.

2. Déi tugng 4p dung

Bai bao chon hé théng phat dién hdn hop gi6 — diesel
& dao Phu Quy lam dbi tuong khao sat.

Tram phat dién diesel da c6 tr nam 1999, bao gém 6
may phat loai VTA-28 cua hing Cummin, cong suat phat
dinh mic 500kW (625kVA), dién ap dau cyc 0,4kV, hé
sO cong suat 0,8. Hé thong 0.4kV nay két ndi lugi 22kV
thong qua 03 may bién ap lam viéc song song loai
1600kVA, 22+2x2.5/0,4kV [1, 2].

Tu ndm 2011, tram dién gié duoc dua vao van hanh
két hop vé6i tram dién diesel. Tram dién gi6 gom 3 tuabin
loai V80-2MW sir dung may phat khong dong bg, ngudn
kép (DFIG) cua Tép doan Vestas. Mi tuabin c6 cong
suat phat dinh mtrc 2.0 MW va dién ap phat 690V, dugc
nbi lugi 22kV thong qua may bién ap kho cong sudt 2.1
MVA, 22/0,69kV, YN/yn-0 [1, 2].

Ludi dién 22kV c6 tong chiéu dai khoang 21,5 km
gOm hai phat tuyén 471 va 472 [1, 2].

Phu tai trén dao Phu Quy thuong khoang IMW + 2MW.
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6922 KV

Tram dién gio 352 MW

Hinh 1. So dé téng quat

3. Dé xuat cau truc diéu khién

Tram dign diwse]
0.5 M

hé théng dién hon hop gié — diesel

trén ddo Phu Quy

Qua trinh tinh toan van hanh & Pha Quy phai théa man

cac diéu kién trong Bang 1.
Bing 1. Diéu kién van hanh [1, 3, 8, 9]

Diéu kién

[ Ghi cha

bo gio - ~ L
r Diéu khién [€
v \4 T
Tinh toan Ny, N, My phét Po
Py, Qwa Pys, st dién gi6 théng Sé)
v hé thong
Diéu chinh cong May phat L) U, Lf,
suat dat trén may dién diesel P...
phat dién gi6 va [ | )
diesel > Pidu khién

Ciin bang cong sudt

P1+P>=P;

1- dién gio; 2 — dién diesel; t — tong

Pwmin =500 + 800 kW

Q1+Q2=Qx phu tai cua ludi.

Gioi han phdt cong sudt

165kW< Pgs <420kW Pas — cong suat cua may phat dién

Sas < 625kVA diesel

Pymin < Pw < 2000kW Py — cong suat cua may phat di¢n
gi6; min — cuc tidu.

Pwmin = 500kW Khi toc d0 gi6 tr 7.2m/s dén

17.8m/§; )
Khi toc do gio tor 17.8m/s dén
25my/s.

Dat cong sudt dw triv quay

cho hé théng

Pap = Pap1+ Pap2
Pdp2min 5 Pdp

Pap, Pap1, Pap2 — 1an luot 1a cong suat
du trlt quay ctia ca hé thong, cua
tram di¢n gio, cua tram dién diesel.

Pdemin =150 kW
Pdp2min =250 kW

Khi toc d¢ gio 16n hon 7.2 m/s;

Khi téc do gi6 nho hon 7.2 m/s.

Dim béo on dinh trong vin hanh.

Khong phat dién

theo
Khong phat dién
gi6. Tinh sé may
phat diesel thoa
Pap = Papmin

Dung
Py < Pysmin
Sai

Tra tim Pumin, Pumax

van toc gio

Hinh 2. So do thé hién moi lién hé giita viéc tinh todn
va qua trinh diéu chinh hé thong [9]

Pyma

Min(Pymax-Pw,Pds-Pasmin)

Pyt APy

\%
, Tinh toan PI
Toc do gio . + % P ;

Pymin

Do Py, —

-Min(Pyy-Pywmin,Pdsmax-Pas)

Khéi huy
dong may
JL

S
Thong s6
trang thai hé

Dit liéu
Pregmax=(Pwmax-Pw)Nw+(Pdsmax-Pas)Nas
Pregmin=-(Pw-Pwmin)Nw-(Pds-Pdsmin)Nds

Po tin sb

Kich hoat

Khéi phén
> phoi cong

Pregmin

suat

Psregt

AR pp

Hinh 3. Cdu triic khéi diéu chinh cong sudt ddt trén mdy phat
dién gio va diesel

Doc chc thong s6: Pregt, Pwimin, Pwmaxs Pws Qus Ny, Pas,Qus, Nas |

Sai PAN Diing

¥ Teg

L4

AP 4=Pdgs — Pasmin
APw:Pw - lmein

APy=Pymax — Py
AP =P gsmax — Pas

Tinh lai Ny thoa man
Pap = Papmin
va Pys = Pysmin

Ngs=Ngs— 1

17
Kw = (Nw—1)/Ny,
Py=PyKy
Quw= QuKw

APreg= Pregi—APyNy

Kas = (Nds+1)/Nds

Pys= PasKas
st: stde
Ko = (Not 1)/Ny,
Pw=PwKy
Quw= QuKw
v

APreg>APdsNds
Nas<Nslapdat

Ngs=Ngs*1

Kas = (Nds_l)/Nds
Pys= PasKas
st: stde

| Nhan két qua 1an tinh th k,, |

Hinh 4. Thudt todn khoi tinh todn [9]

Hinh 5. Thudt todn khoi huy dong may
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Hinh 6. Thudt todn khoi phdn phéi cong sudt
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Hinh 7. So d6 bé diéu khién cho khoi chuyén doi phia
roto cua DFIG

Omeas
= B6 P dsm

P, .Ll),es d'él OAC
= o
(a) (Z:)

Hinh 8. (a) So d6 diéu khién  g6c nghiéng cdanh;
(b) So d6 diéu khién cong sudt co trén may diesel

So d6 khéi thé hién qua trinh thu thap s6 liéu, tinh
toan s6 may phat dién gio, s6 may phat dién diesel va
cong suat tuong tmg, ciing nhu thiét 1ap lai cho hé thng
nhu Hinh 2. Trong so 6 Hinh 2, w va ds 1a cac ky higu
thé hién cac thong s6 clia may phat dién gié va may phat
dién diesel; ky hiéu N 1a s6 may phat tham gia van hanh.

Khi trén ludi c6 bién dong cong suat hodc su sut giam
toc do gio dot ngdt thi cac may phat dién diesel s& dap
{mg dé can bang cong suat. Sau d6 cac két qua do s& duge
dua vao tinh toan cong suat thyc trén ludi, kha ning phat
clia tram dién gi6 va xac dinh sd lugng may phat ciing

nhu cong suit phat dién cia cac may trong hai tram dién
nho khéi tinh toan trén Hinh 4. Hé thong didu khién s&
tién hanh thay ddi diém dat cong suat tir tir tién dén thong
sé da tinh, cling nhu thém hoic giam s6 may phat nhd
khdi Diéu chinh cong suit dat trén Hinh 2 va dugc cu thé
hoa trén Hinh 3. Nhu vay, sau mot khoang thoi gian ngén
hé¢ thong s& tién dén diém lam viéc méi voi lugng phat
cong sut cua tram dién gio 1a cuc dai.

Su ting tbc do gié nhanh va c6 nhiéu thay ddi theo
kiéu gi6 giat s& bi hé thong diéu khién ciing nhu tinh todn
loc bo. Khi ¢6 mot qué trinh thay ddi tbc do gié thi hé
thong didu khién ciing nhu tinh toan s& tién hanh tinh toan
lai va bam theo.

Qué trinh diéu chinh cong suét ctia toan h¢ thdng duoc
thuc hién theo hudng phat t6i da cong suit cta tram dién
gi6 nhu Hinh 3. Khi toc d6 gi6 ting thi h¢ thong sé& ting
cong suat phat ctia tram dién gié va giam cong sudt phat
ctia tram diesel nho phan diéu chinh theo sai léch cong
sudt. Khi tan sé trén ludi c6 bién déng khong qua 16n,
thong qua phan diéu chinh theo tan sO s€ uu tién tang
cong suat tram dién gi6 va giam cong suit tram diesel. Cu
thé, viéc thay d6i cho ting may phat duoc dinh hudng
nho khéi phan ph01 cong sudt duoc thé hién trén Hinh 6.
Khi lugng cong suit diéu chinh lién tuc ndm ngoai gidi
han tif Pregmin dén Pregmax thi sau mot khoang thoi gian, At
s€ thuc hién qud trinh huy dong thém may phat hoac giam
méy phat. Cu thé, qua trinh huy dong thém may phat hoic
giam may phat dugc diéu khién nho khdi huy dong may &
Hinh 5. Khi tan s§ co bién déng 16n hon gidi han cho
phép (Afep) thi b6 sung phan diéu chinh tac dong truc tiép
vao cong suit tram diesel trén so dd Hinh 3.

4. Két qua va thao luin

4.1. M6 phéng qud trinh diéu khién chung cho ci h¢
thong

He thong phat duan hon hop gio diesel trong luoi co lap mTM (ou) ECaLs .
hong co thiet bi phu tro
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Hinh 9. M6 hinh hé théng hon hop gié - diesel
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l |
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Hinh 10. Biéu do toc d6 gi6 trong mé phong

N (may) Nw Nds

O —=Nwh
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Thz#+gian (s)

Hinh 11. S6 lwong mdy phat tham gia vdn hanh
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Hinh 14. Biéu dé biéu dién ty 1é phat cong sudt tic dung ciia
hai tram dién
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Hinh 15. Biéu do tan sé trén luéi

Trong md phong qué trinh diéu khién chung cho ca hé
thong, tdc d¢ gio bién dbi theo ham ngiu nhién co toc do
trung binh khoang 9 m/s, su dao dong duogc trung binh
hoa trong mot khoang thoi gian 2s dugc thé hién trén
Hinh 10. Viéc lya chon nay nhim muc dich dé cac két
qua mo phong thé hién rd hon qua trinh diéu khién bam
theo phu tai va 6n dinh tan sé theo xu huéng téi da hoa
kha néng phat dién cua tram di¢n gi6. Cac md phdng vdi
tbc do gi6 dao dong manh thi céu trac diéu khién da dé
xudt hoan toan dap ung t6t, tuy nhién két qua bi anh
hudng manh cua dao dong nay (s€ trinh bay ¢ muc 4.2).

Trén Hinh 12 xut hién mot s6 diém nhip nhay vé cong
suét do hién twong huy dong thém hodc cit giam may phat
trong hai tram dién (nhu Hinh 11). Cac dao dong vé tan so
ciing xay ra vao thoi diém nay (Hinh 15). Khi d6, hé thong
diéu khién chung s& diéu chinh dé cong suit cic may tham
gia van hanh trong ving gi6i han ctia mdi may. Sau do,
thuat toan diéu khién s& diéu chinh dé cac may phat dién
diesel bam lay mic cong suat thap nhét, cac tuabin gi6 bam
theo mirc cong sudt cao nhat co thé.

Trong qua trinh van hanh, cac tuabin gié dugc huy
dong voi s0 lugng nhiéu nhat c6 thé. Ngugc lai, huy dong
sO mdy phat trong tram dién diesel it nhat ¢6 thé dé vira du
dam bao du trit quay va cung cép cong suét phan khang.

Trong qua trinh khoi dong, tuabin gié st dung may
phat khong dong bo ngudn kép nhan nhidu cong suat phan
khang dé thanh 1ap dién ap (nhu Hinh 13). Tuy nhién,
trong qué trinh lam viéc thi cac may phat nay c6 thé phat

bd sung cong suit phan khang, con tram dién diesel dong
vai tro chinh trong viéc phat cong suat phan khang.

Két qua khao sat cho thdy muc tham nhap dién gié
trung binh khoang 80 %P (nhu Hinh 14). V6i mirc tham
nhap nay, chi tiéu v& chat lugng tan s6 hoan toan tot so
v6i tiéu chuan van hanh hién nay (nhu Hinh 15).

4.2. Ap dung cho hé théng phdt dién hén hop gié —
diesel trén ddo Phu Quy
V (m/s)
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Hinh 16. Biéu dé téc dg gi6 trén dao Phii Quy ngay 13/7/2014
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Hinh 17. S6 lwong mady phat tham gia van hanh
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Hinh 18. Biéu do cong sudt du triv quay trong hé thong
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Hinh 19. Biéu do phdt cong sudt tac dung ciia hai tram dién
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Hinh 20. Biéu do phat cong sudt phan khdng cia hai tram dién
| —— PP — PP

P /P, P /P (%)

Thzt—glan (glza
Hinh 21. Biéu do biéu dién ty Ié phdt cong sudt tac dung
cua hai tram dién
Viéc 4p dung cu triic diéu khién da dé xuét cho hé
théng phat dién hdn hop trén dao Phu Quy dugc thuc hién
VO ngay dién hinh - ngay 13/7/2014. Biéu db phu tai thye
té trong ngay thé hién trén Hinh 19 tuong tu voi rat nhidu
ngay trong mua nang noéng, mua co phu tai cao nhét. Tdc
do gi6 duoc lua chon trong thang nay khong phai thang co
toc do gi6 tot. Biéu do gio tuc thoi trong ngay 13/7/2014
dugc do trén Hinh 16 ¢6 gi tri trung binh gan véi tbe do
gi6 trung binh trong nam trén dao (khoang 9 m/s [3]).
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Cong suét tram dién gi6 c6 thé nhan dwoc tir ngudn
nang lugng gio thong qua cac tuabin gi6 dang van hanh
bang luong cong suat thuc phat Py (trén Hinh 19) cong
vOi du trir quay cua tram dién gi6 Pap1 (Papi=Pap-Papo, trén
Hinh 18). C6 thé thiy rang hé thong didu khién da khai
thac gan hét kha niang phat dién cia tram dién gié vao
nhing gid c6 téc d6 gio khong qua 9 m/s. Trong thoi gian
nay toan bo du trit quay ctia hé thong do tram dién diesel
dap ung. Con vao cac gio nang lugng gid thira so vdi nhu
cau phu tai (trudc 3 gio, tir 7 gio dén 9 gid, sau 21 gio) thi
chi van hanh m6t may phat dién diesel dé dam bao mirc
dy trit quay t0i thiéu. Riéng truong hop tir 20 gior dén 21
gio cung thira nang lwong gio, nhung khong thé cit giam
s0 may phat dién diesel xuéng con mét may vi nhu cau
cong sut phan khang cua phu tai 16n (Hinh 20).

Tir két qua khao sat cho tha‘iy, vao thoi diém gi6 co toc
dd cao, tram dién gi6 cung cap phan 16n cong suit cho
phu tai, chi phai huy dong cong suét tir tram diesel nhleu
vao thoi diém gié thap (Hinh 19). Vao cac gid gié co toc
dd cao cac may phat diesel chi van hanh & mirc cong suét
tdi thiéu & tiéu thu it nhién ligu diesel nhat co thé.

Vao thoi diém sau 23 gio vi phu tai giam thap, mic
du gio co tbc d6 cao, nhung phai cit giam sb tuabin gio
xudng con mot tuabin van hanh chung véi mot may phat
trong tram dién diesel (Hinh 17). Trong truong hop nay
khong thé tam ngimg van hanh tram dién diesel vi mot s6
1y do sau: cdc may phat dién diesel dugc trang bi & day cod
chire ndng thich Gng vé6i su thay di cua phu tai tbt, trong
khi cac tuabin gi6 thi ngugc lai vi ¢6 quan tinh lon; tram
dién diesel dugc van hanh dé dam bao du trir quay tdi
thiéu cho hé thong va dam nhiém vai tro chinh trong viéc
cung cép cong suat phan khang cho phu tai vi khong ¢
thiét bj bu trén ludi. Vao thoi diém trude 3 gio cling van
hanh tuong ty.

Nhin chung, két qua khao sat cho thdy mirc thim nhap
dién gi6 trung binh khoang 80% P; nhu trén Hinh 21. Theo
két qua khao sat ngay 13/7/2014, tram dién gi6 cung cip
79.88 % tong dién ning tiéu thy ca dao. Trong khi d6 theo
) liéu thuc té cung ngay, tram dién diesel da phat 82.3 %
tong dién nang ti€u thu trén dao. Pay 1a moét loi ich dang
ké, néu ap dung giai phap bai bao da dé xuit vao thyc té.

5. Két luan
Bai béo da xdy dung thudt toan va céu trac diéu khién
chung cho h¢ thong phat dién hon hop gié — diesel khong

¢6 thiét bi phu trg. Céu trac nay diéu chinh hé théng theo
hudng khai thac t6i da kha ning cua tram dién gié, ma
van théa min cac diéu kién van hanh.

Két qua nghién ctru véi ddi twgng 1a hé thong phat
dién hdn hop gio — diesel & dao Phu Quy cho thy, mirc
tham nhdp dién gi6 trung binh khoang 80% P;. Nhu viy,
van hanh nho cdu tric diéu khién da dé xuét s t6i da hoa
loi ich kinh té cua hé thong.

Hudng nghién ctru tiép theo 14 trién khai ing dung cu
thé cu truc diéu khién da dé xuét cho ludi dién trén dao
Pht Quy nham khai thac t6i da hiéu qua cua hé thong da
lap dit & day. Piéu nay cho phép khuyen nghi st cau tric
diéu khién nay cho qua trinh diéu khién toan hé thong hdn
hop gio — diesel trong ludi c6 1ap tuong tur nhim tan dung
t6i da ngudn ning luong gid.
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