96

Dwong Minh Quan, Hoang Diing, Nguyén Dirc Anh

SO SANH ON PINH QUA PQ CUA HE THONG MAY PHAT TUABIN GIO
CO TOC PO KHONG POI VA HE THONG MAY PHAT TUABIN GIO
CO TOC PO THAY POI GIOI HAN
A COMPARISON OF TRANSIENT STABILITY BETWEEN FIXED AND LIMITED
VARIABLE-SPEED INDUCTION GENERATOR BASED WIND TURBINES

Dwong Minh Quén?, Hoang Diing?, Nguyén Dirc Anh’

YTruong Pai hoc Bdch khoa - Dai hoc Ba Nang; dmquan@dut.udn.vn, ngducanhdn@gmail.com
2Trwong Cao dang Céng nghé - Pai hoc Da Nang; hdung@dct.udn.vn

Tém tat - V&i nhu cau st dung dién nang ngay mét tang cao va cac
nguon nhién liéu hoa thach ngay cang can kigt doi hdi phai c6 cac
giai phap thay thé. Vi thé, viéc phat trién cac ngudn nang lvong tai
tao I& mét trong nhiing gidi phéap hang dau hién nay. Trong s do,
ngudn nang luvong gioé c6 tbc d phat trién nhanh nhét, co thé tré
thanh nguon néng lweng chd dao trong twong lai. Tuy nhién, khi hoa
lwdi, cac nguon dién gi6 st dung may phat co tdc d khong thay déi
lai ndy sinh nhiéu van dé lién quan dén 6n dinh. Bai bao nay khao
sat hoat dong cla hai hé thong may phét dién gi6 co tdc do khéng
ddi (FSIG) va co tbc do thay dbi gidi han (LVSIG) béng phan mém
ETAP vé6i su cb gid dinh 1a ngén mach ba pha. Cac két qua mo
phong cho théy hé thong LVSIG c6 nhidu wu diém vuot trdi, 1a
phwong an thay thé hiru hiéu cho hé thong FSIG, nho vao kha nang
van hanh & nhiéu téc dé gié khac nhau va phuc hdi tét sau sw cé.

T khéa - ndng lwong tai tao; tuabin gié; may phat cdm tng c6 t(f)c
dd khong ddi; may phat cdm tng co toc do thay ddi gi¢i han; ngén
mach.

1. Dit van dé

Nang luong gid la mot trong nhimg nguon nang lugng
day htra hen va tiém ning dé dap ung nhu cau dién ngay
mot tdng cao. Theo Hiép hdi Nang lugng gioé toan cau
(GWEC), téng cong suat ciia nang lugng gio duoc lap dat
trén thé gidi 1én dén gan 487 GW, véi khoang 55GW duoc
lap ddt méi trong nam 2016. Trung Qudc, My, Pirc tiép tuc
dan dau vé tong cong suat duoc lap dat, lan lugt chiém ti
trong 34,7%, 16,9%, 10,3% téng cong Suat dién gio thé
gidi. GWEC ciing dy doan ring s& c6 khoang 60 GW duoc
lap dat thém trong nam 2017, hudng t6i tong cong suat
duoc 1ap dat trén thé gidi dat 800 GW vao nam 2021. Tuy
nhién, viéc hoa lu6i ning luong gio lai nay sinh cac van dé
anh huong t6i chit lwong va do tin cdy cua hé théng dién.
Ning lugng gi6 véi gia thanh ngay mot ré, hidu suat cao,
dang tin cay hon so véi trude ddy nhung yéu cu vé chat
hro‘ng dién ngay mot tang cao doi hoi sy quan tdim nhiéu
hon vé viéc phét trién cong nghé cho cac trang trai gio.
Nhiéu nghién cltu trong qua khir da duoc thyuc hién nhim
giai quyét cac Van dé néu trén. Trong tai lidu [1], nhém
nghién ctru da tién hanh mé hinh hoa viéc tich hop ning
lwong gi6 cling nhu danh gia 6n dinh quéa do trén hé thong
thtr nghiém IEEE 14BUS nhim Iya chon may phat phu hop
voi ludi dién. Ciing trong tai liéu [2], nhom tac gia d tién
hanh khéao sét hai loai may phat tuabin gié duogc su dung
phd bién trong nhitng nim gan day nhim chi ra uu nhugc
diém clia tirng loai may phat. Tai liéu tham khao [3] nghién
clru vé bo diéu khién goc pitch cia may phat tuabin gio
bang b didu khién lai giita PI va mo. Diéu khién goc pitch
1a mot trong nhitng phuong phap pho bién dé dicu khién

Abstract - Increasing demand for electricity and exhausted fossil
fuel resources require alternative solutions. Currently, the
development of renewable energy sources is one of the leading
solutions. In particular, wind power has the fastest growth rate and
may become a major source of energy in the future. However,
integrating the Fixed-Speed Induction Generators (FSIG) to grid
causes stability problems. This article explores the capabilities and
characteristics of FSIG and Limited Variable-Speed Induction
Generator (LVSIG) based wind turbines by using ETAP software.
It is assumed that the event is a three-phase short-circuit. The
simulated results show that the LVSIG system has many
outstanding advantages and is an alternative solution to the FSIG,
due to its ability to operate at different wind speeds and recover
well after faults.
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cong suat ddu ra cua tuabin gi6 c6 toc do khong doi.

Céc may phat nang lugng gi6 phai dam bao yéu cau vé
6n dinh khi ndi ludi dé dap tng nhu cau phy tai va ning
cao chat lugng dién nang. Chinh vi vay, viéc nghién ctru
phat trién cac may phat tuabin gi6 rat cn thiét trong giai
doan hién nay. Nghién ctru nay khao sat kha nang van hanh
ctia 2 loai hé théng may phat tuabin gid FSIG (fixed- speed
induction generator) van hanh & toc do rotor co dinh, phu
thudc vao tin s6 ctia ngudn cung cap, ti s6 truyén dong va
ciu tric ctia may phat; LVSIG (limited variable-speed
induction generator) 1 phién ban cai tién ctia FSIG, c6 kha
nang van hanh & nhiéu téc do gi6 khac nhau. Hai hé thong
déu 12 may phat cam tmg khong ddng bd va cho hidu suét
cao nhat & toc do gio trung binh tir 5-12 m/s [4].

No6i dung nghién ctru trinh bay khai quat kha nang khai
thac nang lugng gi6 va hé thong may phat sir dung trong
mo phong. Thong qua viéc sir dung phan mém ETAP voi
cac cong cu hd trg m6 phong hoat dong, su ¢d, kha ning
phuc hoi sau sy cb... clia hai hé théng may phat tuabin gié
ké trén, cac két qua mé phong dugc phan tich va danh gia
mdt cach ki ludng. Dua vao két qua do, tac gia dua ra két
luan v& loai may phat tuabin gi6 c6 dap tmg tot hon khi két
n6i dén hé thong dién.

2. Téng quan vé ning lwgng gi6 [5]

Pong niang gid 1a mot ham cua tée d6 va khdi luong
khong khi di chuyén. Tdc d6 gi6 cang cao thi dong ning
gi6 cang 16n. Mbi quan hé giita khdi lugng, toc do khong
khi va dong ning gié dugc thé hién boi phuong trinh dong
ning KE (Kinetic Energy, J) ctia khdi khi ¢6 khdi lvgng m
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(kg) di chuyén v&i van toc v (m/s):
KE = 1mv2 )
Cong sut co nhén dugc Py (W) cua mot khéi khi di

chuyen v6i van toe v qua mot dién tich A vudng goc voi
chiéu vén tbc trong thoi gian t (s) dugc tinh nhu sau:

KE 1
R, =—=_Zv? (W) 2)
Ma

= = pAv ®3)

voi p (kg/m®) 1a khdi luong riéng cta khong khi (tai diém
c6 nhiét d6 15°C va ap suat khi quyén 1a 1 atm thi p=1,225
kg/m?3).
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Hinh 1. Puong cong cong sudt gié ciia mot tuabin gio dién hinh

Vi tuabin gi6 truc ding thi dién tich A = 2DH /3,
trong d6 D 1a bé ngang 16n nhat va H 1a chiéu cao cua ving
canh quat.

V6i tuabin truc ngang thi A = nR? véi R 1a ban kinh
canh quat.

Vi nang luong ty 18 bac 3 vdi tc d6 gié nén can phai
dg_?lc biét quan tdm dén vi tri dat tuabin dé thu duogc gié ¢
toc do 16n.

3. May phit di¢n c6 tdc d cb dinh va thay ddi giéi han
dung trong hé thong phat dién sir dung niang lugng gio
3.1. Mdy phdt cim teng vin toc cé dinh (FSIG)

My phat .
FSIG Khéa dong cat

L

B khéi dng mém
Bé tubi

My hién ap

Luwsi dién

Hinh 2. So d6 khéi ciia FSIG
May phat tuabin gi6 loai nay c6 téc do truc truyén dong
1a cb dinh, st dung loai may phat dién khong dﬁ)ng bo rotor
long soc (SCIG) va duoge két ndi truc tiép vao ludi dién
thong qua may bién 4 ap dugc mo ta theo Hlnh 2. FSIG dugc
thiét ké dé dat hiéu suit cao nhat & mot tbe do gio c¢b dinh,
chi hoat dong dugc trong ving hep xung quanh téc d6 dong

bd va can ddng bd. Vi kha ning van hanh ¢ tc d6 cb dinh
nén may phét nay c6 tan so du ra ludn 6n dinh [7]. M
hinh nay doi hoi phai lip h¢ thong bi mot lugng cong suét
phan khéng dé giam viéc tiéu thu cong suat phan khang tir
luéi dién. M6 hinh nay ¢ két cdu rat don gian va tin ciy
nhung khong cho phép diéu khién tich cuc dé thu ning
luong toi da va tbc do cia may phat phu thugc hoan toan
vao tan sd va cong sudt cua ludi dién. Ngoai hiéu suat
chuyén d6i thap, chat lwong diéu khién kém con c6 su bién
déng clia cong suat tac dung va phan khang. Loai tuabin
gi6 s dung mo6 hinh nay c6 thi phan ngay cang giam, chu
yéu 1a do chat lugng dién nang thap va hiéu suat khong cao.

3.2. My phdt cim ting cé toc dp thay doi gidi han (LVSIG)

e

My bién ap

My phit

Khéa déng
LVSIG

Bo tu ba it

=

B6 khéi dong mém.

Lusi dién

B4 bién trér

Hinh 3. So d6 khéi ciia LVSIG

Céu tric cia LVSIG dugc mo ta chi tiét nhu Hinh 3, str
dung may phat khong dong bo rotor day quan (WRIG). Day
quén rotor cam tng c6 thé dleu khién 13 diém cai tién so voi
FSIG. V6i kha ning thay dbi tbe d6 nho didu khién dién tro
rotor nén LVSIG c6 thé diéu khién duoc cong sut ra va bat
gi6 hiéu qua hon khoang 10%. Thong thuong, pham vi bién
dbi tdc do rotor trong khoang tir 0+10% so véi toe do dong
bd. Phén stato duge ndi ludi truc tiép. Hon nita, LVSIG giam
duoc cac ap luc co hoe do gid gay ra trén tuabin [8], [9].

4. Két qua md phéng
Hinh 4 cho thiy trai gi6 gia dinh duoc thiét ké bao gdm 2
hé thdng trang trai gi6 voi 16 may phét tuabin véi tong cong
suat 1a 32 MW, duoc chia ra 1am 2 trang trai gi6. Hé thong
trang trai gio 1 gdm 6 may cong suét tong 1a 12 MW va hé
thdng trang trai gi6 2 gdm 10 may phat v&i cong sudt tong 1a
20 MW. May phat tuabin gi6 két ndi dén BUS 0,69 kV va sau
do thong qua mdy tang ap 2,5 MVA dé dua 1én dién ap 22 kV.
Sau do, tiép tuc duoc nang Ién 110 kV nho vao 2 may bién ap
56 MVA. Céc thong sb cia hai hé théng médy phat va tuabin
gi6 duoc trinh bay 1an lugt & Bang 1 va Bang 2.
Bing 1. Théng s6 ciia mdy phdt dién

Théng sb FSIG LVSIG
Cong sudt dinh mirc (MW) 2 2
S cuc 4 4
Dién ap dinh murc (kV) 0,69 0,69
Téc d6 ddng bod (vong/phut) 1.500 1.500
Tén sb van hanh (Hz) 50 50
Dién tro day quén stato (Q) 2,78 2,78

Bing 2. Thong sé ciia tuabin gié

Théng sb FSIG LVSIG
Téc d6 gid ngudng vio (m/s) 4 4
Téc d6 gio6 ngudng ra (m/s) 14 14
Téc d6 gio dinh mirc (m/s) 10 10
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Mat do khong khi (kg/m?) 1.225 1.225
Puong kinh (m) 60 60
Dién tich ving quét (m?) 2.820 2.820

1

Busl
110 kW

Tl =
5€ MVR 5€ HMVA

Busz
ZZ KV

Bus3
ZZ WV

Bus4

Buss
Z2Z kW

ZZ WV

T2 T4
15 MVR 25 MVA

Buse€
0.€5 kV

Bus7

0.€3 kV
WIGE1 WIEZ
1Z MW Z0 MW

Hinh 4. So d6 ciia trang trai gié trong ETAP

Gia sir sy ¢6 ngin mach ba pha xay ra tai Bus1 & gidy thi
10 va duoc giai trir vao gidy thur 10,5 boi thlet bi bao vé. Vi
thoi gian xay ra su ¢b ngan nén ta coi nhu tdc do gio trong thoi
gian nay khong dbi va bang van toc gié dinh mirc 10 m/s.

Khi xay ra ngan mach ba pha & gidy thir 10, dién ap cua
FSIG sut xuong 0 kV. Lic giai trir su ¢ & glay 10,5 thi
dién ap hé thong bat du phuc hdi cham. O giay thu 12,
dién ap dot ngot d6i chiéu giam lién tuc gy mat 6n dinh.
FSIG trong truong hop nay chi hdi phuc duge dén khoang
0,5 kV rdi giam manh (Hinh 5).

Bus Vltage

0 1 1 3 4 5 ] 7 L 9 10 n n 13 4 15

Hinh 5. Dién dp ddu cuc mdy phat ciia hé thong FSIG
Tuong tu nhu FSIG, khi xay ra ngén mach, dién ap cua
LVSIG giam ngay xuong 0 kV. Sau khi giai trir sy ¢b &
gidy thir 10,5, hé thong hoi phuc nhanh. Hon nita, dién ap
cua hé théng hdi phuc hoan toan 100%, chi sau 0,12 giay,
khong gay mét 6n dinh dién ap (Hinh 6).

Bas Voltage

c 1 : 3 1 f & 1 § 3§ © m o1 B n B

Hinh 6. Pién dp ddu cwc mdy phat ciia hé thong LVSIG
Khi van hanh binh thudng, ca FSIG va LVSIG phat luong
cong suét tac dung 6n dinh 1a 2 MW. Khi xay ra sy cb, cong

suat ctia ca hai hé théng giam xudng 0 MW. Khi su ¢b dugce
giai trlr, LVSIG thé hién kha ning hdi phyc rat nhanh ciia
minh so v6i FSIG. FSIG hoat dong & toc do ¢b dinh va khong
¢6 kha ning diéu khién cong suét dau ra, trong khi do, LVSIG
dua vao viéc thay doi dién tro dé diéu khién toc do rotor nén
¢6 kha nang diéu khién cong suat dau ra (Hinh 7 va 8).

Bus Real Power Loading

Time Sec.)

Hinh 7. Céng sudt téc dung dau cwe may phat FSIG

Bus Real Power Loading

L] 1 2 3 ) H [ 7 ] ¢ 1 1 12 ] i\t 15

Hinh 8. Céng sudt tic dung dau cwc may phat LVSIG
Hinh 9 va 10 cho thay ¢ diéu kién lam viéc binh thuong,
ca FSIG va LVSIG déu lay tir lu6i 1,3 MVAr. Khi co su
cb, dién ap hé théng giam dan dén cong sudt cua hai méy
phat giam dén gan bang 0. Tuy nhién, do kha nang didu
khlen cong suit nén LVSIG cho thay kha nang héi phuc
gin nhu ngay lap tirc, con FSIG thi mét 6n dinh.

Bus Reactive Power Loading

—
3 4 5 6 T 8 0 W 1 1 13 1] 15

Time (Sec.)

Hinh 9. Céng sudt phan khéng déu cwc méy phdat FSIG

Bus Reactive Power Loading

1 2 3 4 5 6 7 H 9 0 11 12 13 14 15

Time (Sec.)
Hinh 10. Céng sudt phan khang dau cwc mdy phét LVSIG
5. Két luan

Heé thong FSIG ndi truc tiép véi ludi dong thoi ciing ldy
cong suat phan khang tr ludi dan dén mat 6n dinh dién ap
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trén ludi. Dé khic phuc diém yéu nay, cin c6 cac bién phap
bu pht hop nhu st dung SVC, STATCOM,... nhung ton
kém. LVSIG vdi cdu triic don gian, manh mé, higu suat bat
gi6 cao hon so véi FSIG. Ngoai ra, kha ning hoi phyc sau
su ¢d cuc ky t6t va mang tinh kinh té cao ciing gép phan
nang cao uu diém ctia loai may phat nay. R3 rang, hé thong
LVSIG c6 thé xem 1a mot trong nhitng sy luya chon thay thé
pht hop cho may phat FSIG.
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