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TOM TAT

May phét dién khéng déng bd 16ng séc c& nhé duoc dung phd bién trong céc hé théng dién gié
phén tan nho cau tric bén ving va chi phi béo tri thép Bénh gia chinh xac cong suat va anh huéng cua
théng so dong co Ia then chét dé ddm bdo hiéu qua khi néi lwéi truc tiép. Bai bao trinh bay di phén tich
théng sbé lam viéc cua may phat dién khéng déng bd ba pha cé nhd trong hé théng Tuabin dién g/o nbi
Iwéi trén méi trvong MATLAB/Simulink. M6 hinh nay cho phép khéo sat toan dién sw bién thién cia cac
théng s6 méy dién dén kha ndng phét céng suét tac dung va nhu céu céng suét phan khang. Két qua
nghién ctru cung cp céng cu mé phdng linh hoat, do tin cdy cao, tao co s& nén tang cho viéc thiét ké,
Iwra chon théng sé va téi wu héa van hanh tuabin gié c& nhé phén tan.

Twr khéa: Méy phéat dién khéng déng bd, nbi Iwdi truc tiép, dong cong suét, dién gié c& nhd,

MATLAB/Simulink.

1. DAT VAN BE

Trong bdi cdnh hwéng t&i muc tiéu phat thai
rong bang khong (Net Zero), viéc phat trién cac hé
théng dién gié phan tan quy mé nhé dang tré thanh
xu hwéng tat yéu [1], [2]. May phat dién khéng
ddng bd 16ng soc (SCIG) la Iwa chon t6i wu cho cac
&ng dung nay nhd cAu truc don gian, d6 bén co
khi cao va chi phi béo tri thap.

Khi ndi trwee tiép vao luéi dién ha ap, SCIG tiéu
thy céng suét phan khang to lwéi dé duy tri ti
trwdng va phat cong suat tadc dung vao hé théng
[3], [4]. Tuy nhién, dac tinh van hanh cta may phat
chiu anh huwéng manh béi sy bién thién lién tuc clia
tbc do gid, thong sb thiét ké va diéu kién lwai dién.
Diéu nay lam cho s phan bb dong cong suéat (tac
dung va phan khang) dién bién rat phirc tap Néu
khéng duwoc kiém soat tét, sy dao dong cua dong
cong suat s& gay mét 6n dinh dién ap va lam suy
gidm chét lwong dién nang cla lui [1].
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T nhirng rai ro trén, viéc xay dwng mot mé hinh
toan hoc va mdé phong chinh xac dong hoc cuta
SCIG nbi lwdi ha ap 1a mét yéu ciu cap thiét. Bai
bao nay trinh bay phwong phap mé hinh héa dé
khao sat chi tiét dac tinh dong cong suéat dwdi cac
kich ban van hanh khac nhau. Két qua nghién ctru
cung Cap thong tin gitp cac ky sw thiét ké, lwa chon
thong so va tdi wu héa van hanh, gép phan nang
cao tinh &n dinh cho cac hé thdng dién gié dan
dung [2].

2. PHUONG PHAP NGHIEN CcUU

Dé khao sat chinh xac dong coéng suét ciia may
phat dién khéng ddng b 16ng sé¢ c& nhé ndi lwdi,
nghién cru nay sr dung phwong phap mé hinh
héa toan hoc dwa trén ly thuyét may dién tbng quat
trong hé toa do cb dinh gan v&i stator (hé toa do a-
B) [5], [7]. Pay la cach tiép can kinh dién nhung
mang lai hiéu qua cao, cho phép biéu dién toan bd
cac dailwgng dién tir (dién ap, dong dién, tlr thOng)
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dwéi dang cac vector khéng gian hai pha vuc“)ng
goc, thay cho hé ba pha phtrc tap, nhé d6 don gian
hoéa dang ké cAu truc phwong trinh vi phan ma van
bao toan dwoc ban chét déng hoc cia may dién.

2.1. Mb hinh toan ctia may dién khéng dong bd
ba pha

Trong nghién ctru nay, moé hinh lién tuc cla
may dién khéng dong bod ba pha (MDKDB) sé dwoc
xay dwng dya trén ly thuyét vecto khong gian phirc
trong hé théng don vi twong dbi (perunit - pu) [1],
[6]. M6 hinh toan hoc dwoc mod ta bdi cac phwong
trinh (1)-(5) cia MDKDB trong hé toa dd toa do cb
dinh a-B.

Phwong trinh dién ap stato:

d . d .
Tn— sa = Usq —Islsa; Tn— sp = Usp —lslsp, 1
el N gp Wep = Usp ~Felsp (1)

Trong d6: Ty 1a hdng sbé thdi gian dién tir (s);
Wso, Wsp; Use, Uspisa»lsp thONg g |a cac thanh phan
tr thédng, dién ap va dong dién stator trong hé toa
dé a-B; rs la dién tré stator.

Phwong trinh dién ap réto:

d , d :
Tn— ro = Trlra — B Tn— B = —Trhp + OmWYra 2
NV OmVr; - T W b+ Oy (2)

a) b)

Trong do: Wrw, Wip;Ure,Up;ira i tPO'NG NG 1a cac
thanh phén tr thédng, dién ap va dong dién rotor
trong hé toa d6 a-B; r, la dién tré stator.

Phwong trinh dong ttr théng:

Xr XM | Xr Xm

ISOL =\|Isot__‘~|lra_y |s[i —\IISB__\VrB_
Xs Xwm | Xs Xm
\Vra__\Vsa_y |r[i —WrB__Ws[SW

& day w = XX, —X&, trong dé Xu,Xs,X, tong
rng la dién khang tr héa, dién khang tan stator va
rotor. .

Phwong trinh chuyén dong:

S0n = 2y =gl )-m.] 4)

Trong d6: Ty 1a hang sb thoi gian co hoc (s);
omVa m_ 13 tan sb géc va md men quay cla truc.

Co6ng suét tdc dung va cong suat phan khang
1]

i P = Usgise + Uspisp

Q = Usalsa

(5)

- Usﬁisﬁ

M&i quan hé dugc md ta bdi cac biéu thirc (1)
- (5) c6 thé duoc bieu dien trong so' d6 khoi nhw
thé hién trong Hinh 1.

STATOR

ROTOR

Hinh 1. (a) Hé toa dd c6 dinh stator a-B; (b) So dé khéi cia MPKDB trong hé toa dé a-
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2.2. M6 hinh mé phéng may dién khéng dong
bo ba pha

Trén co s& mé hinh toan hoc da xay dwng, toan
bd hé théng dwoc trién khai trén nén tang
Matlab/Simulink. M& hinh Simulink trong Hinh 2
bao gdm khéi tinh toan cac ‘phuong trinh dién ap,
khoi tich phan tir thong, khdi tinh md men va khoi
giao dién vé&i lwei dién. Ky thuat giai sb sty dung bd
tinh toan ode1 [Solve ode1 (Euler)] v&i bwéce tinh

c¢6 dinh d&m bao do chinh xac va n dinh trong toan
bd dai van tdc khao sat [8], [9]. M6 hinh nay cho
phép thay ddi linh hoat cac théng so dau vao nhw
tbc do quay rotor, dién ap lwdi, tan s va cac tham
sb thiét ké ciia may (dién tré, dién cdm stator va
rotor), tao diéu kién thuan lgi cho viéc danh gia anh
hudng cla tirng yéu té6 dén dac tinh dong cong
suét, tr d6 rat ra cac két luan dinh lwong phuc vu
cong tac thiét k& va van hanh hé théng dién gio.

Mb hinh MBKBB - [pu]
4 ABC e af el
u / / M
B(3) > /
w8 I
/ | ABC
D — \ i /
- . N /—'Q—‘
—
xmiw
psir_ab -
6 M i
J I ? sa’ sp
t is_ab
psir_bet: »| y—
irﬂ
Omega xslw .@
Y alph3
» xmiw
" (D /
ML
me
m (3

. wsu' wsB
\ ©
‘ . psis_a_b

Hinh 2. Mé hinh Matlab Simulink cia MDKDB trong hé don vi twong déi [pu]

3. KET QUA VA THAO LUAN

Tt mo hinh mé phdng trong Hinh 2, nhdm tac
gid str dung may dién khong dong bé rotor [ong séc

théng dung (ma Sg 100L-4B clia hang Cantoni) dé&
khado sat cong suat may phat khi thay dbi cac théng
sb ctia may dién. Théng s dinh mic va théng sb
twong déi clia may dién dwoc cho trong Bang 1.

Bang 1. Thong s6 ky thuat cia may dién khéng dong bd Sg 100L-4B

T Théng s6 dinh murc Gia tri Don vi Gia tri twong déi [pu]
1 Sé pha 3

2 Céng suét 3000 W

3 Dién ap 400 \Y

4 Dong dién 4 A

5 Tan sb 50 Hz

6 S ddi cuc 2

7 Tbc do 1415 v/ph

8 M&-men 20,46 Nm
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T Théng s6 dinh murc Gia tri Pon vi Gia tri twong d6i [pu]
9 Dién tré stator (Rs) 7.073 Q 0.0707

10 Dién khang tan stator (Xss) 9.8018 Q 0.0980

11 bién tré rotor (Ry) 6.372 Q 0.0637

12 Dién khang tan rotor (Xx) 9.8018 Q 0.0980

13 Dién khang ttr hoa (Xm) 187.8044 Q 1.8780

3.1. Khao sat cong suat khi thay d6i mé men dit
Ién truc may phat

O trang thai xac 1ap, md men dién t& xap xi
b&ng mé men co hoc (m. ), phan anh sw can bang
dong lwc hoc cta hé théng. Két quéd md phdng
dwoc trinh bay trong Hinh 3.

M6 men tai m,

m,_p.u]

0 0.5 1 1.5
Theoi gian (s)

Trén Hinh 4 trinh bay k&t qua mé phéng vé cac
dang cong suét va hiéu suat phu thudéc vao mé men
trén truc may phat. Khimé men m_ tang, may phat
diéu chinh hé sb truwot d& dap ng, dan dén dong
dién rotor va stator déu tang, tao nén sy gia téng
tuyén tinh ctia cong suét co P, , cong suét tac
dung P, va cong suét phan khang Q..

M6 men dién twr m,

m_ [p.u]

1.5
Thei gian (s)

Hinh 3. Sw twong quan giira mé men co va mé men dién tiv

Hiéu suat dat cwc dai (90,2 %) tai 0.6m la
hoan toan phu hop véi ly thuyét thiét ké may dién.
O dai tai thdp (0.2my ), tdn hao sét tr va ma sat
chiém ty trong I1&n 1am hiéu suét sut giam xubng 86
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%. Nguwoc lai, & vang day tai, ton hao dbng ting
nhanh theo binh phwong dong dién gay suy giam
hiéu suat, xac nhan quy luat t&i wu hoa diém lam
viéc clla may dién.
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Céng sudtco P Céng suét tac dung P _
0 0
T -02f = -0.2
= m, =0.2%m, \ 5 Lt
o -04f M. T 0 Em \ o’ 04 - \
m, = 0.6%m, .
m, = 0.8"m, .
06T m_=1.0°m,, -0.6
0 0.5 1 1.5 0 0.5 1 1.5
Thdri gian (s) Thdri gian (s)
Céng suat phan khang Q e Hiéu suat 5 =100"P /P
0.65 T T v T
06 90
E 0.9 E 88 my, =0.2%m,,
o 05 &= m, = 0.4*m,,,
a6 m_=D'E‘m_‘~I
045 m_=D'3‘m_‘~l
m,_=10%m_,
0.4 a4
0 0.5 1 1.5 0 0.5 1 1.5

Thiri gian (s)

Thiri gian (s)

Hinh 4. Sw phu thudc cta céng suat va hiéu suat vao mé men quay trén truc

3.2. Khao sat sw thay d6i dién tré rotor

Két qua khao sat trong Hinh 5 cho thay sy thay
ddi +30% dién tré rotor xung quanh gia tri dinh
mic Ry chi gay dao déng nhé (dwéi £1 %) trong

Céng suatco P
m

0 R, =0.7'R
R, =0.85"R
R, =1.0'R
T 0.2y R, = 1.15"R
= R =1.3*R
r : N
n.E -0.4
-0.6
0 0.5 1 1.5
Thei gian (s)
Coéng suat phan khang Q,
0.625 T T .
0.62
S 0.615
& Rr = 0'7*RrN
o® 061 R, =0.85R,
R, = 1.0°R
0.605 R =1.15"R
R, =1.3'R
0.6 . -
0 0.5 1 1.5
Thei gian (s)

d&c tinh dong céng suét, vi R, chi yéu anh hwéng
dén dd doc dac tinh co va tdn hao nhiét trén rotor.
Khi gidm R, & ché do tai dinh mac, do trwot giam,
kéo theo tén hao nhiét trén mach rotor giam, qua
d6 nang cao hiéu suat téng thé.

Cong suat tac dung P,

0
= -0.2
=
o’ -0.4
-0.6
0 0.5 1 1.5
Thei gian (s)
Hiéu suéat 5 = 100*P _/P
e m
91 T T .
90
— 89
= R, = 0.7*R
= gg R, = 0.85°R
R, = 1.0°R
87 R, =1.15'R
R, = 1.3'R
86 ' '
0 0.5 1 1.5
Thei gian (s)

Hinh 5. Sw phu thudc ctia cong suéat va hiéu suat vao dién tré rotor
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3.3. Khao sat sw thay déi dién tré stator

Két qua mé phdng trong Hinh 6 cho thay, viéc thay ddi dién tré stator (+30% Rq) tac dong truc tiép

dén tén hao ddng phia stator.

Cong suatco P

Ry =0.7"Ry

0 4
R, = 0.85R
R, = 1.0°R
T 02 R =1.15R | |
= R.=1.3R
S : sN

mE -0.4

-0.6

0 0.5 1 1.5
Thei gian (s)
Cong suat phan khang Q_
0.63
R =0.7"R
R, =0.85R

_ 062 R = 1.0R
5 R = 1.15R
Q- - *
. R, = 1.3'Ry,

0.61

0.6 : : :
0 0.5 1 1.5
Thei gian (s)

Cong suat tic dung P,

Ry =0.7"Ry

0 4
R, =0.85'R
R, = 1.0°R,
E) 0.2 R, =1.15R | |
Ew R, = 1.3°Ry,
o -04
-0.6
0 0.5 1 1.5
Thei gian (s)
Hiéu suat n = 100*P /P
92 .

;

g R, =0.7"Ry \ M
= 88 R, =0.85'R 1
R, =1.0R \'M\Am——i
R_=1.15'R \ MM"
86 L s X sN =
R = 1.3"Ry,
0 0.5 1 1.5
Thei gian (s)

Hinh 6. Sy phu thudc ctia céng suat va hiéu suat vao dién tré stator

Bién do dao dong cla cac dai lwgng cong suat
trong khodng 1,5 % cho thay théng sb mach stator
c6 do nhay cao hon so v&i mach rotor trong qua
trinh trao dbi nang lwong voi lwdi. Hiéu suat ty lé
nghich v&i R, la hé qua tat yéu, vi dién trd stator
gidm gilp gidm thiéu cdng suét tiéu hao nhiét
nang.

3.4. Khao sat sw thay déi dién khang tir hoa

Dién khang tir héa (X, ) dac trung cho kha
nang tao tlr théng cGia mach tir. Két qua mé phéng

m SO 4 - 2026

trong Hinh 7 cho thay, khi thay di dién khang tir
héa (+£30% Xm ), cOng suét tac dung (P.) bién
dong khoang +2 % xung quanh gia tri dinh mdc
twong tw khi thay déi dién trd stator. Tuy nhién, X,
c6 vai trd quyét dinh dbi véi nhu cau bu céng suét
phan khang: khi X, giam, tr tr& mach tw tang,
dong tir hoéa tang, lam Q. tang cao va nguorc lai.
Sw tdng X, gilp gidm dang ké dong tir hda va tén
hao dong lién quan, t6i wu hé s cong suat va cai
thién hiéu suat van hanh.
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Cong suatco P
m

0 X, =07
X, =0.85°X
X, = 1.0
El -0.2 X, = 115X
= X =1.3"X
m . mN
ot -04
-0.6
0 0.5 1 1.5
Th&i gian (s)
Cong suat phan khang Q_
0.9 : :

S
d

) 0.5 1 15
Thei gian (s)

Cong suat tac dung P

0
= -0.2
S
o’ -04
-0.6
0 0.5 1 1.5
Thei gian (s)
Hiéu suét 5 = 100*P_/P
e m
92
90
g 88 X, =0.7° |
= X, =0.85"X —\M"“__
X, = 1.0 |
86 1 X, =115
X, =1.3% [ JV'
84 - -
0 0.5 1 1.5
Thei gian (s)

Hinh 7. Sy phu thudc clia céng suat va hiéu suat vao dién khang tir héa

4. KET LUAN

> Khi gidm dién tré rotor va stator co thé tang
hiéu suat khodng +1 % dén 1,5 %, tuy nhién coéng
suéat phan khang tiéu thu gan nhw khdng dbi so voi
gia tri dinh mdrc;

> Khi tang hd cam (dién khang tlr héa) co anh
hwéng tich cwc, d6 1a tang cong suét tac dung
(khoadng 1 %) nhwng gidm dang ké cong suéat phan
khang (khoang 20 %) so v&i gia tri dinh murc;

TAI LIEU THAM KHAO

> V&i may dién cé san, khi van hanh can chua
y lam mat dé tranh ting nhiét dan dén tang dién tr&
va gidm hiéu suét;

> Khi thiét k& may phat, dé dat hiéu suét cao
can lya chon két ciu, kich thwdc va vat lieu dé
déng thoi cd dwoc dién tré la nhdé nhat va dién
khang I&n nhat co thé O
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ABSTRACT

Small-scale squirrel-cage induction generators are widely used in distributed wind power systems due
to their robust structure and low maintenance costs. Accurately evaluating power flow and the impact of
machine parameters is crucial for ensuring efficiency during direct grid connection. This paper presents a
simulation model of a small-scale grid-tied three-phase induction generator developed in
MATLAB/Simulink. The model enables a comprehensive investigation into how variations in machine
parameters affect active power generation and reactive power demand. The outcomes provide a flexible
and highly reliable simulation tool, establishing a critical foundation for the design, parameter selection,
and operational optimization of small-scale distributed wind turbines.

Keywords: Induction generator, Direct grid connection, Power flow, Small-scale wind power,
MATLAB/Simulink.
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