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TOM TAT

B¢ diéu khién trugt cong suat hiéu dung va cong suat phan khang may phat dién gi6
ngudn kép duge dé xuit trong nghién ciru nay. Day 1a loai may dién ba pha khong dong bo
v6i cudn day rotor ho ¢ thé duoc cip dién bang dién ap bén ngoai va duoc sir dung rong
rai trong céc linh vuc cong suét cao. Bo diéu khién truot duge thiét ké dé dam bao cong
suat thyc té ciia may phat dién ngudn kép bam theo cong suit mong mudn trong thoi gian
hiru han va giam hién tuong dao dong tan sd cao quanh mat truot. Tinh on dinh cua hé
thong duge chig minh bang 1y thuyét Lyapunov. Cac két qua md phong véi MATLAB/
Simulink cho thay hiéu qua cua bd diéu khién dé xuat véi do vot 16 1a 0(%), thoi gian ting
ctia cong suat hiéu dung va cong suat phan khang dat 0.0085(s) va 0.0051(s) twong tng,
thoi gian xac 1ap 1 0.0108(s) va 0.0126(s), sai s6 xac 1ap hoi tu vé 0.

Tir khéa: Diéu khién truot, chattering, cong suat, DFIG, MATLAB/Simulink
ABSTRACT

An active and reactive power sliding mode control for a doubly fed induction
generator (DFIG) is proposed in this paper. The DFIG is an asynchronous three-phase
electrical machine with open rotor windings which can be fed by external voltages and
widely used in high power fields. The sliding mode control is designed to ensure that
the actual power of the DFIG follows the desired power in a finite time and reduces the
chattering phenomenon around the sliding surface. The stability of the system is proven
by Lyapunov's theory. Simulation results in MATLAB/Simulink show the effectiveness
of the proposed controller without the overshoot is 0(%), the rising time of the active
and reactive power achieves 0.0085(s) and 0.0051(s) respectively, the settling time is
0.0108(s) and 0.0126(s), and the setting error converges to (.

Keywords: Sliding mode control, chattering, power, DFIG, MATLAB/Simulink
1. GIOI THIEU day rotor hd co thé duoc cép dién bang
dién 4p bén ngoai va dugc st dung rong rai

May phat dién gi6 ngudn kép (DFIG /
7P 1 B0 NEY P ) trong cac linh vuc cong suat cao nho nhirng

1a may dién ba pha khong dong bo véi cudn

TRUGONG BAIHOC SU PHAM KY THUAT VINH LONG 1 0 5




JOUI”I’ICII ol( Science - \/ L U T E

vu diém khéac nhau cia n6 nhu: giam kich
thudc ciia bo chuyén ddi, hoat dong trong
khoang thay ddi tc d6 16n va kha ning
didu khién doc lap gitra cong suét hiéu
dung va phan khang dugc tao ra [1]. Hién
tai, c6 nhiéu nghién ctru da dugc cong bd
v6i sy da dang trong viéc diéu khién DFIG,
tiéu biéu nhu: diéu khién truot [1], tuyén
tinh héa [2], diéu khién trugt véi luat tiép
can ham mii nhanh [3], diéu khién trugt mo
[4], diéu khién PID-GA MPPT cai tién [5],
diéu khién truot thich nghi [6], diéu khién
trugt bac mot va bac cao [7], cai tién diéu
khién cong suat truc tiép [8], phan tich
vector diéu khién [9], diéu khién truot va
thuat toan Super Twisting [10].

Diéu khién truot (SMC) dat duoc kha
ning diéu khién bén viing bang cach thém
tin hiéu diéu khién khong lién tuc qua mat
truot, thoa man diéu kién trugt [11]. Tuy
nhién, d6i v6i bién do cua luat diéu khién
truot néu khong dugc Iya chon phu hop s&
gdy ra hién tuong dao dong [12], [13]. Hién
tuong dao dong do sy khong hoan hao va
cham tré thoi gian trong chuyén mach,
do thiét bi truyén dong hang sb thoi gian
nho, cdc mach cong suat dé bi qua nhiét
dan dén hu hong [13]. Bé khac phuc nhuogc
diém nay va cai thién higu suat, nghién ctru
dé xuat kiém ching hiéu qua cua bd diéu
khién truot dua vao ham relay trong diéu
khién DFIG tua — bin gio.

Bai béo dugc td chic gdm 5 phan :
phan 2 trinh bay m6 hinh toan hoc cua
DFIG, b diéu khién truot cong suat DFIG
duogc trinh bay trong phan 3, phan 4 trinh
bay cac két qua mo phong va danh gia, két
luan 13 phan 5.

2. MO HINH TOAN HQC CUA DFIG

CAu hinh DFIG nbi lu6i st dung bd
chuyén d6i Back — to — Back dya vao IGBT
duogc diéu khién véi PWM dugc trinh bay
nhu Hinh 1 [7].
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Hinh 1. Céu hinh DFIG
Mo hinh dong hoc cua DFIG trong
khung d — ¢ duoc biéu dién boi cac phuong
trinh dién nhu (1), (2), (3) va (4) [7]:

do
V,=RI,+—"L g g | 1
5™ sd dt s¢sq ( )
)
d
I/rd :RrIrd +ﬁ_(a)s _a)r)¢rq7 (3)
dt
de,
V,=RI +—"+(0,-®)p,, “
dt
trongdé: o, , lacacvantdcgoc; R , R,

la dién tro stator varotor; 1.,,1,,1,,1, 1a

dong dién stator va rotor trong khung tham
chiéud-gq; v, ViysViarV,, 1adién ap stator
va rotor trong khung tham chiéu d — g¢;
Prt»Pog>Pra> P,y 12 tlr thong stator va rotor

trong khung tham chiéu d — ¢.

Tuong tu, cac phuong trinh tur tinh
nhu (5), (6), (7) va (8):

¢ - Ls[sd + Lmlrd H (5)
o, =LI, +L1I,, (6)
(0 - Lr]rd + Lmlsd H (7)
0, =LI,+L1I,, 8)

trong d6: L, L, la dién cam tuan hoan
clia pha stator va rotor; L 1a hd cam 16n
nhét clia pha stator va rotor; ¢ i Pogs Pras Py
la tr thong stator va rotor trong khung
tham chiéu d — ¢; 1,.,1,.1,.1, 1a dong

sd > sq°
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dién stator va rotor trong khung tham chiéu
d—q.

Momen xodn dién tir dugc viét nhu
ham cua tir thong stator va dong dién rotor
nhu (9):

Lm
T;m = pL_(Irq¢sd _Ird¢sd ) 4 (9)
trong d6: p 1a sb doi cuc.

Dé d& diéu khién viéc san xuét dién
boi tua — bin gio, ta s€ thuc hién diéu khién
ddc 1ap cong suat hi¢u dung va phan khang
bang dinh hudng tir thong stator nhu (10).

¢sd=¢s’¢sq:0' (10)

Momen xoén dién tir (9) duoc viét lai
nhu (11):

Lm

T ==p==1,0,. an

Bo qua dién tré cua stator va hang sd
tur thong stator, ta viét nhu (12):

V=0,
(12)
Vq = a)sgpsd = lys

Pon gian héa (10) va (11), va thé vao
(5) va (6), ta dugc dong dién stator nhu
(13) va (14):

V. L

N

=—s "] . 13

sd a)SLS LS rd ( )
Lm

1,==21,. (14)

va biéu thirc cho cong suat stator nhur
(15) va (16):

PS=_VSi—’"Irq, (15)
L, v
0, =—VSL—1rd T (16)

Pé diéu khién may chinh xac, ta can
thiét 1ap moi quan hé gitra dong dién va
dién ap rotor. Thay (13) va (14) vao (7) va
(8), ta dugc (17) va (18):
LV,

q’ra’ = r*rd (17)

N s
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¢,=0oLl1, (18)

Str dung (17) va (18) vao (3) va (4) ta
duoc (19) va (20):

d LV
V=Rl +—|oLl +"*|-(0. -0 )cLl ,(19
rd rrd dt( rrd La)] (s )) rrq( )

58

rrq

La)

§8

V=Rl +3(0L1) (o, )[aL[ g j (20)

Quan hé gitta dong dién va dién ap
rotor duogc cho bdi (21) va (22):

ey

rd rord

rrd

— % 13 d truot.
[0

s

3. PIEU KHIEN TRUQT CONG
SUAT DFIG TUA - BIN GIO

s [0
VO1 g= s

Trong phan nay, nghién ciru tién hanh
diéu khién trugt bam cong suat hidu dung
va cong suit phan khang cua DFIG tua -
bin gi6 st dung sai s6 twong Ung gilta cong
suat mong mudn va cong suat thyuc té nhu
la mat truot.

3.1. Piéu khién céng sudt higu dung

Mit truot trong diéu khién cong suat
hiéu dung dugc dinh nghia nhu (23):

S,=P, —P

sref K (2 3)
trong do: £, la cong suat hiéu dung
mong mudn, P 1a cong suat hiéu dung

thuc té
Dao ham 2 vé cua (23), ta dugc (24):
S =P -P. (24)

sref s
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Thé dao ham cua (15) vao (24), ta dugc
(25):
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[13]:

S, =—K,sign(S,)- (26)

Luat diéu khién truot cho cong suat hiéu
dung vai luat tiép can toc d6 hang nhu (27):

V;q - errq

L,
S,=P,, +V, 22 7 7, (25)
Véi luat tiép can téc d6 hang nhu (26)
_oLL| . VL,
rq_smc I/S Lm sref o Lr LS

Dé ching minh tinh 6n dinh, ham
Lyapunov dugc dinh nghia nhu (28):

1

V=35 (28)

DPao ham 2 vé cua (28), ta duoc (29):

V,=5,8,=-K,S,sign(S,)=-K,|S,|<0,(29)

v6i K, >0 thi V, —0 véi gia tri cia
K, . Hé thong s& 6n dinh theo Lyapunov.
Lic ndy, sai s6 e(7)s& hoi tu vé 0 dan theo
SP(t)—>O khi t > 0.

Luat diéu khién truot (27) dam béao
cong suét hiéu dung thuc té P ctah¢ théng
DFIG bam theo cong suat hiéu dung tham
chiéu P,,, trong thoi gian hitu han.

3.2. Bteu khién cong suit phan khing
Mit truot trong diéu khién cong sut

GLI‘LS ~ I/sLm
VL, [ Qs =Gt

rd _smc

Pé chang minh tinh 6n dinh, ham

Lyapunov duoc dinh nghia nhu (35):
I

Vy= ES 0 (35)

Pao ham 2 vé cua (35), ta duoc (36):
Vy = 8,8, ==K yS,sign(S,) ==K, |S,| <0 (36)

voi K, >0 th1 V — 0 véi gia tri cua
K,. H¢ thong s& 6n dlnh theo Lyapunov.
Luc nay, sai s6 e()s& hoi tu vé 0 dan theo
S,(t)—0 khi 1 —0.
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RI , +gool 1

LV, —Kpsign(SP) 27)

_ga)so-LrIrd - g L—

phan khang dugc dinh nghia nhu (30):

So =04y — 0, (30)

trong do 0,., 1acong sudt phan khang
mong mudn, 0, 1a cong sudt phan khang
thuc té

Pao ham 2 vé cua (30), ta duoc (31):
SQ =eref'_Qs‘ (31)
Thé dao ham cua (16) vao (31), ta duoc
(32):
) L, .
SQ :eref-'-I/sL_Ird' (32)
V6i luat tiép can toc do hang nhu (33)
[13]:

S’Q =—KQSign(SQ), (33)

Vay luat diéu khién truot cho cong sut
phan khang vai luat tiép can toc d§ hang
nhu (34):

. ,q] KQsign(SQ)J . (34

Luat didu khién truot (34) dam bao
cong suat phan khang thuc té Q. cua hé
thong DFIG bam theo cong suat tham chiéu
0, trong thoi gian hiru han.

Luat diéu khién truot (27) va (34) dam
bao cong sudt hidu dung va cong suat phan
khang thuc té cua hé théng DFIG tua - bin
gi6 bam theo cong suat hidu dung va cong
suat phan khang tham chiéu trong thoi gian
httu han. Tuy nhién, céc luat diéu khién trén
s& gdy ra hién tuong dao dong vdi tan sb
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cao ¢ tin hidu diéu khién quanh qu¥ dao pha.
Dé khic phuc hién tuong nay, nghién ctru str
dung phuong phép diéu khién truot dua vao
ham relay [13] va kiém nghiém hiéu qua ctia

ISSN 261 5-9945

phuong phap nay trong diéu khién cong suit
ctia hé théng DFIG tua - bin gi6 nhu sau:

Luat diéu khién trugt cong suét hiéu
dung véi ham relay nhu (37):

qu - R}"I}"q S
ol L . VL
rq_smc = —| - sref — LmI/s _KP £ (37)
- V.L, oLL |-gooll 6 — gL— |SP| +0,
Luat diéu khién truot cong suat phan khang voi ham relay nhu (38):
oL L . VL S
=\ g ——sm | R[] +goocll |-K,—2—|. (38
rd _smc K,Lm eref O'LrLS I: rrd g s r rq:| o |SQ| n 5Q

Viéc thay thé ham signum bang ham
relay thi cong suat hiéu dung va cong suat
phan khang thuc té ciia hé thong DFIG
tua - bin gié van s& hoi tu vé cong suit
higu dung va cong suat phan khang mong
mudn trong thoi gian hiru han véi sai sb
tién vé& 0 va loai bo hién tuong dao dong
quanh mat truot.

4. KET QUA MO PHONG VA
DPANH GIA

So @6 md phong bo didu khién dé xuét
duoc trinh bay nhu Hinh 2, cac thong sb
cia DFIG duogc trinh bay nhu Bang 1 va
Bang 2 trinh bay céac thong s cua bo didu

5
R \
khién SMC ham relay.
e Psref Ps
aciive_power SNC ——{Ugr e n
Vo Ve
—ur O
S| [Eoee
> <P<]
i& i
e 9
| reactive_power_SMC |—
Vit Ve
——Pldr ldrf— @
Qsref Qs
Decoping ook DFIG Sy n

Hinh 2. So d6 mé phéng bé diéu khién dé xudt
véi MATLAB/Simulink

TRUGONG DAl HOC SU PHAM KY THUAT VINH LONG

Bang 1. Cdc théng sé ciia DFIG

hléyu Y nghia  |Gis tri| Pon vi
P |Cong sudt tua—bin| 3 MW
p [S6ddicuc
G |Bo dan dong 90
p |Khe h¢ khong khi | 1.225 | Kg/m?
M |Piéncamtirhoéa |0.0135| H
L, |Cudn day stator 0.0137| H
L |Cudn day rotor 0.0136| H
R |Di¢n tré rotor 0.021 Q
R~ [Dién tr¢ stator 0.012 Q
V_ |Dién ap stator 690 A%

f |Tan s6 ludi 50 | Hz
w_ |Vén tdc goc stator | 320 | rad/s
g [Hé sb truot 0.02

Bdng 2. Cdc théng sé ciia bé diéu khién
SMC ham relay

Cong suit K )
Cong sut hiéu dung 80 0.1
Cong suét phan khang 50 0.1

Dép tng nic va sai s6 cua cong suit
hiéu dung, cong suat phan khang ctia DFIG
tua — bin gié bo diéu khién SMC véi ham
relay dugc trinh bay nhu Hinh 3 va 4 tuong
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Gmg. Cong sudt hiéu dung va cong suét
phan khéng cia DFIG ¢ Hinh 3 va 4 hdi tu
vé cong suat tham chiéu trong thoi gian hitu
han véi sai s xéc lap tién vé 0, thoi gian
tang dat 0.0085(s) ddi voi cong sudt hiéu
dung va cong suét phan khang 1 0.0051(s),
thoi gian x4c 14p ciia cong sudt hiéu dung va
cong suét phan khang 1an luot 14 0.0108(s)
va 0.0126(s), khong c6 d6 vot 16. Cac chi
tiéu chat luong duoc trinh bay nhu Bang 3.
Tin hiéu diéu khién v&i bo SMC ham relay
duogc trinh bay nhu Hinh 5. Tin hiéu Hinh
5 cho thay hién tuong chattering quanh mt
truot da duoc khéc phuc.

Dap ung cong suat hieu dung voi ham Relay

[y —
z
S2r
k-3
o
5]
o'
= = = Psref
P
o | | 1 | 1 . L 1
0 0.01 002 003 0.04 005 006 007 0.08 0.09 0.1
Sai so cong suat hieu dung voi ham Relay
3 T T T T T T T
o
o
s1r
o
U h n n n n n N n n
0 0.01 002 003 0.04 005 006 0.07 0.08 0.09 0.1

Thoi gian(s)

Hinh 3. Ddp tng nédic va sai sé ciia céng sudt hiéu
dung véi b6 SMC ham relay
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Dap ung cong suat phan khang voi ham Rela

.

I I L I L L I L L
0 001 002 003 004 0.05 006 007 008 009 0.1

TT= = = Qsref
Q

o o o
o ®

Bien do(MVAR)
IS

0.2

Sai so cong suat phan khang voi ham Relay
T T T T T T T

-

L
0 0.01

o

o o
>N

Bien do(MVAR)
S
(]

I
©

0.02 003 0.04 005 0.06 007 0.08 0.09 0.1
Thoi gian(s)

Hinh 4. Ddp iing ndc va sai s6 céng sudt phdn khdng

véi bé SMC ham relay

Tin hieu dieu khien cua P (Urq) voi Relay
T T T T T T T

2 T
s
<
151
©
j=4
2
o

1k

1 | | . 1 | | . 1
0 0.01 0.02 0.03 004 005 006 0.07 0.08 0.09 0.1
Tin hieu dieu khien cua Q (Urd) voi Relay

20 T T T T T T T
~15
S
£
S 10
c
2
o gl

o 1 | | 1 1 | | . 1

0 0.01 0.02 0.03 004 005 006 0.07 0.08 0.09 0.1

Thoi gian(s)

Hinh 5. Tin hiéu diéu khién ham ndc céng sudt bé
SMC ham relay

Bing 3. Cdc chi tiéu chdt lwong véi bg SMC ham relay

Y en £ Thoi gian | Thoi gian | P§ vot | Sai sb xac
Chi tidu chatluong | 0 6 | xdclap s) | 16 (%) lap
Cong suat hiéu dung 0.0085 0.0108 0 0
Cong suit phan khang 0.0051 0.0126 0 0
Cac hiéu suat khac nhau ctia b SMC  ["Higu suAt | Cong sudt | Cong suit
ham relay cho cong suat hiéu dung va sai s6 hiéu dung | phan khang
cong sudt phan khang voi ngd vao ham AAD 6.2166e-19 | 1.8206e-18
néc ciing duoc tinh toan [14] va trinh bay MSE 3.8650e-33 | 3.3149¢-32
nhu Bang 4. RMSE 6.2169¢-17 | 1.8207e-16
, MPE -2.0722e-19 | 7.2823e-18
Bdng 4. Cac hléu suat khac nhau cua MAPE 2.0722e-19 7.2823¢-18
bé SMC ham relay voi ham ncfc MRE 2.0722e-17 7.2823e-16
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Hinh 6 trinh bay dap tng nic cua cong
suat hiéu dung va cong sudt phan khang
khi nhiéu ngoai (gla st nhiéu cam blen)
tac dong vao cong suat ngd ra ctia hé thong
cia by SMC véi ham relay. Quan sat dap
g trén Hinh 6 ta thay ring dap ung cong
suat thuc té van bam theo cong sudt mong
mudn trong thoi gian hitu han véi sai sd
hoi tu vé 0.

Dap ung nac cong suat hieu dung voi ham relay co nhieu

Psref
0 I i L i i L I == =P

0 0.01 002 003 004 005 006 007 008 009 0.1

Dap ung nac cong suat phan khang voi ham relay co nhieu
T T T T T T T T

Qsref
1 -_— mQ

o | . | . | . . | .
0 0.01 0.02 003 004 005 0.06 0.07 0.08 0.09 0.1
Thoi gian(s)

Hinh 6. Ddp iing ndc cta céng sudt hiéu dung va céng
sudt phan khdng bé SMC ham relay khi c6 nhiéu

Qua céc dap tng dugc trinh bay ¢ trén

da ching to su phu hop, tinh bén viing cua

ISSN 261 5-9945

bo diéu khién SMC trong tng dung diéu
khién tryc tiép cong sudt hiéu dung va
cong suat phan khang h¢ thong DFIG bam
theo cong suét mong muon trong thoi gian
htru han.

5. KET LUAN

Bai bao da thiét ké bo diéu khién truot
cong suat hiéu dung va cong sudt phan
khang may phat dién khong dong bo ngudn
kép trong hé thdng tua — bin gi6 dwa vio
ham relay. Bo diéu khién truot dugc thiét
ké da dam bao céng sudt thuc té cua DFIG
bam theo cong suit mong muon trong thoi
gian hitu han véi sai s6 tién vé 0 va giam
hién tuong chattering quanh mat truot.
DPong thoi, bo didu khién dé xuét ciing
duoc khao sat v6i truong hop nhidu ngoai
tac dong vao ngd ra cua hé théng. Cac két
qua md phong cho thay hiéu qua va su bén
vitng cta bo diéu khién dé xuat trong diéu
khién bam coéng suat DFIG. Trong thoi
gian t61, nghién cuu s€ ing dung céc giai
thuat diéu khién thong minh dé nang cao
hiéu suat diéu khién va két hop hé thong
voi ludi dién.
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