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DIEU KHIEN TRUQT DUNG MANG NORON
PONG CO KHONG PONG BQ BA PHA

Nguyén Chi Ngén*, Pham Minh Phwong ? v Dwong Hodi Nghia®
ABSTRACT

With its benefits on stability and robustness, the sliding mode controller (SMC) is applied
to control nonlinear objects even under effecting of disturbances and changing of object’s
parameters. However, designing the SMC requires a mathematic model of the object
which may not always obtain, in practically. As a strong nonlinear object, three-phase
induction motor is difficult to control and need feedback sensors, especially for magnetic
feedback sensor that is high cost and not easy to install. In order to overcome this
problem, the article proposes using an artificial neural network to estimate the magnetic
instead of using physical sensor, applying in sliding mode control for a three-phase
induction motor. Simulation results indicate that the settling time of magnetic response is
about 0.012s, and of motor speed is about 0.3s without overshoots under effecting of
disturbances and changing 10% of parameter values of the induction motor.
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TOM TAT

Véi wu diém ve tinh én dinh va bén viing, bg diéu khién trwot dwoc dp dung cho cac doi
twong phi tuyén ‘ngay khi hé thong chiu tdc dong cua nhiéu, cing nhu sw bién doi cdc
théng sé cia déi twong. Tuy nhién, viéc thiét ké bg diéu khién truot doi héi phdi biét
chinh xdc mé hinh déi twong — ddy la diéu khéng phai lic nao ciing dat dwoc trong thuc
té. La mot hé phi tuyén manh, dong co khéng dong bé ba pha rat khé kiém sodt va can bé
tri cdc cam blén hoi tiép, dat biét la cam bién tir thong vi chi phi cao, khé ldp dat. Nham
khdc phuc vin d@é trén, bai bdo dé xudt gidi phdp sir dung ‘mang noron nhan tqo dé wéc
lwong ti thong thay vi dung cam bién vt Iy trong hé diéu khién trueot déng co khong
dong bg ba pha. Két qua mé phong cho thdy thoi gian xdc ldp cia déap img tir thong
khodng 0.012 gidy, ciia toc do déng co khodang 0.3 gidy, cac ddp ing khong vot 16, bén
vitng duéi tac dong ciia nhiéu va s bién thién 10% gid tri ciia cdc tham sé ciia déng co.

Tir khéa: Mang novon, diéu khién trwot, Pong co khong dong bp

1 GIOI THIEU

bong co khong dong b 1a loai dong co dugc stir dung phd bién trong cong nghiép
hién nay, do két cdu chéc chin, don gian, gia thanh ré va do tin cay cao. Tuy nhién,
viéc diéu khién dong co khong dong bo 1a kha phuc tap (Po Thi Hong Tham,
Duong Hoai Nghia, 2007).

Uu diém ndi bac cua bod diéu khién truot 13 tinh 6n dinh bén virng ngay ca khi hé

thong chiu tac dong ciia nhiéu hodc khi thong sé cia d6i tuong thay doi theo thoi
gian (Etien E., S.C.L. Rambault and G. Champenois, 2002). Tuy vay, dé thict ké
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dugc bo diéu khién truot, nguoi thiét ké can phai biét chinh x4c mo hinh ciia ddi
tugng. Trong thuc té, doi hoi nay khong phai lac nao cling dap ung dugc. Hon
nita, néu bién d6 cua ludt diéu khién truot qua 16n s& gay ra hién tuong dao dong
(chattering) quanh mat truot. Do vai tro tmg dung quan trong cua dong co khong
dong b trong cong nghiép, hién nay phuong phéap diéu khién truot dong co khong
ddng bo ba pha dugc quan tam dic biét (Etien E. et al., 2002, Derdiyok A, Z. Yan,
M. Guven and V. Utkin, 2001). Cac phuong phap diéu khién nay doi hoi phai co
cam bién hdi tiép tur thong. Pay 1a van dé kho thyuc hién trong thuc té do viée lép
dit cam bién phire tap va do tin cay thap.

Bai bdo nhim muc tiéu dé& xuét giai phap thiét ké bo diéu khién truot dung mang
noron nhan tao (goi tit 14 mang noron) dé nhan dang tir théng cua dong co thay
cho viéc sir dung cam bién vat ly. Ngoai ra, v6i phuong phap nay, nguoi thiét ké
cling khong can biét chinh xac mé hinh cua ddi tugng.

2 PHUONG TIEN VA PHUONG PHAP NGHIEN CUU
2.1 Mb hinh dong co khong dong b ba pha

Pé thuan tién trong viéc mo phong thay vi phai thue nghiém trén thiét bi, nghién
ctru nay st dung mo hinh toan cua dong co khong dong bo ba pha trong hé toa do
af, duge trinh bay nhu (1) (Nguyén Phung Quang,1998).

. K
X, = =YX, +?.X3 +p.KX, X5 +a.Ug,

X, =—=y.X, + P.-K.X3.X5 +aLUg,
. L, 1
Xy = h Xy~ X —PX, X5 (1)

X I'—x —ix +P.X5.Xg
t Tr Tr

. T,
Xs = (X, X5 —X,.X,) _TL

Trong do, X, =ig,, X, =iy, X3 =, X, =Y4 X =0; cdc dai lugng (isq, isp), (Usas Usp),

(Yra, Wrp) 1an luge 1a cac thanh phan cua dong dién stator, dién 4p stator va tu
thong rotor; o 1a van toc goc; T 1a moment tai. Véi:

2
a:i’ G=1_ Lm ’Trzi’Tszi,
oL, L..L, R, R,
1 1-c LR +L%R,
’Y: + = > ,
oT, o, o.L L,
K — 1-0 _ L.L -L, ’ M:E.D'Lm
olL, olL,L, 2 JL,
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Trong do, Rs 1a dién tr¢ stator, Ry 1a dién tr¢ rotor, Ls 1a dién cam stator, L, 1a dién
cam rotor, Lm 1a hd cam, p 1a s6 doi cuc, o 1a hé so ti€u tan tong, Ts, Tr 1a hang s6
thoi gian tuong g cua stator va rotor va J 1a moment quan tinh cua dong co.

2.2 Thiét ké bp diéu khién

Chon mat truot:
Sl:ﬁ'{%(m_wref)_i_%'(m_mref)} (2)
T | d 3 i 3
2 =E|:a(¢ ¢ref)+ T¢ ((I) (I)ref):| (3)

Trong do, orer la tbc do dat; Oref 12 gid tri dat cta binh phuong tr thong rotor;
o= ‘Ifi + \|![23 la dép Gng cua binh phuong tir thdng rotor.

Néu S1 = 0va S; = 0 thi phuong trinh (2) va (3) trd thanh:

%((z)—wref)+_r—t.(co—(oref) =0
(4)

d 1
a(¢_¢ref)+-r_¢'(¢_¢ref) =0

Giai phuong trinh (4) ta dugc:
1
t

W= + ((’00 — Oys )'e To

xy ®)
]
¢ = ¢ref + (¢0 - ¢ref )'e ¢
v6i oo, do 1an luot 13 the do va tir thong tai thoi diém t=0.

Vay khi S1=0va S, = 0 thi o tién vé wref theo ham mii véi thoi hang To, ¢ tién vé
dref theo ham mil voi thoi hang Ty. Thoi hang Tw, To duoc chon sao cho dap tng o,
 theo yéu cau cua hé truyén dong trong thuc té. Néu S10 va S2#0 ta can xac dinh
luat diéu khién (v6i bién diéu khién ua, Up) sa0 cho Si va Sy tién vé 0.

Dinh nghia ham Lyapunov:
V:%.(Sf+8§) (6)
Dua vao mo hinh dong co (1) va cach chon mat truot (2, 3) ta thu duogc:
S, =((x2.x3—x1.x4)—L— Dre FRELC Tlmf“} (7
Jpopop H
S, = Ln-(X::X, +x2.x4)+(2-;[¢ —1].(1)—%.[ Dor + "’T¢f J (8)

Chon luat diéu khién sao cho V = (jj_\t/ =S,S,+8S,S, <0, ta duoc:
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31: A - q. X4.U5a + Q. X3.UsB (9)
Sz = B+Lm.O(,.X3.U5a +|_m.0(,.X4.Us[3 (10)
1 1 1
A=| ——y——|f fL+Kd)— L., —— . 11
[Tm ! Tr] I, A 4y
T : L 1 K T - T .
B=| - L.|=—m—| — f,+— f, |- ——. 12
{T¢2 }q)—i_ m|:-l-r i (Tr +YJ 1+-|-r ¢+p0) 2j| 2 ¢ref 2T¢ d)ref ( )
Trong d6, mi = X2 +x3; f1 = X, X, +X,.X,; f, =X,.X, =X, X,
L : S A
=V=55$+5,5,=[S S]|. |=[s 82].{ }+
S, B
—0LX oX u
S S, ol
5 S {Lm.ax L .a.xj |:USJ
=V=SF+SD.U (13)
A ug, —oLX X
Véis=[s, s,],F=|"| U= D=| FTeH
B Ugg L,oXx; L., oX,
Chon luat diéu khién (véi bién diéu khién uq Up) sao cho V < 0. Ta chon
u-| | p|lArd O .S?gn(sl) His
Ug 0 |B+§| Sign(s,)| B
X : :
u, :a—jl).(UOl.Slgn(Sl)+A)— a.Lm.¢.(U02.S|gn(Sz)+B)
= < (14)
u, = ?(;.(Um.Sign(Sl)JrA)— TLd .(Ug,:Sign(s,)+B)

trong do, Uo1=|A| + &; Uoz=|B|+ &; voi £>0.

2.3 Thiét ké bd diéu khién truwgt ding mang noron

2.3.1 Nhdn dang tir thong bang mang noron

O luat diéu khién (14) ta can xac dinh tir thong rotor ¢ = \lli +\|!§. Trén thuc té sé

rat kho bd tri cam bién dé do tir théng rotor, vi vay ta s& sir dung mang noron dé
udc lugng tur thong rotor tir cac dai lugng dé do hon 1a dién ap, dong dién va tu
thong stator. Viéc nay dugc thuc hién bang cach nhan dang ham tir thong y, va

\Ifﬁbéng mang noron truyén thang 3 16p, v6i 20 noron & 16p an 1, 16 noron & 16p

an 2 c6 ham truyén hyperbolic tangent sigmoid va 2 noron tuyén tinh & 19p ra, xac

dinh boi (15).
v, w. =T
[0 0y | -

(W, b,u,,up,i,.i)

(15)
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Trong d6, W va b 1an luot 12 ma tran trong sé két ndi va vecto ngudng kich hoat
cua mang. Giai thudt truyén nguoc Levenberg-Marquardt dugc ap dung dé diéu
chinh W va b dé dat duoc (16), véi N 1a s6 mau dir liéu dung d€ huan luyén mang.

ofi ]

Dit liéu dung dé huan luyén mang noron cé giam sat dugc thu thap tir két qua mo
phong hé thong dicu khién truot, voi uq, Ug, ia, i, 1a cac tin hiéu vao va e, g la
cac tin hiéu ra.

o,

2.3.2 Thiét ké bé diéu khién truot dung mang noron

Sau khi str dung mang noron dé nhan dang cac ham . Va yp ta duoc cac ham xap
xi , va . Khi d6, luat diéu khién u dugc viét lai nhu (17):

X : X :
u, =—%.(U,Sign(S,)+A)-——=2—.(U,,Sign(S,)+B

Ly
. ax’“ (17)
Uy = 2(UnSign(s,) +A) - " (UrSign(s, ) +B)
Trong dé
11 T, 1
1 e an R

b=+
So do mo phong hé théng trén Simulink nhu hinh 2, véi ngd ra 1a dap tng tur thong

va toc do dong co khong dong bd 3 pha, c6 sy anh huong cua nhiu tring coéng
suat 0.01W trén céc tin hiéu hoi tiép, dong vai trd nhiéu cam bién.

3 KET QUA VA THAO LUAN

Tham s6 cua dong co khong dong bd 3 pha duoc st dung trong mé phong dua theo
(Nied A., S. I. S. Junior, G. G. Parma and B. R. Menezes, 2003), gébm cong suit
P=1500 W, dién ap V=220 V, téc d6 n=1720 vong/phit, tan sé f=50 Hz, dién tro
stator Rs=4.08 Q, dién trd rotor R=4.87Q, dién cam stator Ls=0.3154H, dién cam
rotor L=0.3235H, h6 cam Lm=0.305 H, moment quan tinh J=0.018 kg.m?, s doi
cuc p=1, tdc do dit wrer bién thién tir 80 rad/s dén120 rad/s, moment tai T =12 Nm,
tir thong dat dre=1 Wb. Thong sd ctia bd diéu khién dugc chon T»=0.1, T4=0.004.
Thoi gian mé phong dap tmg cua hé thong trong 3 giay.

Két qua nhan dang hamy_va \I/Bbé'mg mang noron cho trén hinh 3. hinh 3a cho
thdy két qua nhan dang ham \_ bam rat tt o v6i sai s6 cho trén hinh 3d. Tuong
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tir, hinh 3b cho thdy ham nhén dang {, va yp chi sai bi¢t rat nho, su sai biét nay

duogc trinh bay trén hinh 3d. Diéu nay chimg t6 kha ning uéc luong tir thong cua
mang noron da xay dyng la dat yeu cau. Pap tmg tir thong va toc do dong co voi
bd diéu khién trugt dung mang noron dugce trinh bay trén hinh 4. Luu y rang, de dé
theo ddi, dd thi hinh 4a, b va ¢ chi hién thi mot phan cia két qua moé phong. Két
qua hinh 4c cho thiy, dap Gng tir thong ¢ bam theo drer voi thoi gian dap tng
khoang 3Ty = 0.012s va toc do dong co ® bam theo téc do dat wrer v6i thoi gian
dap tmg khoang 3T = 0.3s (Hinh 4d). O day toc d6 dat orer duoc thay doi tir 80
rad/s 161 tang lén 120 rad/s va cudi cung giam xubng 100 rad/s nham khao sat thoi
gian tang toc va thoi gian xac 1ap cua toc do dong co. Ca dap ung tir thong va dap
ung tbc do déu khong xuét hién vot 16.

| =
Te
Sliding mode controller
TL = alf TL.Te
TL { TL z_alfa —
L pells_alia I L | g
- Is_beta Uz_alpha — | In 1 Ot 1 | LU=_alfa Fiffa
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Hinh 2: So' 46 m6 phéng h¢ diéu khién truwgt ding mang noron
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Hinh 3: Két qua nhin dang tir théng bing mang noron
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Hinh 5: Pap tng ciia hé thong & truong hop ¢é nhiéu va R, = R £10%; R, =R, £ 10%
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Hinh 6: Pap tng ciia h¢ thong & truong hep cé nhiéu va Ls = L £10%; L, = L, +10%

5 ! 5 ; ! 150 5
1 : ’ : : : :
oal S L b SR | 100
= : : : : : i
g OBt R RRRRIE .......... ERTTETTEE ........... ‘E
- 4 T L N L 5 ; | g sofy
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ol B o S Fi_J+10% || of SR L ——W_I+10% ||
D 1 i 1 1 I 1 i 1 1 I
a0 0.4 1 15 2 245 3 ] 0.5 1 15 2 25 3
Time(s) Tirne(s)

Hinh 7: Pap g ciia hé thdng & truomg hop cé nhidu va J=J +10%
Ngoai ra, dé khao sat tinh bén viing cia hé thong diéu khién truot ding mang

noron, hinh 5, 6 va 7 trinh bay cac két qua mo phong cua hé thong khi co sy tac
dong cua nhic€u voi cong suat 0.01W trén céc tin hi€u hoi ti€p va su bién thién cua
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cac tham s dong co twong tng voi cac truong hop: ting dién trd rotor va stator
10%, tang dién cam rotor va stator 10% va tang moment quan tinh 10%. Cac két
qua m6 phong cho thiy dap Gmg tir thong va dap tng téc d6 dong co deu dat yéu
cau chuyén mon va khong bi vot 16, v6i thoi gian xéc 1ap ciia dap g toc khoang
0.3+0.02 gidy 1a phu hop thuc té.

4 KET LUAN

Bai bao nghién ctru hé thdng diéu khién truot ding mang noron ap dung cho dong
co khong dong bo ba pha. O d6, mang noron déng vai tro 13 bd ude luong tir thong
thay cho viéc st dung cam bién vat ly kha dit tién va kho la“ip dit. Két qua méd
phéng cho thay giai phap duoc dé xuat 12 hop 1y vi hé théng 6n dinh véi thoi gian
xac lap ngan, dap tmg khong vot lo va bén virng khi co sy tic dong ciia nhidu va su
bién thién 10% gia tri cac tham s6 cta dong co & ché d6 danh dinh.
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