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TOM TAT

Péng co khéng dong bo ba pha dwoe sir dung rong rdi trong cong nghiép vi cdc wu diém
nhw cau tgo don gian, chac chan, van hanh tin cdy, it bao tri stta chita, gia thanh thap, hiéu
suat cao... Tuy nhién, viéc diéu khién dong co khong dong bo la mot van dé kho khan, phiec
tap VI tinh phi tuyén ciia mé hinh dong co.

Bai bao nay ung dung ky thuat diéu khién cuén chiéu (Backstepping) va phuong phdp
diéu khién diéu khién truc tiép moémen dé thiét ké hé thong dieu khién tir thong Va toc dg dong
co khéng dong bé ba pha, trong doé tir théng va mdmen diwcge wéce lirong tiv cdc gid tri dong
dién va dién dp cua dong co.

Viéc nghién ciru so sanh cdc thanh phdn cia dong co (tir théng, téc dé, mdmen, dong
dién ba pha) cia phwong phdp dé xuat (Backstepping) véi phwong phdap DTC duoc tién
hanh. Viéc so sanh dwgc thuc hién khi thay doi tdi 6 truc dong co, kha nang bam cua téc do
va do nhay khi thay déi diéu kién van hanh. Tir thong va momen dwoc woc lwong tir cdc gia
tri dong va dp ciia déng co. Cdc két qud mé phéng sé cho thdy hiéu qud cia phwong phdp
dé xudt.

Tir khoa: diéu khién phi tuyen diéu khién vector; dong co khong dong bé; diéu khién truc
tiép mdmen; diéu khién cuon chiéu.

ABSTRACT

A three-phase induction motor is the main equipment in AC drives because of the
advantages such as simple structure, solid, reliable operation, low maintenance repairs, low
cost, high performance. However, the controlof the induction motor is aa
difficult and complicated problem because of its strong nonlinearity.

This paper applies the backstepping control technique and the direct torque control
method to design a speed and flux controller for induction motors. The torque and the flux are
estimated from measurement of voltages and currents of the motor.

The comparative study of the components of the motor (flux, speed, torque, three-phase
current) of the proposed method (backstepping) with direct torque control (DTC) method is
conducted. The comparison is done when changing the load on the motor shaft, tracking
capability of speed and sensitivity to changes in operating conditions. Flux and the torque are
estimated from the value of the motor current and voltage. The simulation results showed the
effectiveness of the proposed method.

Keywords: Nonlinear control; Vector control; Asynchronous motor; Direct torque control;
Backstepping control.
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1. DAT VAN DE [1]

Cung v6i sy phat trién ngdy cang 1on
manh cua cac nganh cong nghiép, dac biét 1a
nganh diéu khién tu dong, yéu cau chat lugng
dbi v6i cac loai may moc ngdy cang cao: co
cAdu may moéc doi hoi phai dat do nhanh,
nhay, chinh x4c cao, ndng lugng phai duogc
st dung c6 hiéu qua.

DPong co khong dong bo chinh thire dugc
cong nhan tr nhitng nam 1970 tuy nhién
chung khong dugc su dung rong rai boi vi ¢o
nhitng kho khan ma chung mang lai: kho
didu khién va chat lugng thip. Tuy nhién,
cing v6i su phat trién manh mé& cia cong
nghé ché tao cac thiét bi ban dan cong suét
va cac bd vi xtr Iy c6 kha nang xur Iy manh
m¢, nhiing khé khan d6 da duoc khic phuc.
Pong co khong doéng bd hién nay dugc xem
la cong nghé mai.

Véi nhitng vu diém cta minh dong co
khong dong bo dang duge xem 1a mot trong
nhimg giai phap cho nhiing van dé da néu &
trén. Mot sd wu diém ndi bat cua dong co
tuyén tinh: tdc dd cao, dd chinh xac cao, dap
g nhanh, d6 bén co hoc cao.

Ngay nay, cung voi sy phat trién manh
mé cua ly thuyét diéu khién tu dong, ky thuat
diéu khién dong co khong dong bod cung thay
d6i nhanh chong. Trong Iy thuyet diéu khién
hién dai, dong co khong dong bd ba pha
dugc xem 1a mot d6i twong phi tuyén (vi mod
hinh toan hoc cua dong co khong dong bod
dugc mo ta bang cac phuong trinh vi phan
bac cao). Dé diéu khién dong co mot cach
chinh xdc, ta phai ap dung cac phuong phap
diéu khién phi tuyén nhu: diéu khién cudn
chiéu (Backstepping), diéu khién truot
(sliding mode control - SMC), diéu khién
tryc tiép momen (direct torque control), diéu
khién thich nghi (adaptive control)... dé tac
dong 1én mo hinh toan hoc cua dong co.

Trong bai bao nay, phuong phap diéu
khién cudn chiéu duoc sir dung dé tiép can
mo hinh toan hoc ctia dong co. Muc dich
chinh ctia phuong phap nay 1a tién hanh do6i
bién diéu khién sao cho ngd ra tuyén tinh véi
bién diéu khién méi.

2. MO HINH PONG CO KHONG
DPONG BQ BA PHA [2]

Pong co khong ddng bd duge mo ta boi
mot h¢ phuong trinh vi phan bac cao. Voi
cdu tric phan bd cac cudn day phuc tap vé
mat khong gian va cac mach tor méc vong ta
phai chip nhan mot s6 cac diéu kién sau day
khi mo hinh hoéa dong co.

B qua cic ton hao trong 161 st tir,
khong xét to1 anh huong cua tan s va thay
ddi cua nhiét @6 ddi voi dién tro, dién cam
td1 cac cudn day.

Bd qua bao hoa mach tu, ty cam va hd
cam ctia mdi cudn day duoc coi 12 tuyén tinh.
Dong tir héa va tir trudng duoc phan bd hinh
sin trén bé mat khe tir.

2.1. Xay duyng md hinh dong co khong
dong bd ba pha

Ta thong nhat mdt s6 qui ude cho cac ky
hi€u cho cac dai luong va cac thong so cua
dong co.

Cudn ddy
pha B

Truc chuan

Cudn day
pha A

stator

Cugn ddy
pha C

Hinh 1. M6 hinh don gian cua dong co
khong dong bé ba pha

Céc thong s6 ciia dong co khong dong
bo ba pha:

Rs: dién tré cudn day stator

R;: di¢n trd rotor qui ddi vé stator

Lm: hd cam gilra stator va rotor

L, : dién khang tan cudn day stator

L,,: dién khang tan cudn day rotor qui doi
vé stator

p: s6 doi cuc cna dong co

J: moment quan tinh co (kg.m?)
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Céc thong sé dinh nghia thém:

Ls=Lm+ L, dién cam stator
Lr=Lm+ L,, diéncam rotor
T, = L hang s thoi gian stator
RS
7oL hang s6 thoi gian rotor
r Rr
P hé s tir tan tong
LS Lr
Tsamp chu k}" lfiy mau

Chir thuong: dai luong tirc thoi, bién thién
theo thoi gian.
Chir hoa: dai lugng vector, module vector, d
16n.

Tir hé qui chiéu rotor quy vé hé qui
chiéu stator theo cac phuong trinh:

ir=ite? (1)

vl =yre’ 2
T hai phuong trinh trén ta c6:

0=Rif+ 1L~ joy; ©)

Vay tur cac phuong trinh trén ta c6 h¢
phuong trinh:

S

Ue =R 7ot IV (4a)
' dt
oo dyy
O=Rr|r+—r_Jer (4b)
dt
we =L+ L, i (4c)
v =Lyt L, i (4d)
3 - 2 3 - 2
Te :_p(l//sxls):__ p(lr//rXIr) (49)
2 2
T -1 4o (49
p dt

Dé xéac dinh dong dién stator va tir thong
rotor, tir pt (4c¢) va pt (4d) co:

2 1( =

iP=—|w -L_i; 5
r Lr (Wr m Sj ( )
e O N

Vs = I-s Is+rm(y/r_|-m ISJ (6)

Thay (5), (6) vao (4a, b),
Phuong trinh (4a, b) tré thanh:

Ue = RS.TS+ ol, di.  L,dy, (7
' dt L, dt
0——i|:+£i— a)jl//fntdi 8)
T ° @427 dt
Suy ra
dy L. 2 (1 . )
r = miS | — —jw v’ 9
d T ° (Tr : j% ©)
Thay (7) vao (9)
di;:_(l+1—0]E+1—0[1_j0)};:+1u§ (10)
dt ol, o o, \T, ol
dl//s L - 1 -
r —_mls_ —— |l s ll
T (Tr j jl//r (11)

Chuyén sang dang cac thanh phan cia
vector trén hai truc toa do:

di,, [1 1-0]. l-o  1-0
= —+ i, + +—o0

1
=y
dt o, dl, ol L, Vra o Vi o,

m

di 1 1-0 l-0o l-o 1

4

— = —t— |l t—V -0y, +—LU (12)
dt (O’TS ol, i ol L, i oL, e ol i

v Ly, 1,
dt T sa Tl//ra ‘//rﬁ

r r

dy,, L,. 1
B m
— L ==y, ,t®
dt Tr sp Tr l//rﬂ !//ra
Thay cac thanh phan cua vector tir thong
rotor va dong stator ta dugc:
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3

L
e = (l//ra sp l//rﬁ Sa) (13)

3. PHUONG PHAP DPIEU KHIEN

TRUC TIEP MOMEN (DTC)

3.1. Diéu khién tryc tiép mémen dong co
khong dong b [3], [4], [5]

DTC la phuong phap diéu khién truc tiép
tr thong va momen. Hai dai lugng duoc do 1a
dién ap va dong dién stator. Pi¢n ap do la
dién ap mat chiéu sau chinh lvu. Tin hiéu
dién ap va dong dién 1a ddu vao mod hinh
dong co, dé tir d6 tinh ra gia tri cta tir thong
va mOomen. Hai by so sanh muc so sanh céac
gia tri ndy voi cac gia tri dau ra cua hai b
diéu khién. Dya vao dau ra nay, logic dong
mé xéac dinh vi tri van dong mo t6i uu. Do
d6, mdi dién ap xung dugc xac dinh riéng ré.
Vi tri van déng mé lam thay déi dién ap va
dong dién, n6 lai anh hudng téi momen va tir
thong. Hé thong khong sir dung cam bién toc
do. Téc do dong co dugc tinh toan bo mot
khau goi 1a m6 hinh dong co thich nghi.

3.2. Két qua mé phéng DTC
3.2.1.Tir thong cuia dong co:

14

Firef Fi (Webe)
5 2 2 2 [«

1 1 1 1 |
05 1 15 2 25 3 35

Time (s) e

Hinh 2. Tiur thong ciia dong co
3.2.2. Toc d ciia dpng co:

Wref W (rad/s)

s | | | |

Time (s) e

Hinh 3. Téc do cia dong co

3.2.3. MOmen ciia dong co:

MLref ML (Nm)
5 & ) o 5 &

B Time (s) 2
Hinh 4. Mémen cua dong co

3.2.4. Dong dién ba pha ciia déng co:
)

“! g

R

is 5
Time (s)

o4
”
o+
4
o
o

Hinh 5. Dong dién ba pha cua dong co

H

i\

i flhy

‘“ mm

: h

T

o

i

labc (A)

I

=> Két qua md phong cho thiy:

- Bo diéu khién thuc hién tdt cac yéu clu cua
dicu khién.

- Pong co van gitr tot gia tri toc do, tir thong
khi tai thay doi.

- Khi dao chiéu thi gia trj tbc do, tir théng
van On dinh.

4. PHUONG PHAP DIEU KHIEN
CUON CHIEU PONG CO KHONG
DONG BO [6], [7], [8], [9]

4.1. Diéu khién cuon chieu:

Tinh chét phi tuyén thé hién rat 13, véi
s6 luong bién ddu vao va ra rt nhiéu. Nén
viéc tim ra quy luat diéu khién 13 kho ddi véi
cac phuong phap thong thuong. Phuong phap
thiét ké cudn chiéu t6 ra rat hiru ich ddi voi
md hinh nay. Bo diéu khién duoc thiét ké s&
giai quyét van dé phi tuyén ctia mé hinh.

Timng bude thiét ké bo didu khién thoa
dai luong toc do va dong tir hoa dat dén gia
tri dat la muc tiéu dugc dua ra.

Nhu di trinh bay ¢ phan mé hinh cua
dong co, khi ta xét trong h¢ toa do dq, do truc
q vudng goc vdi vector l//'rq = O lam cho

phuong trinh tré nén don gian hon.
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dewo 3PL2 .. P Luc d6 hé phuong trinh (21) tro thanh:
dt - ( 2Lr Y +a Isq TL) J (14) . 1
Dé don gian hon trong viéc tinh toan, ta €z = ¢, — o Ugq ¥ rq
dinh nghia gia tri: s
3(PL )2 é4 — ¢4 1 i u d
=0 oL. T °
u 204 (15) s T
Thay (15) vao (14) ta dugc: i Pén day ta xac dinh ham Lyapunov dé
deo p ' (16) on dinh hoa ca hé thong, bao gom ca hai
S _ i, — T, — .
dt /’ll/ll’d Isq L J blén e2 , e4
GOl Wyef » Wy lan luot 1a gid tri toc Ta chon ham Lyapunov nhu sau:

d6 va tir thong mong mudn. Ta dinh nghia
hai gia tri €,€; 1a sai sd gitra gia tri tde do,

tur thong dat va gia tri ude lugng.

€ =W —@
_ : (17)
e3 =WYWyriet —W¥Wrd
Xét ham Lyapunov sau:
1 1

Lay dao ham phuong trinh (18) ta duoc:

SAVEE _k1e12 - k3e§ +e (ke + et ~ luy/;disq
P . 1. 1.
+TL j)+e3 (k3€3 +l//ref_T7|sd +T7l//rd) (19)

r r

Ta thiy rang dé phuong trinh thoa méan
dinh 1y 6n dinh Lyapunov thi V' phai xac dinh

HE, = K€ +6 =€ = e, —KE
< (20)

e, =ke; +e,=>e,=¢,-kpe,

Liy dao ham cac gia tri €,,€,tr hé
phuong trinh (20) ta dugc:

k
:;1(,”92 1e1) + a)ref Vi sq l//rd Isq
. 1+ 1 21
e4=k3(e4_k3e3)+l//ref+fl//rd_f|5d ( )
Dé biéu thic don gién hon ta dat:
k 1* 1.1
¢2 :;1(:[‘62 _k1e1)+ a)ref Tr sdlsq fl//rdlsq

+opli +(i
rV/rq sq O_-I-S

1— . .
+?)Isdl//rd +a)s|sql//rd

1 o

GT II]rq l//rd

r

-0 /o
a)l//rql//rd

1
V2=E(ef+e§+e§+ej)>0 (22)
Lay dao ham phuong trinh (22) ta
duoc:

Vo =e (1e, - ——U¥q)

S

S SR
O_LSTr sd

ke )+ e, (s,

+e,(e, —

kse;) +e,(d, —

2 ' 2
& —Ki€ + 08, ———UyW 48, +€,8; —Ki;

S

Vo =8,

1 2 2 2 2
+¢,e, ———Uge, —k,e; +k,e; —k,e, +k,e,

S °r
y 2 2
= V.2 =—-ke —k;e;

—k,e> —k,e?

1 .
+e,(ue, +¢, +k,e, — ol Ug¥Wra)

S

1 1

+e, (g, +k,e, +e, ol T,

—Ug)
Pé hé o6n dinh theo Lyapunov thi

V2 < 0.Pé co duge didu do thi:

He, + ¢, +K,e, uderl‘d =0
@, +Kk,e, +e; —d%_l_iuSd =0
(ye1+¢2+ke) &, +k,e, +e,
1 R U S
O_le//rd OLSTr

Pén day ta di xay dung duoc luat diéu
khién dé toc do va tor thong dong co bam
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theo gia tri tc do va tir thong dat véi cac dai
luong nhu sau:

€ =W —@
€3 = Wi 7l//rd
- P
K& + @ +T0 3 .
e, = _l//rdlsq
y7;
€y = Ky + 9+ — i
4 3~3 W ret -I-r Yia Tr sd
k 1. .
¢2 :;l(/—lez k e1)+ a)ref _flsdlsq
1. . 1 1-o 23
+T7rl//|{dlsq +wrl//|{q|sq +(O'7TS+ O'T )Isdl//rd ( )
. . —O ., l1-o
+ws|sql//rd +O_7Tr\prqlr//rd _?wl//rq’//rd
—k _k - 1. 1o
¢4 - 3(e4 3e3)+’//ref+( ) Isd (T ) Yid
—iw : Jr(i _1 — ;i
Tr rl//rq 5 O'T T sd Tr s sq
1-c0 1 1-0 1
- 770)qu

o, . ™ o T,

4.2. Két qua mé phong cudn chiéu

4.2.1. Tu thong cua dong co:

Firef Fi (Webe)

I I
1 2

’ Time (s)
Hinh 6. Tur thong cia dong co
4.2.2. Toc 36 cua dong co:

g
T

5
T

Wref W (rad/s)
] 3

" Time (s) ’
Hinh 7. Téc do ciia dong co
4.2.3. MOGmen cua dong co:

&WW

" Time (s) :
Hinh 8. M&men cua dong co

MLref ML (Nm)

4.2.4. Dong dién ba pha cua dong co:

. Time (s) ’
Hinh 9. Dong dién ba pha cua dong co

=> Két qua mé phong cho thdy: D6i véi cac
tai nho va téc do thap thi phuong phap diéu
khién Backstepping va phuong phap didu
khién DTC dap ung tét vé mat tbc do, tir
thong. Nhung véi tai 16n va téc do cao thi
phuong phap diéu khién Backstepping cho
thdy dugc nhimng wu diém hon so v6i phuong
phap diéu khién DTC.

5. SO SANH KET QUA MO PHONG
5.1. So sanh tir thong dong co

Nhén xét: Tur thong cua ca hai phuong phap
déu dap ng nhanh, khong vot 16, khong co
sai s tinh & ca hai ché d6 quay cua dong co.

5.2. So sanh toc do dong co

Nhén xét: Toc d6 cua ca hai phuong phap
déu dap tng nhanh, khong vot 16, khong co
sai sO tinh ¢ ca hai ché d6 quay ctia dong co.

5.3. So sanh mémen dong co

Nhan xét: Moémen dong co ctia phuong phap
cubn chiéu c6 dap tng tét (bam nhanh theo
gia tri dat, bién d6 dao dong nho va it bi anh
hudng boi toe d6 dong co) & ca hai ché do
quay cua dong co.

5.4. So sanh dong dién cac pha dong co

Nhéan xét: Dong dién khéi dong dong co cua
phuong phap cudn chiéu bang 2 1an dong xac
lap, khong bi anh huong boi toe do dong co
va su thay doi cua tai (dinh mirc).

6. KET LUAN

Qua két qua mo phong trén Simulink/Matlab
cho thiy phuong phap nay dat yéu cau. Téc
do va tur thong cua dong co dap ung nhanh,
khong vot 18, khong dao dong. Mdmen dong
co bam kha sat gia tri dat. Dong dién khoi
dong bang hai lan dong xac lap. Dé tai



nghién ctru thanh cong gop phan kiém chimg
va phéat trién phuong phap diéu khién cudn
chiéu, mot phuong phap diéu khién linh hoat,
toan dién trong khong gian trang thai vao dbi
tuong diéu khién dang dugc st dung rong rai
hién nay 1a DPCKPB ba pha rotor 1dng soc.
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Day s& 1a co s& dé xay dung cac hé théng
diéu khién co chat luong cao vé dd chinh
xac, 6n dinh va thoa man d6i voi hé thong
truyén dong c6 yéu cau nghiém ngit vé mat
dong hoc.
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