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PIELU KHIEN TRUQT PQONG CO KHONG PONG BQ BA PHA
NUOI BOI BO NGHICH LUU AP BA MUC
SLIDING MODE CONTROL FOR INDUCTION MOTOR
FED WITH THREE — LEVEL NPC INVERTER
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Truong Pai hoc Bdach Khoa, DPHQG Tp. Ho Chi Minh

TOM TAT

Bai béo nay gidi thiéu mot bé diéu khién truot déng co khéng déng bd (BCKPB) nubi béi bd
nghich lwu &p ba murc dang diode kep (Neutral Point Clamped-NPC). Bé diéu khién duoc thiét ké bao
gém 2 vong: O vong trong, ttr théng rotor va mé-men déng co duoc diéu khién quanh gié tri dat béi bd
diéu khién trwot nhiéu ngé vao — nhiéu ngé ra (MIMO). Uu diém cida bé diéu khién nay la cho dap g
nhanh tir théng va mé-men. Ngoai ra, phuong phap nay con cho phép tinh dén anh hudéng cia sai s6
mé hinh. O vong ngoai, téc dé rotor duoc chinh dinh béi bé diéu khién PID. Bo nghich lwu dp ba mirc
duoc dé cap trong bai nay cung cdp mét ngudn &p ba pha véi hoa tén thdp & dong dién tai. Két qué
mé phdng va thuc nghiém cho thay hé théng duoc dé xuét cé chét lwong tét (dép (ng nhanh, sai sé
X&c lap nhé, bén viing véi sai sé mé hinh v.v...).

ABSTRACT

This paper presents a sliding mode controller for induction motors fed with three-level Neutral
Point Clamped (NPC) Voltage Source Inverter (VSI). The controller is designed with two loops: In the
inner loop, the rotor flux and the motor torque are regulated around the reference values by a multi
input multi output (MIMO) sliding mode controller. This controller yields quick response of rotor flux
and motor torque. Moreover, it provides a mean to cope with the model uncertainty. In the outer loop,
the rotor speed is controlled by a PID controller. The three-level NPC VSI provides a three phase
voltage source with low harmonic in the motor current. Simulation results and results on real system
show that the proposed controller has good performance (quick response, low steady state error) and
is robust against model uncertainty.

I. GIOI THIEU Tuy nhién, diéu khién truot DCKDB
A .2 O, ting c6 mot sO han ché nhat dinh: Do thoi gian

Piéu khién DCKDB la mdt chu dé da va cung co f‘)t SO han che i‘t di © t 0;g a
" ) A A tré cuia khau chap hanh, qui dao pha c6 thé dao

dang duoc nhiéu nha nghién clru quan tdm. Ta n 5 e A g .
f LA LA N 1A 1R dong quanh mét trugt véi tdn s6 cao (hién

c6 the ké ra mot so cong trinh ti€u bieu nhu sau: . X ok P n

tuong chattering), dan dén chat lugng mo-men

- Piéu khién dinh huéng truong (FOC) [1] quay khong cao. D¢ céi thién diéu nay, bai bao
_ Pidu khién truc tiép md-men (DTC) [2 nay dé xuat su dgr}g ham saturation thay gho

lf‘: _? e tiep ( ) 2] ham sign trong biéu thirc xac dinh luat di€u
- Dieu khién dya vao tinh thu dong (PBC) [3] khién (23). Ngoai ra, trén cac bo diéu khién

trugt DPCKPB truyén thong sir dung bd nghich

- Diéu khién tuyén tinh héa vao ra [4
y [4] lvu (BNL) 2 mtic con gap mdt han ché nira 1a

- Diéu khién diing logic mo va mang noron [5] thanh phan hai bac cao xuat hién trén dong dién
- Piéu khién mé hinh ni (IMC) [6] va dién ap tai voi ti 1¢ cao, gay ra mot s0 hi¢u
. , img kh6ng mong mubn lam giam tudi tho dong

- Diéu khién truot [4,7,8,9,12] ... co. Dé khic phuc han ché nay, ching ta co thé
Mot trong nhitng wu diém cia phuong str dung c;ic BNL da mirc thay thé cho BNL 2

phap diéu khién trugt DCKDB la cho phép tinh muc truyén thong. BNL da muic ngay cang
dén anh huéng cua sai s md hinh. dugc sir dung nhiéu trong cac Gmg dung cong
_ suét 16n boi nhitng uu diém rd rét ciia né so voi

Ngoai ra, phuong phap ndy ciing duoc BNL 2 mirc nhu: dién 4p common-mode thap

danh gid 1 co tinh don gian, de thict ke. hon, ti 1& dV/dt thdp hon, thanh phdn hai ngd ra
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clia 4p va dong tai thap hon, c6 nhiéu mirc hon
0 dang song dién ap ngo ra, giam dién ap chiu
dung trén m01 linh kién cong sudt... Mot s
nghién ciru gan ddy di bit diu tng dung cac
BNL da muc trong diéu khién, ticu biéu co thé
ké trong [11,12]. Bai nay dé xuat sir dung BNL
ba muc lam ngudén nudi cho dong co. BNL
dugc diéu khién st dung k§y thuat diéu ché do
rong xung sin (Sine Pulse Width Modulation —
SPWM).

Trong [9] da xay dung va m6 phong giai
thuat diéu khién trugt DCKDB trong h¢ toa do
quay DQ. Két qua cho thay hé théng cé chit
luong didu khién tot va bén viing véi cac sai s6
md hinh.

Bai bao nay dé& xuat bo diéu khién truot
xay d}rng trén hé toa do tinh aff va gidi thiéu
cac két qua thuc nghiém vai hé thuc.

Phén con lai cia bai bao dugc t6 chirc
nhu sau: Phan II trinh bay mé hinh PCKPB ba
pha trong hé toa d¢ tinh stator, phﬁn III trinh
bay tom tat BNL ap 3 mirc NPC, phan IV gi6i
thiéu bo diéu khién trugt DCKPB ba pha, phan
V trinh bay cac két qua md phong va thuc
nghiém, phan VI riit ra cac két luan.

I1. PONG CO KHONG PONG BQ BA PHA

Mo hinh dong cua DPCKDB trong hé toa
d6 of nhu sau [10]:

d(;_si =—yi,, +T£rl//m + Ka)l//r/f +au, ()
d(;i[ﬁ =7, ~ Koy, +%'/jrﬁ+ausﬁ ©)
T, = 1(Vraley —Vipics ) (5)
Z_szﬁae ~T) (6)

Vi (lgysdsp), (Ugy s Ugy) (Wi ¥, ) lan Tuot 1a
dong dién stator (A) , dién ap stator (V) va t
thong rotor (Wb), o 1a téc do rotor (rad/s), T, la
mé-men dong co (N.m), T_ la md-men tai
(N.m), va
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7:(L+1—_0j o L

ol, oI, oL, R,
L L2
Tszi’ﬂzg—p m’azl— m ,a:—l
R, 2 L, LL '~ oL,

Ia cac hﬁng $b, trong d6 Rg 1a dién trd
stator, R, 1a dién trd rotor, Lg 1a hé ) tu cam
stator, L, 1a hé sb tur cam rotor, L, 1a hé s6 hd
cam, p la sb doi cuc, J 1a mo-men quan tinh ctia
rotor.

bit

(7)

Nhiém vu diéu khién 1a 1am cho céac bién
ngd ra ¢ va @ dat dugc cac gia tri dat va

p=yl =yl +vl

ref

W, tuong ung.
I11. BQO NGHICH LUU AP BA MUC NPC

So dd bd nghich lug ap ba muc dugc
trinh bay ¢ hinh 1. Gia thiét dién ap trén 2 tu
can bang va dién ap tai ba pha doi xing. Ta co:

Ua :VaO _VN0 — 2Vao _\;bo _Vco

V.. —V.,—V
Ub :Vbo _VNO = 20 3a0 = (8)
Uc :Vco _VNO — 2Vco _\;ao _Vbo

Thanh phan dién ap Voffset dugc cong
thém vao dién ap diéu khién dé mo rong pham
vi diéu ché dién ap ngd ra va dé giam thanh
phan dién 4p common mode st dung phuong
phap Medium Common Mode:

+ Sila S1b Silc
S2a S2b S2c
Vdec ——~q
2
Sila Sib’ Sic’
—Vgc — G
S2a S2b’ s2c’
- (0]
A B C
Va(/)k vt;% véoK

Ual[l:l Ubll;] N Ucl[l]

Hinh 1. So'd6 BNL dp ba mirc NPC
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TN | T Tveo
V2dc T Vref 1 Vbo K
MJ— Vref 2 vao S

T T %¢ vy

i N
B Tsw _ VOmin= - Min(Vx0)
Si1x VX0 | S1x | S2x
I I Vdc 1 1
sS2x Vdc/2 (0] 1
(o) (0] (6]

X = a,b,c

Hinh 2. Giai tich BNL dp ba mirc dang NPC:
Phwong phap SPWM va dién ap ngoé ra BNL
twong 1ing véi cdc trang thdi dong ngdt ciia cdc
khéa céng sudt.

VOmin = VMln Mln(\/xo) (9)
VOmax :Vdc _VMax _Vdc Max(\/xo) (10)
Voffset = Vomax ;Vomin (11)
eref V + Voffset (12)

V0. dién ap diéu khién tir ngd ra khdi diéu
khién truot. Cha ¥ rang: dién 4p tai chi khac
dién ap nghich luu thanh phan Vo nén ta c6 thé
xem Vyo nhu thanh phan offset cho tin hiéu
diéu khién.

V. dién ap diéu khién dwa vao khéi PWM
cua bd nghich luu.

IV. HE THONG DPIEU KHIEN TRUQT
PONG CO KHONG PONG BQ

Hé thong diéu khién trugt DPCKPB nhu
trong hinh 3, gdm c6 2 vong: vong trong 13 bo
didu khién moé-men va tir thong s dung ky
thuat didu khién truot; vong ngoai 13 bo diéu
khién PID hiéu chinh téc do.

4.1 Vong diéu khién trong

Ngudn DC
Ua
[usa]‘) Uy §
) ] ]
o, T 5 X - Dong
TN oo dB? B0 diu 5 o
+ + ¢ oy chéva [ khong @
— —Pres khién N Lyl dd
a0 Xung_, ong
+ ot | kich ?» bo
(8,85 )
A Isy
R ¢, Bo uoc luong lsp
Te tir thong vamo[«— | @
men

Hinh 3. So dé khéi b diéu khién truot DPCKPB
Tu (5) va (7) ta co:
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2 . .
- [Lm (IsaWra + Is/;"//rﬂ) - '//rz] (13)

B=2, 7,y +V i) = -

v 2 3 . . . .
¢ = _[(-}/ __)Lm (ISal//ra + Isﬁl//rﬂ) + wLm (Isﬂy/ra - Isal//r/;’)

I’

l+o

(—)l//r+ T”” (i7 4 )+U (U +ugvp)] (14)

Te = /u( s/IWra + IsﬂWra - saWr/I - sal//r/I)

- u[w%)(isaww W)= 0l i+ KY)
b (U U) ] (15)
oL,
pat: e, =g, —¢ (16)
va e =T, -T, a7)

Véi ¢, va T lan lugt la cac gia tri
mong mudn cia ¢ vaT (T latin hiéu ra cia
vong diéu khién toc do).

Mat trugt dugc dinh nghia nhu sau:
Sl = T¢é¢ + e¢ = T¢ (éref _¢) + (¢ref - ¢)
SZ = eT = Tref _Te (19)

7,>01a hang s thoi gian cua dap Gng tir

(18)

thong & ché do truot. Néu P ref 12 héng sd, ta co:
Si=-71,4—¢ (20)

Se=¢ =T,—T, (21
Thay (13), (14) va (15) vao (20) va (21),

ta co:
S |_ |:A:|+|:311 alzJ[usa} (22)
S' B a21 a22 usﬂ
2
voi
—21¢ 3 . . . .
= _[('?/_?)Lm (Isal//ra + Isﬂl//rﬁ) + wLm (Is/}l//ra - ISaV/rﬂ)
4o, , L2 . )
+(— )y, +=A +| -—[L +i -
(O'Tr )l//r Tr ( )] [ ( al//ra s/jl//rﬁ) l//r]

R 1 ) .
B=To —ullr+— (o +ig s + Ky )]

r

)(isal//rﬂ - is/}(//ra) -0

all - T GL l/’ra’ a12 - Tr O'LS l//rﬁ ’
M H
a ’ A =——Y,,
21 = oL, — Yip 22 oL, "4
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Pé S;—0 va S,—0, luat diéu khién
duoc xac dinh nhu sau:

| ksat(s,)
| k,5at(S,)
voi kg yé k, 1a céac hing sb duong; kl,!<2
anh hudng dén tinh bén viing cta bd diéu khién
doi voi sai s0 ctia mo hinh. ky,k; cang 16n thi do

bén viing cang cao, tuy nhién s& lam ting hiéu
ung chattering

S, (23)

S,

-1 if x<-1;
. (24)
sat(x) =4 X if —1<x<1;
1 if x>1

Ham sat(.) duoc sir dung thay thé cho
ham dau (signum) d€ giam hi¢u ting chattering.

Ttr (22) va (23) ta c6 tin hiéu diéu khién:
-1
usa :{an a12} |:_klsat(sl)_A:| (25)
uSﬂ Ay ay _kzsat(sz) -B
Ug, s Ugp la gia tri dat cho bo nghich luu 3 muc
NPC. Bo nghich luu dwoc diéu khién bang
phuong phdp SPWM da trinh bay trong phan
(111).
4.2 Vong diéu khién ngoai
Vong ngoai 1a b diéu khién PID higu
chinh toc do:

Ge(s) = K, +Kys+ % (26)

Ngo vao cia bd PID la sai so gitta toc do
mong mudn @, Va toc do thuc @ . Ngod ra cua

bo PID Ia tin higu dat cho by diéu khién mo-
men. Cac thong so0 Kp, K|, Kp duoc lua chon
dua trén phuong phap “thir sai”.

4.3 Uéc lugng tir thong rotor ¢ va mod-men
dong co T,

Tw thdong rotor dugc udc luong tir 2
phuong trinh (3) va (4).

MO-men dong co dugc udc lugng tur
phuong trinh (5).

V. MO PHONG VA THUC NGHIEM
5.1 Két qua mé phéng

15

Hé thdng duoc thiét ké véi cac thong sb
dong co nhu sau: Ry = 8.41Q; R, = 10Q;
L=0.75H; L; = 0.70H; L, = 0.66H; p =1,
J=0.01kgm?. Cac théng sb cua bo diéu
khién:z'¢ = 0.05s; k; = 500; k, = 500; Kp=3.60;
K,=0.50; Kp=1.0

Giai thuat diéu khién dugc md phong
trén Matlab/Simulink. Pong co dugc khdi dong
khong tai. Tai t=0.2s, tai T =2.5(N.m) duoc
déong vao. Tai t=ls, ddng co giam tde, tai
t=1.5s, dong co dao chiéu. Két qua mo phong
dugc trinh bay trong hinh 4 va 5.

60 T
— = wref

wl [
{ | w2

N
o

N
o

o

Dap ung toc do (radls)

N
[e]

(a) time(s) \L

N
o

o 0.5 1 1.5 2
15
N Mel
=o Me2 [
= Meref
S 5
S, 7 7
=
Ss
g
<10 b §
time(s)
15
o 0.5 1 1.5 2

Hinh 4. Két qud mé phong: (a) toc dg,(b) mo-
men
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Hinh 5. Két qua mé phong: (a)tir théng rotor,
(b) dong dién stator.
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Trong hinh 4, chu y réng o1, Mg 1a dap
tmg toc d6 va md-men khi tham s6 mo hinh
dong co (R ) R:, Ls, L;, L) trung voi tham sb
bo didu khlen (dép mg danh dinh); ©,, Me la
dap tmg téc d6 va mo-men khi tham s mo hinh
dong co tang 1.5 1an so v6i md hinh danh dinh.

Ta thiy hé co dap tng téc d6 nhanh va
sai s xac 1ap nho, mé-men dong co & trang thai
xac 1ap it dao dong, tir thong rotor quay tron va
dong dién stator 3 pha c6 chét lugng tot.

5.2 Két qua thye nghiém

Co céu phan cing cta bo diéu khién nhu
trong hinh 6, bao gdm céc thanh phéan sau:

- Card diéu khién dSpace DS1104.

- BNL ba muc su dung IGBT FGL60N100-
BNTD (60A,1000V). Nguon DC dugc cap
tir bo chinh luu va hai tu 4700uF/200V.

- Cam bién dong sir dung LEM LA25-NP.
Dong dién do vé dugce loc boi bd loc thong
thép bac 2, tan sd cat 500 Hz. Encoder ¢6
d6 phan giai 2048 xung/vong.

- PCKDB c6 cac thong s6 dinh mirc: Cong
sudt 2.2kW, dién ap 230/400V, dong dién

4.55/79A, toc do 2880 vong/phut, s6 cap
cuc p=1, hé sb cong suit cos ¢ =0.85.

- Pong co dugc ndi truc véi may phat DC
(dung lam tai).

Hinh 6. Co cdu phan cimg ciia bo diéu khién

Céc két qua thue nghiém dugc thu thap
tu chuong trinh DSPACE Control Desk va dao
dong ky s0 20MHz Tektronik.

VI. KET LUAN

Bai bao dd xay dung h¢ thong diéu khién
DCKDB trén hé toa do tinh aff vdi 2 vong diéu
khién: vong di€u khién trong la vong di€u khién

16

da bién tir thong rotor va mo-men dong co ding
phuong phap trugt. Dé giam hién tuong
chattering, cic ham dau (sign) dugc thay thé
boi cac ham bao hoa (saturation) trong (23).
Vong diéu khién ngoai 1a vong diéu khién toc
dd dong co dung phuong phéap PID.

Céc két qua md phong cho thay hé thong
diéu khién duoc thiét ké co chit luong tét (dap
rmg nhanh, khong qué diéu chinh) va bén viing
dbi voi cac sai s6 mo hinh (dién tro, dién cam
rotor, stator...).

Telk @ Stop

M Pos: 422.4ms CH1

Coupling
B Lirnit
100MHz
'u.l'oltsflilw

Yaoltage

Inwert

1"
oltage

Invert
z : : : 0ff
M 10.0mns CHY &7 160y

CHT 200m%  CH2 20,0

indaw
Flattop

FFT Zoom

CH1 10.0dE

125Hz C2505/4) Flattop

Hinh 7. Di¢n dp tdi pha A (a), dong dién stator
(b) va phdn tich pho dong dién stator (c).

H¢ thong diéu khién dugc cai dit 1én h¢
thuc vdéi nguon nuodi 1a BNL &p ba mirc NPC va
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card didu khién DSPACE DS1104. Két qua
thuc nghiém cho thay hé thong diéu khién co
dap tmg nhanh, it qua diéu chinh, sai sd xac 1ap
nho. Cac BNL hoat dong tét, hoa tan thap.
Hudng phat trién ciia dé tai 1a tmg dung
hé thong dicu khién dé thiét ké vao cac hé
truyén dong cong suit 16n voi yéu ciu chat
luong diéu khién cao.
10
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Hinh 8. Két qua thuc nghiém: Tir thong rotor
woc luwong tir phuwong trinh (3) va (4).

TD........... ........ EEEERREE e REREEREE

G601

501

401

we & wref (rad/s)

30

20-

104

Te(M.m)
[mr]

Hinh 9. Tang téc: toc do (a), momen (b)
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Hinh 10. Giam toc: toc do (a), moémen (b)
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Hinh 11. Pdp img qud dé toc dp khi tang toc
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Hinh 12. Pdp img qud dé toc dp khi giam toc
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