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Abstract

The paper presents the results of Backstepping based control design for speed regulation of the load motor to
match speed reference, furthermore to ensure "fast, accurate and small overshoot" electrical drive’s response
and to reduce resonance oscillations for a two—mass system comprises of an induction motor fed by voltage
source inverter with ideal control performance of stator current. This result is evidenced by Matlab-Simulink at
the point the IM operates at a steady-state speed (flux rotor is constant) and the motor operates at field-
weakening mode. The results of the research is the introduction of a new design direction, reduce the calculation
for the speed control and the flux control of the two-mass system.
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Téom tit! d Nms/rad Hé sb giam chén
Bai bao trinh bay két qua nghién clru thiét ké m, Nm Momen dong co
Backstepping diéu khién toc do may cong tac bam sat m, Nm Momen may dong co tai
toc dat, dam bao tét cac yéu cau dap (g truyén dong N M5 , i t e
dién”nhanh, chinh xdc va qud diéu chinh nhé”, dong . m omen c1‘1’ng cua} Tuc not
thoi giam hién tuong dao dong cong huong cua hé my Nm Momen giam chan
truyén dong khong dong bo hé hai khéu quan tinh J Nm Momen quén tinh dong co
ghep meém, nudi boi nghich luu nguon ap khi két hop ! . o .
v6i mach vong dong 1y tuéng. Két qua duoc minh J, Nm Momen quan tinh dong co
chimg bang m6 phong Matlab-Simulink, trong truong . tal N o
hop dong co IM van hanh & ving téc do dinh (r  iw A Dong di¢n DK tir thong
théng béng’ hang s0) va dz_“ic’ biét dong co IM van hanh » A Dong dién DK moémen
o ,Che ‘?‘-’ tof do 10? horr} toc d? du,]h m‘uc (\iung suy L H H6 cam gitta stator va Rotor
giam tur thong). K€t qua nghién ctru nay, da dua ra m .
huéng thiét ké méi, giam dugc khéi luong tinh toan L, H bién cam rotor
cho b dicu khién toc do, tir thong cua hé hai khau Ora T thong rotor
qukén tinh truyén dong khong dong b vai ghép noi T 1Ls Hing s6 thoi gian rotor
meém.
s Toan tir Laplace

Ky hiéu G(s) Ham truyén dat
Ky hiéu. Ponvi Y nghia Py S
A,B Ma tran cua mé hinh Chir viet tat . . \ .
b Ma tran ctia bién didu khién DCKDB-RLS  Dong co khong dong b) - rotor
v Ma tran ciia bién nhiéu long soc.

¢ Rad Gia tdéc géC KbB Khong dOIlg bO

] N M Induction motor (dong co KPB)
@ Rad Van toc goc DK Diéu khién

Q Rad Goéc quay
c Nms/rad  Hg sb cting quy vé truc 1. Pat van dé

Trong hé thong truyén dong dién hién dai yéu cau
chuyén dong chinh xac 1a can thiét. Vi vay viéc truyén
lyc moémen tir dong co dén may cong tac dugc thuc
hién bang cac khop ndi, hay khép ndi mém con duoc

' Ngay nhdn bai: 13/12/2017; Ngay nhdn ban sia:
29/05/2018; Ngay chap nhan: 29/05/2018; Phan bién:
Nguyen Nhu Hién, Poan Quang Vinh

16



CONG TRINH KHOA HQOC

g01 1a hé hai hay nhidu khau quén tinh. Hé théng nay
can quan tim dén d6 cing cua truc dong co, d6 la
nguyén nhan chinh gy ra hién tugng cong hudng co
hoc, dan dén do6 chinh xac tc do, vi tri khong cao [1],
[2]va [3]. Hién “nay cung véi cac giai phap co hoc,
diéu khién thi cau triic dleu khién hé 2 khau quan tinh
v6i khép ndi mém truyén dong KPB, duoc nudi boi
nghich luu ngudn 4p, twa theo tir théng rotor dugc
quan tdm nhiéu, dé khic phuc cac sai 1éch diéu chinh.
Béi vi cdu triic diéu khién d6 mang dén cho ngudi
thiét ké tuong ddi thoai mai trong viéc lya chon mot
ludt didu khién tuyén tinh, phi tuyén dé giai quyét bai
toan bam cho timg mach vong diéu khién [5],[6],[7]
va [8]. Bé d& dang cho viéc nghién ctru va tinh toan,
thi nguoi ta coi hé truyén dong nhu 1a ghép clng tuyét
dbi, co nghia quy doi tat ca cac dai lugng toc do,
momen, vin toc, luc va moémen quan tinh cta mdi co
c4u ctia truyén dong vé truc dong co, sao cho dam bao
ning luong cua hé trude va sau khi quy doi khong
thay d6i [4]. Tuy nhién trong thye té it xay ra truong
hop ly tuéng ma viéc ghep ndi gitra dong co va may
cong tac qua hop s0, truc n6i bang thép nhu H.1 s€ c6
cac ddc diém phi tuyén: dan hdi (10 xo), khe hd, ma
sat...

Phia may cong tac
phu tai

Phia djng co
truyen djng

Hop s6 Tryc ndi
My m
J, A
PT: c 1 pT:
Khe ha Ma sat
d

@ Trye e6 khii lugng )
i bing khong Lo
wr=m P2 =M
1 L P2

H. 1 Ghép néi dong co truyén dong véi mdy cong tic

Véi ghép nbi truyén dong nay, mo hinh trang thai
hé truyén dong khong ddng bd hé hai khau quan tinh
v6i khép néi mém c6 bac 7 (m6 hinh BPCKDPB-RLS
bac 4, m6 hinh hé 2 khau quan tinh 1a bac 3), dan dén
viée xay dung va cai dat bo didu khién, bién tan phirc
tap. Dé giai quyét van dé nay, thi trong ciu trac diéu
khién tua theo tir thong rotor, PCKPB-RLS dugc coi
nhu nudi boi nghich Iuu ngudn dong véi didu kién b
diéu khién dong stator thoa man 3 tiéu chi “nhanh,
chinh xdc va khéong twong tac”. Theo [9], [10] bo diéu
khién tuyén tinh dead-beat di dwoc thiét ké thanh
cong cho mach vong dong stator cua dong co IM, lic
nay dong dién thuc iy bam véi dong dién i dit sau )
hiru han budc trich mau vong trong (sau hai chu ky
trich mau, n=3) (H.2).

Van dung Kkét qua nay, md hinh trang thai hé 2
khau quan tinh duoc giam xubng con 1a bac 3 nhu
cong thie (4) khi dong co van hanh & dai toc do dinh
muc va bac 4 nhu cong thuc (6) khi IM hoat dong
ving suy giam tir thong. Nho d6 thiét ké diéu khién
toc do hé hai khau quéan tinh véi khép ndi mém s& don
gian va hiéu qua, dung vdi yéu cau cong nghé.
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M=NRK 127=nA4
H. 2 DPap ung dong dién (hinh anh phong to)

Bén canh do6 trong hé 2 khau quén tinh v6i khop
n01 mém, do sy mém déo hay dan hoi cua by phén
nbi, hodc su khong cing ving & khop ndi giira dong
co va may cong tac, ciing v6i su khac nhau giita tc
d6 cang nhu vi tri cia dong co IM va may cong tac,
lam xuat hién mémen xodn trén cac truc ndi, hién
tuong dao dong cudng burc trén cac truc nay xay ra.
Hién tuong dao dong nay phu thude vao hé s6 cimg ¢
va giam chin d cua truc ndi kha rd, thé hién qua H.3
va H4.

Magntude (¢8)

Phase (deg)

H.3 D6 thi gidc tinh tan bién - pha khi h¢ s6 giam chén d
thay doi

Vagpitute ()

Prum g

H. 4 Do thi dic tinh tdn bién - pha hé s6 cing truc quy vée
truc ¢ thay doi

O hinh H.3 thdy rang khi cang ting hé s giam
chan (d) thi bién d6 cong huong cang giam, khi hé sé
d=0 thi hién tuong cong huong xdy ra nghiém trong
nhat. Hinh H.4 thé hién hé s6 cimg truc noi (¢) cang
16n thi tin sd cong hudng cang 16n, dai tan s lam
viéc dudi cong huong dugc md rong c cang 16n thi
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truc khép cang ctng, téc do thuc may cong tac bam
v6i the d6 dat tot hon. Vi vy cac hé sb nay din dén
anh huong chit lugng ciia hé truyén dong, lam giam
hé s6 6n dinh, co tac dung giam hiéu suat hé tmyén
dong [11], [12]. Chinh diéu nay nén rat can dua ra cac
giai phap dé giam va dap tit dao dong cong hudng.
Trong bai bao s trinh bay mot giai phap diéu khién
mach vong ngoai cua hé dong co ghép mém véi phu
tai, s dung phuong phap didu khién phi tuyén
backstepping (cuon chiéu). Phuong phap didu khién
ndy co dac diém tim ra b diéu khién duya trén nguyén
tac tim dan ham diéu khién Lyapunov tir cic mé hinh
con, dé cubi cung tim ra dugc ham diéu chinh phan
hoi trang thai dam bao h¢ thong on dinh toan cuc. Véi
cach thuc hién thiét ke nay thi dbi tuong phi myen
duogc chuyen sang tuyen tinh, vi vay voi uu d1em bo
bK tuyen tinh PI dé diéu chinh va mong mudn bo
diéu khién nay s¢ mang lai két qua kha quan trong
diéu khién téc do hé truyen dong hé hai khau quan
tinh ghép ndi mém [13].

Trong bai bao nay sé trinh bay moé hinh dong ly
tuong, thiét ké bo diéu khién backstepping cho mach
vong ngoai tée do, tir thong, thiét 1ap quy dao va kiém
nghiém tinh dung dén cua 1y thuyét qua két qua mé
phong. Két qua minh chimg cac dap tmg dong hoc
ctia bo diéu khién dong dién stator, tbc do, tir thong,
mod-men, khi dong co IM van hanh ¢ dai tbc d6 dinh
muc va dac bi¢t vung suy giam tu thong. Pay la
huéng nghién ctru khac, hira hen mang dén nhimng
dong goép khoa hoc vao cong trinh nghién ctru diéu
khién tdc d6 cho hé nhidu khiu quén tinh, nhidu vat.

2. M6 hinh dong co KPB-RLS khi mach
vong dong i ly twéong
Mb hinh trang }héi cia DPCKPB-RLS dugc nuodi bdi
nghich Ivu nguon ap trén hé toa do tua tir thong rotor

[5], [6], [7] va [10]:
di_, Lo =o)L
= — l w1
dt O'TS O'Tr sd s'sq
l—o 1
+ m + usd
oT, oL,
di, ) 1 -0
= - \lsd I s
dt ol, ol |™ 0
l—0o .
— wi, + Ug,
J s
di, 1
= __lm +_lsd
dt T ]
dw z
=kii_ ——L2m
dt m'sq J L

M6 hinh trang thai dong co IM 1a md hinh phi
tuyén bac 4, kich thudc ciia vector bién trang thai s& ti
1¢ v6i khdi lwong tinh toan can thiét. Khdi luong tinh
toan nhidu va phirc tap trong cai dat bién tin. Khi bo
didu khién dong ly tuong thi mo hinh trang thai rat
gon cua DPCKDB-RLS [5], [6], [7], [8], [9] va [10]:
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= - 4 —i
dt T, m ) sd
d z
G Kl = @)
t
2
i — Qprd . _ii
"L~ 2LJ

MBJ hinh trang thai méi (2) chi con 1a bac 2, minh
hoa hai qué trinh tir hoa va tao md men quay ¢ dai tdc
do6 dinh muc. Trong d6 cac thanh phan dong (Isa» isq)
bam theo luong dat (zjd, zsq) thanh phan dong iy
thuc sy tr& thanh bién didu khién qua trinh tir hoa,
dong i, thuc su tré thanh bién diéu khién qua trinh
chuyén dong.

3. Mo hinh dién co hé 2 khau quén tinh
khép ndi mém
Theo [14] ta ¢c6 mo6 hinh trang thai cua hé hai khau
quan tinh v6i ghép mém & ving tde do dinh mirc (3).
Vung nay dong co ludn dugce tur hoa voi gia tri dinh
muc, c6 nghia: tir thong rotor %, luén duogc didu
khién 6n dinh tai gia tri dinh muc. Khi éy momen
quay m,, ty 1¢ thuan truc tiép v6i dong i, va my,,
duoc coi 12 bién diéu khién diu vao cta hé théng co
hai khau quan tinh, vong diéu khién vector dong
stator i, dugc thay thé béi khau PT1.

.. d . ¢ d . 1
?, :__¢7|__A¢)+_(/72+_m.w
1 1 Jl Jl
L 3
A¢:¢1_(pz ( )
. d . ¢ d . 1
P =— @+t —Ap——p,——m,
JZ J2 JZ JZ

~ MO hinh trang thai h¢ hai khau quan tinh véi khop
noi mém (4) duogc viet lai nhu (5):
-7 [ d c d ]
® - - .
I J] Jl 1 ¢]
Ap |=| 1 0 -1 || Ap
.. d c .
?, -  —  ——|L®
L J J J, |~
— 2 2 X
X A
e _ -
J, 0
+|0 I’i% +|0 rzﬁ
0 | " O
JZ
_W—'_ _H/_j
b v

x(t) = Ax(t)+bu(t)+ vz(t)

Vé6i: u(7) 12 bién diéu khién; z(¢) 1a bién nhiéu

“4)
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Dic biét khi hé dong co IM dugc van hanh & tdc
d6 ngoai dai dinh mirc (ving suy giam tir thong). Luc
nay tu thong 1, khong con duoc coi la hang so, ma
dugc diéu khién thay ddi véi dong hoc cua toc do
quay phia truc dong co w, =¢,. Dong tir hoa qua
trinh tr hda dugc mo ta bdi quan hé sau:

. 1 . l‘x{
i =—i +— ®)

m m

T T

Theo [14] mé hinh trang thai ddy di cta hé thong
dién - co khi ¢ vung suy giam tir thong:

1 1. -
— 0 0 0
: Tr im
" d c d 2
P, o -— -— —
= J, o J, || Ae
Ap
0 1 0 -1 ,
® ()
- . c d
b i J2 J2 J2 ] —Hx,_? (6)
A
M1 ] _ -
J— 0 0
TV
0
k i i
+| 0 o |:'Ad :| +]0 my
Ju lxq ?
~—— 1
0 0 u ——
L JZ .
o0 —
B(x)
X(#) = Ax(t) +Bu(¢) + vz(t) @)
y(1) = Cx(?)

Mo hinh (7) ¢6 chtra thanh phan B(x)u(¢) phin
anh dic diém phi,tuyén dang bilinear (tich giita bién
trang thai 7,, va bién vao iy,).

4. Thiét ké b diéu khién backstepping
cho mach vong ngoai hé dong co ghép
mém véi phu tai, khi dong co 1am viéc
& vung suy giam tir thong

bong co KDB-RLS thuong van hanh ¢ dai tdc do
dinh murc, tuy nhién ¢ nhitng treong hop dac biét yéu
cau tdc do dong co 16n hon tdc do dinh mirc, luc nay
tir thong phai giam xudng dé dam bao khong bi qué
dién ngudn. Chinh vi thé bai bao s& trinh bay tap
trung nghién ctru dong co KDB-RLS lam vi¢c ¢ ving
suy giam tir thong, do d6 mo hinh trang thai hé truyén
dong hai khau quan tinh v6i khép ndi mém (9), dugc
su dung dé thiét ké cac bo diéu khién mach vong
ngoai: tir thong va toc do.

4.1 Thiét ké bo diéu khién tir thong ,
Xuat phat tir phuong trinh (8) va van dung ly thuyét
backstepping ta c6 ta c6 bo diéu khién tir thong R,
nhu sau:

Dat: z, =i, —i, (i, 1a gia tri dit cta tir thong )

m
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Cdi, di
= ®)
dt dt
1 1 di’
=i i, ©
T T dt

Ta thay (9) 1a mot phuoqg trinh phi tuyén dang
dx/dt = f(x,u,r) Vv6i z; 1a bién trang thai; iy, la tin
hiéu dau vao (hay tin hiéu diéu khién). Theo tiéu
chuén 6n dinh Lyapunov, can ton tai ham V(z,) xac
dinh duong dé (11) 6n dinh tai gdc toa do z;=0. Vay :

Chon ham:

V(z,)zlzfzo (10)
2
Khi do:
. ] 1. 1. di
V(z))=1zz =z [_Eln1 +7rlsd - d ] (11)

Dé thoa man theo tiéu chuan Lyapunov :
V(z)=—cz" < 0¥z (c;lahang s6 duong) (12)
Thay (12) vao (11) ta dugc:

di’

i, ==Lz +i,+T, (13)
dt
Thay i, ~i,;i, ~i, vao (13) ta thu dugc :
. di,
Iy =—¢Tz +i, +T—* (14)

dt
Nhan thdy: i, 1a tin hi¢u diéu khién thuc, d6 1a
lut diéu khién vong DK tir thong PCKDB-RLS duoc
xay dung va biéu dién bang cong thuc (14).

4.2 Thiét ké b diéu khién tbc dp
Theo [14], phuong trinh di€u khién toc d§ nhu sau:

. 1 ki c A d . n d .
P =KLy, TR TP
1 Jl ! Jl Jl ] Jl ’
(15)
. d . n c A d . 1
= — -, ——m
P, 7 P 7 2 7 (2 g

2
Ta thdy hé c6 dang tam giac dudi nhu sau:

2 2 2

dy ..
2= [Grn)
(16)
d¢ L
d_[lz f([sDZ’(fQI ]’l_yq)
e Budc 1: Xét @,
bat:
2, =P =Py = 22 =P — P (17)
Chon ham Lyapunov:
1
=g (18)
dv, .
:>7t2: Z, 22 (19)
Thay (15), (17) vio (19)
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y d c d 1
Vi=z,|pyy ——p——Ap+—@p,+—m
2 2| Paa J24/71 7, P JZSOZ 7, L]
__d >
J,
TIPS PP - WL AT ST
2| P24 7, #1 7, ¥ 7 Paa 7, L
. . ‘ (20)
bé thoa man ti€u chuan Lyapunop can c6:
d c d 1
by —— P ——ADNp+—p,d+—m,; |=0
Paa 7, P 7, ¥ 7, (2 7, L
L ot = Gy Ly +
7, P1 7 P1 = Paa 7, Paa 7, L 7, 12
= dptep =0, +dgy+my +cp,
21
T day ta co:
1 c
Dy =y +—m, ——A 22
$1= P PR ¥ (22)
Vi dao ham cua gié tri dit bang khong.
e Budc 2: Xét ¢,
bat:
Z =P $ (23)
=z =P, % (24)
Chon ham Lyapunov:
I o, 1,
Vi=—z,+—z 25
1 2 2 2 1 ( )
=V =2z,22 +2z2 (26)

Thay (15), (24) vao (26)

Vl—fizf
JZ
. d . c d . 1
+2, [Py +72991d_72A‘ﬂ+72972d+72mL
d ,
ay
Jy

T P L) NPREL. L L
1| %P1 7, whnlsq 7, ¥ 7, Pra 7, 12 7, 2

27
bé ¥, thoa man tiéu chuén Lyapunov can co:

1 c d d d
by ——k ii A —Ap+—p—— @yt —2, =0
Pla e sq 7, 12 7, Pra J, P2 7] 2
L Sy L S

Pod 7, Pra 7, ¥ 7, P2 7, L

e A, A
sq ki |7, ¥ 7, Pra J, ¥2 7, 2
. o (28)
B dicu khién toc d6 nhu:
* . . dJ
isq: —|cAp+dp,—dp,+ J] ZzJ (29
w m 2
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Nhén xét: i, 1a tin hiéu diéu khién thyc. O day bai
bao coi m,, la gia thiét biét trudc duge. Vi vy tim
dugc luat didu khién vong DK tc do quay DCKDB-

RLS, duoc xdy dung va biéu dién bang cong thirc
(29).

4.3 Thiét 13p quy dao cho tir thong va toc dd

Khi thiét ké bo diéu khién thuong dé gia tri dat 1a
hing s6 (quy dao dang budc nhay ) ma ¢ nhiing
khoang thoi gian dau tién, sai 1éch s& 16n khién cho b
diéu khién doi hoi dau vao 16n. Tuy nhién, dap ung
cla co ciu chép hanh ctia DPCKDB 14 hitu han, nhiéu
kha ning s& khong dap mg dugc yéu cau cta bo dicu
khién. Vi vay phuong phap diéu khién theo nguyén ly
backstepping s& “lam mém” tin hiéu dit bang cach tin
hiéu dat s& bién doi tir tir dé cho kha niang dap tng cua
hé théng dwoc mém mai va tt nhit. Dang quy dao
lya chon ¢ day 1a khau quan tinh béc hai, bdi vi trong
cac cong thirc biéu dién luat diéu khién (14) va (29)
can st dung dén dao ham bac nhat, nén dang quy dao

i va @ s&phaikha vi bic nhat.
o Thiét ké quy dao tir thong 7
i) 1 1

= = (30)
i (s) (1+];s)2 1+2Ts +T°s°
Trong d6: T} 14 hing s6 thoi gian quan tinh
Vay trén mién thoi gian:
,di di. .
42— +i, =i,
dt dt
e €1y
d’i 1|, i
= 2L
T dt

So dd khéu thiét ké quy dao tir thong nhu H. 5.

r—-————-—————-———¢ —————1 , di

.dl |

i) dt

|
ST

oy

H.5 Khau thiét ké quy dao i;
e Thiét ké quy dao toc do ®
wis) 1 1

= = (32)
w’(s) (1+Tzs)2 1+2T,s + 1,5
Trong do: 75 la hing s6 thoi gian quan tinh
Vay trén mién thoi gian:
2 % *
1l o
dt dt (33)
d*w’ d . dw’
T | W W 2L ——
dt T; dt

So dd khau thiét ké quy dao tdc do nhu H. 6.
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H. 6 Khdu thiét ké quy dao ®

Backstepping cho mach vong ngoai
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Tir thiét ké bo diéu khién tir thong, tc d6 va thiét
1ap quy dao & trén, thi cau trac didu khién twa theo tir
thong rotor v6i vong trong didu khién dead-beat va
vong ngoai backstepping ctia hé hai khau quan tinh
v6i khép néi mém nhu hinh Error! Reference source
not found..

VSI

HH
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H.7 Céu tric diéu khién FOC véi vong trong PK dead-beat v vong ngodi PK backstepping ciia hé hai khiu

qudn tinh véi khép noi mém

5. Két qua mo phong
Xay dyng khao st trén Matlab-Simulink v&i bo diéu
dong 1a dead beat, vong ngoai didu khién
Backstepping (H.7) véi bang théng sé nhu B.1.
Vi kich ban m6 phong nhu sau:
e Tait=0.1s khdi dong tao tir thong.
e Tait = 2s tang tbc dén gia tri dinh muc 2000
vong/phut.
e Tai t=2.5s dong tai dinh mirc (day tai)
e Tai t=4s ting tdc 1én 2500 vong/phut
e Tai t=6s thuc hién dao chiéu quay dong co xudng
dén -2000 vong/ phut.
e Tai t=8s tang tbc 3500 vong/ phit.
e Tai t=10s thyc hién dao chiéu quay dong co xudng
dén -3500 vong/ phut.

Két qua mod phong cho thiy bo diu khién tir thong
cho chét luong tdt khi gia tri thyc bam sat gia tri dat
sau 0.1s, dong dién gia tri thuc iy, d3 bam rat sat gia
tri dat. Tai thoi diém t=8s dén t=12s c6 su suy giam tir
thong nén dong i,; giam xubng. Suy giam tir thong
nhim dit duoc toc do ngoai dinh mirc ma khong anh
huong dén t6i han cua dién ap dicu ché (HS).

B. 1 Bdng thong s6 ding trong cdc mé phong

1. Théong sé déng co Ky hiéu  Gia tri
Cong suit dinh mirc Prom 0.5 kW
Téc d6 dinh muc Npom 3000 vg/ph
Dong dién dinh muc Loom 10.4 Arms
bién ap dinh muc Uom 220 Vrums
S6 ddi cuc 7, 1

bién tro rotor R, 0.42 Q
Dién trg stator R 037Q
bién cam rotor L, 34.25 mH
Pién cam stator L, 3441 mH
Hb cam Ly 33.1mH
Hé s cong sudt cosQ 0.9

Hé s6 tir tan toan phén c 0.0704

Mo-men quan tinh IM ~ J, 0.00641 kgm?

Mé-men quan tinh tai 1, 0.00523 kgm?
Hé sb cuing truc c 27200Nm/ rad
Hé s6 giam chén d 0.313Nm/rad/s
2. Thong s6 bd diéu khién
Tén s0 diéu ché fowm 5 kHz
Thoi gian trich mau

- Vong trong T, 200 ps

- Vong ngoai Tow 2 ms

¢, =¢,=500; [ =1,=057T=0.025T =03;
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H. 8 Dap ung tir thong va dong dién iy

Bén canh d6 ca thanh phan dong tao tir thong va
dong sinh mémen déu bam chinh xac theo quy dao
dat & tit ca cac ché do lam viéc duoc khao sat, tuy
nhién tai thoi diém qua d9 thi dong dién iy c6 sai I¢ch,
nhung rat nho, diéu d6 chimg to dam bao tach kénh da
thuc hién t6t. (H.9).
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H.9 Ddp ung dong dién dong dién iy va iy,

Hinh anh phoéng to trong khoang thoi gian 0.01s
(ttc 1 5 chu ky trich mau vong ngoai H.9) sé& thé hién
1& hon thoi gian dap tmg hitu han ciia vong diéu chinh
dong dién vai bo didu khién dead-beat (sau 2 chu ky
trich mau) H.10.
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H. 10 Dap ung dong dién (hinh anh phong to tir H.8)
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Trén co so didu chinh dong dién stator phia trong
dat duoc cac tiéu chi nhanh, chinh xac va khong
twong tdc, md-men dugc ap dit nhanh va téc do quay
ctia dong co tai ciing nhanh chéng dugc dua dén gia
tri dat trong khoang thoi gian ngan (0.15s ddi voi qua
trinh khoi dong va 0.2s dbi v6i qua trinh ddo chiéu)
(H.11).
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H.11 Dap ung t6c dg dong co tai W, va dong dién iy,

Khi dong co khoi dong & t=2s sau 0.15s toc do dat
gia tri dinh dat la 2000 vong/phut, dong iy tang lén dé
cung cap mémen, myc dich tang toc do dén gia tri dat,
sau khi toc do da dén gia tri dat, tai thoi diém nay hé
truyen dong chay khong tai, dong dién iy, va mémen
bang khong. Tai thoi diém t=2.5s dua 100% tai vao,
gia tri dong i Isq tang 1én dé tao momen cén bang voi
momen tai va ig; =10A. Tai thoi diém t=4s tang toc do
dat 1én 2500 vong/phut, dong iy, tang lén aé tao
momen can bang véi su ting toc do, khi tbc do da on
dinh dong iy c6 gia tri 10A. Tai thoi diém t=6s thuc
hién dao chiéu v6i tbe do -2000 vong/phiit, c6 thé
thay gia tri thuc ciia dong co bam gia tri dat sau mét
khoang thoi gian (0.2s). Gia tri dong iy giam xudng
dé mdémen giam can bang v6i voi mémen tai va dong
iy, trd lai gia tri 10A. Tai thoi diém t=8s tang toc do
1én 3500 vong/phut va tai thoi diém10s thyc hién dao
chidu véi tée do -3500 vong/phut (ving suy giam tir
thong), thi dap tmg tdc d¢ nhu tai thoi diém t=6s, tuy
nhién c6 hién tuong dong tur hoéa (tir thong) giam
xudng dé can bang stre dién dong trong hé thong véi
dién ap diéu khién cung cip, dé bién tan khong bi quéa
hé sb diéu ché.

6. Két luan

Vi cach t1ep can m6 hinh dong stator 1y tuéng vao
diéu khién téc do may cong tac ding véi yéu cau, dan
dén moé hinh trang thai giam Dbéc, thiét ké bo didu
khién toc do, tir thong giam duoc khéi lugng tinh
toan. Pong thoi bo diéu khién vong ngoai tng dung
backstepping cho két qua dap ung dong dién, téc do
va mo-men kha quan, dong thoi giam dao dong cong
hudng cta hé hai khau quan tinh véi khép ndi mém &
toan dai van hanh. Tir d6 khing dinh khi mé-men dit
tai tryc dong co IM dam bao nhanh, chinh xac thi
viéc thiét ké bo diéu khién vong ngoai don gian, dé
dang sir dung linh hoat cac phuong diéu khién tuyén
tinh hay phi tuyén.
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