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dong stator ly twong
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Tom tat

Trong cac nghién cuu ly thuyét vé hé truyén dong dién, thu’o’ng coi hé nay la hé ghép cting ly twéng, do do
hé sé ciing xoan cua khéu ghep néi va hé sé gidm chéan cua khop néi dwoc bé qua. Tuy nhién trong thuec té
viéc ghép nbi gitra ddng co va dong co tai qua khop néi mém, con goi la hé 2 khéu quan tinh. Hé truyén
dong nay, cac hé sé nay cén duoc nghién ctru, dé danh gia sw anh hwéng cua khap néi mém dén su suy
giam chét luong cua hé théng truyén dong. Trong bai bao sé trinh bay két qua nghién ctu thiét ké dleu
khién phang truyen dong dién khong dbng bé hé hai khau quan tinh ghép mém nu6i béi nghich Itu nguén
ap co vong diéu khién dong stator ly tu’cvng, tai thoi diém hé truyen doéng vén hanh trong toan dai téc dé (bao
gbm cé vung suy gidm tir théng). Cac két qua mé phdng cho thdy tinh ding dan va hiéu qué cta phuong
phép diéu khién da dé xuét.

T khoa : Truyén dong dién xoay chiéu 3 pha, hé hai khau quan tinh, nguyén ly phdng, mé hinh giam bac
Abstract

In theoretical researches of the electrical drive system, it is rigidly coupled system, the stiffness coefficient
and damping coefficient of the shaft are neglected. However, the electrical drive system with flexible
coupling, it is regarded as a two - mass system. This system, the coefficient negatively influences of flexible
coupling causing a decrease in the quality of the electrical drive system. The paper presents the results of
flatness based control design for two-mass systems using induction motor drive, fed by voltage source
inverter with ideal control performance of stator current with the induction motor working in basic speed
range and upper field weakening area. The simulation results presented the correctness and effectiveness of

control methods is proposed.

Keywords: Three-phase AC drive, two mass system, flatness-based control, reduced model.

1. Pit van dé

Tur trude dén nay vdi cc cong trinh nghién ctru
ly thuyet vé hé truyén dong dién, dé don gian thiét ké
bd diéu khién, thi thuong coi hé truyen dong dién 1a
hé ghép cung ly twong, c6 nghia quy doi tat ca cac dai
luong tde do, mémen, vén toc lyc va mbémen quan
tinh ctia mdi co cdu cua truyén dong vé truc dong co,
sao cho dam bao ning lugng cua h¢ trudc va sau khi
quy dbi khong thay d6i. Do d6 hé sé cimg xodn cua 1o
x0 (¢ ) va hé s6 giam chan cua khép ndi (d) duge bo
qua [1-3]. Tuy nhién trong thuc té viéc ghép nbi giira
dong co va may cong tac qua khop ndi mém (hop so,
truc ndi béng thép....), goi l1a h¢ 2 khau quén tinh véi
khop nbi mém (hinhl), Iac nay sy anh huong cac hé
s& cva d, dan dén anh huong chit luong cua hé
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truyén dong, lam giam hé s6 6n dinh va hiéu suét ciia
hé truyén dong [4-6].
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Hinh 1. Ghép ndi dong co truyén dong véi may cong
tac

H¢ truyén dong dién hai khau quan tinh khép
nbi mem dugc nudi boi nghich luu ngudn ap la hé
truyén dong dién phc tap, c6 tinh phi tuyén, mé hinh
trang thai bac 7 (md hinh PCKDPB-RLS bic 4, mo
hinh hé 2 khau quén tinh 13 bac 3), dan dén viée xay
dung va cai dat bo diéu khién, bién tin khong don
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gian va nhanh. D¢ giai quyét van dé nay, thi trong cau
trac diéu khién tya theo tir thong rotor, DCKDB-RLS
dugc coi nhu nudi boi nghich luu ngudn dong thay
thé cho nghich luu ngudn ap truyén thong, cé nghia
khi bo diéu khién dong stator thoa man 3 tiéu chi
“nhanh, chinh xac va khéng twong tac”, két hop véi
bd nghich luu ngudn ap thi dong co KPB dugc nudi
boi nghich Iuu ngudn dong. Dan dén mo hinh trang
thai dong co KDB-RLS chi con bac 2. M6 hinh hé
thong dién co véi vong dong 1y tudng thé hién cong
thuce (1) va hinh 2 [7-9].
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Hinh 2. M6 hinh véi vong dong 1y tudng

Tai hinh 2 nguyén 1y tao chuyén dong quay cua
truc rotor, chi con qua trinh tir hoa va chuyén dong
quay, bo diéu khién dong c6 kha ning ap dat khong
tré dong dién stator — thoi gian dap tmg tirc thoi, giam
dugc khdi lugng tinh toan cia bo diéu khién, dong
thoi thoi gian dap mg momen sau 2 chu ky trich mau
va xdy dung phuong phap diéu khién vong ngoai doc
1ap (c6 thé tuyén tinh hodc phi tuyén) véi mach vong
trong, phu hop voi ché do lam viéc cu thé. Dya vao
két qua nghién ctru [7] va [8], thi bo didu khién tuyen
tinh kiéu deadbeat dugc thiét ké thanh cong cho mach
vong dong stator cia dong co khong dong bod rotor
1ong séc (KDB-RLS), ltic nay dong dién thuc i, bam
voi dong dién i dat sau sd hitu han budc trich mau
vong trong (hai chu ky trich méu). Tan dung két qua
nghién ctru nay, hé truyén dong hai khau quéan tinh
v6i khép ndi mém dugc giam béc, bac 3 khi dong co
van hanh & vung dai tdc do dinh muc (2) vabac4 ¢
vung suy giam tur thong (3), [9].

H¢ hai khau quan tinh ghép mém c6 dac diém
khong clmg ving cua truc ndi, nén xuat hién dao
dong cong hudng. pé giai quyét van dé nay, thi cac
bd diéu khién truyén thong PID, I-P, I-PD, ... di dua

hé théng nhanh choéng trd lai trang thai can b:?mg, ké
ca khi nhidu tai. Cac bo diéu khién nay thi viéc xac
dinh théng sb cua bo diéu khién quyét dinh chit
luong ciia hé, dong thoi cac bo diéu khién truyén
thong dé dang ap dung trong thuc té, vi trong cong
nghiép hau hét 1a cac hé truyén dong chi doi hoi chu
yéu 1 lam giam dao dong co hoc cho hé, nang cao
tudi tho cho cac khop néi, con d6 chinh xac diéu
chinh va d¢ tic dong nhanh chi can ¢ mirc do khong
cao [4-6]. Nhung voi nhiing hé truyén dong Servo doi
hoi chat luong cao hay hé hai khau quan tinh khop
ndi mém c6 tinh phi tuyen thi trong qua trinh diéu
khién hé c6 nhiéu tham sO thay do6i vi vay kho dam
bao chat luong mong mubn néu chi dung cac bo didu
khién truyén thong Dé giai quyét van dé nay thi
thuong sir dung thé manh cua cac phuong phap didu
khién phi tuyén nhu dleu khién t0i wu, chat lugng
diéu khién khi tham sb ddi twong thay dbi, dam bao
dat dugc chat luong thiét ké néu mo hinh trang thai
clia d6i twong ¢ yéu td khong chic chin...Trong dé
v6i dac diém cua phuong phap diéu khién phi tuyén
theo nguyén ly phang la dua truc tlep céc tin hi¢u dau
ra mong muén veé lam gia tri dat dau vao, dan téi mot
cdu triic diéu khién ma gia tri can diéu khién cua hé
lai 1a dAu vao didu khién, ma nhiing tin hiéu phan hoi
trang thai c6 duoc qua cam bién hay bo quan sat, ugc
luong.... Vi vay viée thiét 1ap quy dao dau vao c0 xet
dén gi6i han cua cac bién diéu khién 1a rt can thiét
[10-12]. Qua d6 vé6i nhimg dic diém cua phuong
phap didu khién tya phing, s& mang lai két qua kha
quan trong diéu khién tdc do hé truyén dong hai khau
quén tinh ghép nbi mém.

V6i nhan thire trén bai bao nay sé trinh bay két
qué thiét ké diéu khién nguyén ly phang cho mach
vong ngoai két hop voi mach vong diéu khién dong
stator nhanh va chinh xéc, tai thoi diém hé truyén
dong van hanh tai tdc d6 dinh muc, vung suy giam tu
thong cua hé truyén dong dién khong dong bo hai
khau quan tinh ghép mém. Véi thiét ké thanh cong
nguyén ly phing cho mach vong ngoai, lam cho hé
truyén dong c6 tinh chinh xac cao va én dinh, ddng
thoi giam sy anh huong ctia dao dong cong hudng
dén hé thong truyén dong. Két qua nghién ciru duoc
kiém chimg bang mé phong Matlab-Simulink. Day 1a
hudng tiép can khac vé thiét ké bo diéu khién toc do,
tir thong ctia hé hai khau quén tinh voi khép ndi mém
trong hé truyén dong khong dong bd, nham muc dich
nang cao chat lugng hé thong.

2. Md hinh héa hé hai khiu quén tinh ghép mém

Khi hé truyén dong lam viéc & vung tdc do dinh
murc, mo hinh trang thai hé hai khau quan tinh, [9].
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Hinh 3. Ciu tric so d6 khéi h¢ hai khau quan tinh
ghép mém

Khi h¢ truyén dong lam viéc & vung suy giam tu
thong (toc d§ dong co tai 16n hon toc do dat dinh
muc), mo hinh trang thai hé hai khéu quan tinh, [9].
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3. Pic tinh phing ciia hé thong dong co ghép mém
v6i phu tai

Theo [2] phai chimg minh h¢ (4) véi cac dau ra
(5) thoa mén tinh chat phang. Tom tat lai hé trén phai
théa man hai diéu kién:

Diéu kién 1: Hé c6 vector bién ra y dugc biéu
dién dudi dang:

yl !
y=|: :F(x,u,@,...,ﬁ} leN 6)

bicu kién 2: Vector bién vao u va vector trang
thai x 1a ham ctia y va cac dao ham cta y:

x=P y,ﬂ,...,dy ;reN
dt dt"

(7

d d(r+1)
u= Q[y, Y yj

E,..., dt("+1)
Ta thdy y = cx nén da thoa man diéu kién 1
Tir phuong trinh sb 4 ciia hé (3) :
J,. d. d. 1
Ap=-20, ——@ +—@, +—m, )
c c c c
Pao ham hai vé:
oJy .. d.. d..
A(D:_Z(Pz —— ot ©
c c c
Thay (8) vao phuong trinh s6 2 cua hé (3) thi:
. J, .. 1
@ =_J_?¢2+J_l(mM _mL) (10)

Thay (10) va phuong trinh s6 3 cua (3) vao (9)

thi:
A S
D =P =0, =
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. 7, ?, 7, M L c(”z



Tap chi Khoa hoc va Céng nghé 133 (2019) 001-007

Dé dang thu dugc:
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4. Thiét ké cdc bd diéu khién vong ngoai theo
nguyén ly phang

Bing 1y thuyét diéu khién tuyén tinh dead-beat
cho bo diéu khién dong dién stator [8] va diéu khién
phi tuyén nguyén 1y phing cho dong co KDB-RLS
[10], [11]. Vi vay bai bao dé xuét c4u tric diéu khién
hé truyén dong dién khong ddng bo hé hai khau quan
tinh ghép mém, nudi boi nghich luu ngudn ap co
vong trong diéu khién dead — beat va vong ngoai diéu
khién theo nguyén 1y phang nhu hinh 4.
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Hinh 4. So d cau tric hé théng diéu khién FOC cho h@ hal khau quan tinh khép ndi mém

Trong cau tric diéu khién hinh 4, nhan thay rang
di€u khién dong dién i,,i, nhanh, chinh xac va
khong twong tac do bd diéu khién deadbeat dam nhan
dé mo-men tai truc dong co IM duge thiét 1ap nhanh
va dung yéu cau, con diéu khién tir thong rotor
w', va toc do dong co tai theo diéu khién nguyén ly
phang lam sao tin hiéu téc do thyc cua dong co tai
@, bam véi tin hidu toc do dat a)Z v6i thoi gian qua
d0 va quéa diéu chinh nho. Bén canh d6 c6 thé thay
nhiém vu rd rang cua cac vong diéu khién: vong
ngoai diéu khién v, = y.%; n=> n"va dua ra luong
cho vong tiép theo, vong trong diéu khién

dat 0,1,
dong i, = zm,, = z . Hai vong diéu khién lién
quan mat thiét dén nhau, yéu ciu dit ra phai thiét ké
cac bd dicéu khién sao cho chat lugng dicu khién dat
duoc 1a tot nhat.

4.1 Thiét ké bj diéu khién truyén thing

Bo diéu khién tmyén thang chinh 1a mo hinh
“dao” ciia mo hinh doi twong. Viéc chimg minh dau
vao u lad ham cua dau ra y va cidc dao ham cua
y nhu cong thirc (16) chinh 13 hinh anh cta bo didu

khién truyén thang.
di,
Lo (17)
_JG 0, +m,
! ka)lm

Tuy nhién ta thiy trong biéu thirc tinh i, c6 xuat hién
o, va m,. o dugc ldy tr md hinh tr thong.

m, dugc léiy tr bd quan sat phuy tai. Theo (10) thi:

Jii, + T, =m,, —m, (18)
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Suy ra:
dw. 1 3
dtz =J—(mM —my, —J,a) (19)
2
V6i phu tai khong doi:
dm,
—=0 20
i (20)
Xay dung mo hinh bd quan sat nhu sau:
dm, ~
dtL =— (a)z - a)z)
i 21
o _1 Jé _
e 7 (mM m, Jla)l)+l2 (a)2 a)z)

Véi my, =kii

"m"sq

Gi4 sit m,, duogc tinh chinh xdc thong qua i,
vai,, lan luot trir (21) cho cac phuong trinh (20) va
(19) tuwong ung ta dugc:

o~

M:A(A )

W, — o
dt
d c?)\ - —~ ~ —~
M: —i( =m0~ )+ (0, - o,
dt J,
(22)
Dit cac bién sai s6: &, = n/1: -m; ; £, = a/)\z -,
d
dgm = _llgfu
’ 23)
e 1, e +f (@)
dt J2 m 2%w 121
Mo hinh sai sé sau:
de, 0 0
dt | _ En
= 1 + —~ . (24)
dg(u _J_z 12 €y f ((01 > @ )
dt
Phuong trinh dac tinh cta hé (24) 1a:
det[sI—A]:s2 —123—1—1:0 (25)
J2
Chon céc hé sb [,,1, thoéa man:
L ==J,8,8,; 1, =5 +5, (26)

Pé hé 6n dinh, sai sb6 hoi tu vé khong ta chon
cac diém cyc s,,5, nam beén trai tryc do.
4.2 Thiét ké quy dao
Tao quy dao bdc hai

Theo cong thire (3.10) phai kha vi dén bac nhat,
ta c6 the chon khau quan tinh bac hai:

s

y 1 1
—= = 27
! (1+Tg)2 14275 +T.s° @7
Khai trién (27) trén mién thoi gian ta co:
* dy* 2 dzy* d
+7T, —+1T ——= 28
P e Ty T e T (28)
Vay (28) c6 thé nhu (29):
y (. dy”
S oy oo 2 29
e T! [y Y & dt @9
Tao quy dao 4-1-4
@, +at+ayt’ +a,t’ +a,t’ 0<t<2t,

w (t)=

w, + Aty + A(t—2t))

2 3 4
Ay, + AT+ Ay T + 03T +a,,T

2, <t<t, -2,
t, =2t <t<t,

(30)
Vi cac gia tri dugce tinh toan nhu sau:

2t, la thoi gian thiét 1ap qu¥y dao bac 4 ta s€ lya chon
sao cho phu hop.
4=2"% (31)
t, =2t
T=t—(t,-2¢) (32)

Céac hé sb cua quy dao bac 4 duoc tinh nhu sau:
) 1
a,=a,=0;a,,=—54;a
4
ay, =, —At); a, = 4; a,, =0;

3w, —3a,, —4a,t,
161,

3
__ap+32a,ty _
a32 - > a42 -

124

4.3 Thiét ké thanh phan phan hoi

Trong thuc t&, mo hinh cua déi twong khong thé
xéac dinh mot cach chinh xéac tuyét dbi. Do d6 bo diéu
khién truyén thing s& khong thé hoat dong mét cach
hoan hao, sai 1éch mo hinh s€ gay ra sai léch tinh cho
hé thong. Vi thé can phai thiét ké thanh phan phan hoi
dé triét tiéu sai léch nay. O day dung bo diéu khién
PI, v6i thanh phan I dé triét tiéu sai léch tinh, thanh
phan P gitp cai thién dong hoc ctia hé thong.

B diéu khién tir théng PI

‘Theo ti§u chu?m tdi vu module sb ta c6 ham
truyén bd dieu khién PI la:
1+d,z"
R =V —X (33)

y y -1
Y 2 l—Z
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Vi céc tham s
1
v, z—,V
3 1-e /7
(34)
dy, ~e

B¢ diéu khién toc o Pl
LA, +(dJ, +dT,)Ad,

ki ac

N (Jic+ J,ac) Ao,
ki, ac
(33)

Ai

5q

7., . _ *0‘ \ _ *
Trong d6: Ai, =i, —i) va Ao, =0 , -,

Laplace hai vé thu duoc quan hé truyén dat giira sai
1&ch toc d6 quay va sai léch dong dién:
Aw, ( ) ki ac

s[JJ,57 +(dd, +dJ,)s +cJ, +acl, |

(36)

5. Két qua md phong

Ta xdy dyng khao sat trén Matlab-Simulink v&i bo
dicu dong la dead beat, vong ngoai dicu khién nguyén
ly phang.

B.1 Bang thong sb ding trong cac mo phong

1. Thong s6 dong co Ky hiéu  Gia tri
Cong suét dinh mirc Poom 0.5 kW
Tbc do dinh mirc Nnom 3000 vg/ph
Dong dién dinh mirc Thom 10.4 Arms
bién ap dinh muc Uhnom 220 Vrums
S6 do6i cuc Zp 1
Pién tré rotor R; 0.42 Q
Dién tré stator Rs 037Q
Pién cam rotor L. 34.25 mH
Pién cam stator L 34.41 mH
Ho cam Lm 33.1 mH
Hé sb cong suat cosp 0.9
Heé s6 tir tan toan phan c 0.0704
Mo-men quan tinh IM [, 0.00641 kgm?
Mo-men quan tinh tai P 0.00523 kgm?
Heé s cing truc ¢ 272000Nm/rad
Hé s6 giam chan d 0.313Nm/rad/s
2. Thong s6 bo diéu khién
Tan sb diéu ché fowm 5kHz
Thoi gian trich mau . .

- Vong trong T, 200 ps

- Vong ngoai Tow 2 ms

T =0.025T =0.0834

Mot sb ché do lam viéc tiéu biéu cua dong co
duoc khao sat thong qua kich ban mo phong sau:
Tai ¢t = 0s, khéi dong tao tir thong.

Tai ¢t = 0.3s, ting tbc dén gia tri dinh mtc
3000 vong/phit.

Tai ¢t = 1s, dong tai dinh mitrc.

Tai ¢ = 1.4s, ting tbc 3500 vong/phut, tai dinh
mtrc.

Tai ¢ = 2s, thuc hién dao chiéu quay voi tde do
-3000 vong/pht.

3 r i i NS
1 s i
o ; ; ; ; =
1] 0.5 1 1.5 2 25 3
Time [s]
Hinh 5. Bap Gng dong tir hoa im
6
- 4 ! - | |
2 | | | wamnnnnn isd*
{:I 1 1 1 1 I.Ed
[H] 0.5 1 15 2 25 3
Time [s]
Hinh 6. Pap g dong dién iy
10 |
Z 0
=10 T

Time [s]

Hinh 7. Bap ting dong dién iy

Két qua mo phong cho thay tir théng rotor bam
theo quy dao dat va xac 1ap trong khoang 0.2s (hinh
5). Dong dién i ,,i deu trong gidi han cho phép cua

dong co va bam theo gia tri dat ma cac BDK tir thong
va toc do yéu cau, khong c6 hién tugng xen kénh
(hinh 6, hinh 7). Dic biét tai t=1.4s khi téc d6 dong
co tai tang 1én 3500 vong/phut, hién twong dong tir
hoa (tir thong) giam xudng dé can bang sirc dién dong
trong hé thong véi dién ap diéu khién cung cap, dé
bién tan khong bi qua hé sé diéu ché, nhung van bam
sat voi gid tri dat (hinh 6).
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Khi mach vong dong 1y tuong thi mémen va tdc
do tac dong nhanh; ting tdc (0.3s) va dao chiéu
(0.4s), dang dap ung moémen gidng dong dién iy
(Hinh 8, Hinh 9).

- Te v___l B
o 0.5 1 1.5 2 25 3
Time [s]
Hinh 8. Bap ing mo-men
_d.cg::.& - T T T T T 3
__ 2000 3
a 0
2000 | i
n
O 0.5 1 1.5 2 2.5 3

Time [s]

Hinh 9. Bap tmg toc do thuc dong co tai

Bén canh d6 véi dic diém ciia nguyén 1y phang,
c¢6 thé dan dat tin hiéu ra theo nhiéu dang quy dao.
Véy khi st dung quy dao 4-1-4 cho toc do, dap g
tdc do kha quan. Thoi gian khoi dong giam nho con
0,3s. Khi c6 nhiéu tai bo diéu khién ciing gitp hé
thdng nhanh _chong 6n dinh. Khau tao quy dao 4-1-4
cho db thi téc do quay c¢6 hinh dang gidng voi viee
didu khién vong ngoai theo bang bo didu khién PI
(Hinh 9). Con b diéu khién tir thong thi dung quy
dao béc 2,vi day la di tuong c6 quan tinh khong qua
16n. Vi thé, téc do tir hoa nhanh khoang 0,2s (Hinh
5).

6. Két luan

Céu trac diéu khién hé hai khau qua tinh ghép
mém véi vong trong 1 bo didu khién tuyén tinh kiéu
deadbeat, d3 mang dén két qua mo hinh trang thai hé
truyén dong hai khau quan tinh khop ndi mém dugce
giam bac, qué trinh tir hoa nhanh va khong thay doi,
chimg to bo diéu khién dong dién stator tach kénh tot.
Thém vao d6 sy két hop vai cac bo didu khién vong
ngoai dugc thiét ké dya theo nguyén 1y phing, di
dem lai két qua dap tng truyén dong dién kha quan
trong toan dai van hanh, ké ca ving suy giam tir
thong. Két qua mé phong kiém ching trén MATLAB
& Simulink, khing dinh tinh hop 1y thuyét cta cac bd
diéu khién. Dé hoan thién hudng nghién ctru hé nhidu
khau quan tinh ghép mém, can khao sat tinh hop 1y
ctia khau thiét 1ap quy dao d6i véi timg loai tai khac
nhau, danh gia v ty 1¢ song hai trong momen, nguy
co wind-up... cia ciu trac diéu khién, ciing nhu van
dé gi6i han dong dién va dién ap cua dong co. Viéc

giai quyét nhitng han ché trén htra hen s& ning cao
duoc chat luong hé thong.
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