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TOM TAT

Bai bdo dé xudt phwong dn xdy dung hé diéu khién thich nghi mé hinh mau MRAC cho dong
co dién mét chiéu da trén viéc phéi hop MRAC-HIL voi cong cu phat trién, thir nghiém diéu khién
nhanh RCP la MicroLabBox. Theo phwong dn nay, moé hinh mau, cdc thudt toan diéu khién, cdc
khéi vao-ra chirc nang dwoc xdy dung dua trén thu vien MATLAB-Simulink va thu vién bé sung
cua hang dSpace. Toan b6 mé hinh va thudt toan dwoc bién dich, tdi xudng MicroLabBox va chay
thir trong thoi gian thiec. Két qua thir nghiém cac thudt toan diéu khién theo phiwrong phdp
Lyapunov true tiép va phuong phap gradient toc do khang dinh cdc uu dlem cia diéu khién thich
nghi voi doi tiwong c6 thong sé thay doi hodc bat dinh. H¢ théng diéu khién on dinh, ddc tinh dong
hoc tot, chi phu thudc vio dic tinh dong hoc mé hinh mau chon trude. Két qua cho thay kha nang
ing dung thudt todn gradient toc do trong diéu khién truyen dong dién. Y twong phoi hop MRAC-
HIL c6 thé mé réng dp dung cho cdc doi twong diéu khién, cong cu va nén tang phat trién khdc.

Tir khoa: Diéu khién thich nghi; MRAC; HIL; RCP; Piéu khién dong co mot chiéu.
1. MO PAU

Pong co dién mot chidu duge st dung rong rai trong cong nghiép va dan dung, trong robot, hé
thdng co dién tir, thiét bi tu dong, truyén dong bam,... Ly thuyét diéu khién tuyén tinh ap dung cho
diéu khién dong co dién mot chiéu da dugc nghién ctru va hoan thién tir khé l4u, trong d6 bd didu
khién, khi téng hop theo cac tiéu chudn nhu t6i vu modun, t6i wu dbi ximg s& co ciu trac P, PI
hogc PID thong dung. Cac thong sO ctia dbi tugng didu khién can phai biét chinh xac khi thiét ké.
Nhuogc diém chinh cua phuong phap nay 1a chi cho chat lugng diéu khién tét ¢ 1an can dlem lam
vi€c tinh toan. Tai cac diém lam viéc khéc, chat luong didu khién 1a khac nhau. Thuc té nhiéu
truong hop, thong sd ctia dong co va hé thong khong day du, 'khong chinh xac, c6 d6 bét dinh hodc
thay doi trong qua trinh lam viéc. Co nhiéu  huong giai quyét van dé nay nhu sir dung diéu khién
mo [1, 2], diéu khién ché do truot, diéu khién thich nghi,... Piéu khién mo khong doi hoi moé hinh
toan hoc, thong s6 chinh xac cua dbi tuong diéu khién nhung doi hoi kién thirc va kinh nghiém
clia chuyén gia. Véi dong co dién mot chiéu, mo hinh toan hoc dé rd rang nén st dung diéu khién
m¢ khong phat huy dugc uu diém cua Jphuong phap. Diéu khién ché do truot 1a mot phuong én
giai quyet van d& dat ra. Didu khién ché do truot 1a mot trong nhiing phuong phap diéu khién phi
tuyén bén vitng, c6 kha ning khic phuc d6 bat dinh ctia tham s6 hé thong, khi ¢6 nhidu tac dong.
Tuy vay, nhuoc diém 16n cua diéu khién truot 13 hién tuong chattering [3]. Diéu khién thich nghi
cho dong co dién mot chidu dugc cong bd trong nhidu nghién ctru [4-10]. Tuy vay, cac két qua c
dugc chu yéu dua trén mo phong [6 9] hodc thir nghiém véi cac cong cu tinh toan, diéu khién nhu
DSP [4], PC [5] LabView [10].... day, nhom nghién ctru trinh bay hudng xay dung hé diéu khién
thich nghi mé hinh mau (MRAC) phéi hop HIL (Hardware in the Loop) chay trén mdi truong
MATLAB-Simulink véi cong cu phat trién didu khién nhanh RCP (Rapid Control Prototyping) la
MicroLabBox. Két qua thtr nghiém voi hai thudt toan diéu khién duoc dua ra 6 muc 3.3 vamuc 4
1a két luan vé cac noi dung da thyc hién.
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2. NOI DUNG

2.1. M hinh d9ng co va mé hinh miu trong h¢ MRAC
Vé6i dau vao la dién ap phan tmg, dau ra la tbe d6 goc clia dong co, ham truyén dat ciia dong co
dién mdt chiéu c¢o dang [11]:

o(s) 1/ K, B k (1)
U(s) T Ts*+T s+l s’+as+a,
Trong d6: K; - Hang sé moémen; k= 1/(Ki TuTa); a1 = UTa; a0 = 1/(TnTa)
. ‘ R 5 .
Tm - Hang so thoi gian co; T, = ‘:(; ; Ta - Hang so6 thoi gian dign tur, T, = R
t a
Ra - Bién tréd mach phﬁn &ng; La - Dién cam mach phﬁn ung;

J - Mémen quan tinh cua phan ung dong co.

Déi twong didu khién (1) 1a khau bac hai, c6 thé dao dong hodc khong tiy thudc gid tri cua Tn
va Ta. Qua qua trinh lam viéc, nhi¢t do phat ndng anh hudéng dén dién tro day quan phan ung, day
quan kich tir; choi than hao mon dan di; mémen quén tinh tong cua hé thong quy dol Ve truc dong
co thay doi,.. dan dén su thay d6i so vai gid tri ban dau duoc biét cua céc thong s6.

Mo hinh miu dugc thiét ké moé ta dap img mong mudn dbi v6i hé théng. O déy, ddi twong didu
khién (1) c6 dang bac 2 nén s€ hop ly khi chon m6 hinh mau co dang bac 2. Pac tinh dong hoc cua
md hinh mau quyét dinh bi vi tri cua cac diém cyc. Bé xay dyng md hinh mau, mot s6 phuong
phap c6 thé ap dung nhu phuong phap diém cuc - diém khong, phuong phap dap wng tan sb [12],
phuong phap dat cac diém cuc tai vi tri xac dinh dugc tinh toan truéc (vi du phan bé diém cuc
theo dang nhi thirc Newton, da thirc Butterworth). Cac phuong phép trén c6 tinh tdng quét chung.

Trong diéu khién truyén dong dién, tiéu chuan t6i wu modun va tdi wu ddi xing duoc sir dung
phé bién. Khi tong hop theo tiéu chuan t01 uu doi Xung thi d6 qua diéu chinh 6 = 43%. Ham truyén
chuan caa mach vong kin téng hop theo t6i wu ddi xung c6 dang khau béac 3. Nhuoc diém cua tiéu
chuan téi uu d6i xung 1a d6 qua diéu chinh I6n va thoi gian xac 1ap dai.

Mach vong kin tong hop theo tiéu chuan ti wu mé dun c6 ham truyén dat dang [11]:

1/K,,
W(S)=—F5—"—
aT/s"+aT s+1
Trong d6: Kpn - Hé s khuéch dai cua khau phan héi tin hiéu dau ra.
a-He s6 toi vu hoa. Khia =2, tacd ham truyén dang chuan héa cua téi vu moédun;
Khi a = 4, ta cd ham truyén dang bién thé c6 tén téi wu tuyén tinh.

T, - Hang sb thoi gian nho cua khau quén tinh thudéc mach vong.

Uu diém cua tiéu chuan ti wu modun 1a su két hop hai hoa tinh tac dong nhanh, d6 qua diéu
chinh nhé. Vi t6i vu médun dang chuan héa (a = 2), chi tiéu chat lwong khi dau vao dang bac
thang don vi 1a: P9 qua diéu chinh ¢ = 4,3%; thoi gian tang truéng 1a 4,7To; thoi gian xac lap 1a
8,4T,. Tuy vy, trong nhiéu &ng dung, vi du nhu truyén dong vi tri chinh xac, truyén dong cho
thiét bi quang hoc doi hoi khong c6 do qua diéu chinh dé han ché rung Iic c6 hai cho thiét bi, do
d6 nhom nghién ciru chon lya mo hinh mau ¢6 dang tiéu chuan téi wu tuyén tinh, mot truong hop
riéng cua toi vu mo dun (a = 4) 1a tiéu chuan duoc cong nhan, sir dung rong réi.

Hé MRAC cho dong co dién mét chidu (hinh 1) ¢6 hai mach vong: Mach vong bén trong 1a
mach vong co ban bao gém Bo diéu khién, dbi tuong diéu khién (Pong co dién mot chiéu) va khau
phan hdi. Mach vong thir hai bao bén ngoai ¢é tac dung chinh dinh cac tham sb ctia Bo diéu khién
thong qua Thuat toan thich nghi. Bo diéu khién, voi cac tham sb thay doi thich nghi véi sy thay
d6i ctia dbi twong diéu khién (sy bién thién cua dién tré mach phan ing, moémen quan tinh hé thong
quy ddi vé truc dong co, su thay ddi cua tai, anh hudng ciia ma sat, nhiéu,...), s& dua ra tin hiéu
dién ap u(t) diéu khién dong co "bam theo" mé hinh miu, sao cho sai sb e(t) giita dau ra hé théng
thyc y(t) va mo hinh mau ywm(t) 1a nho nhat.

)
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HIL 1a k¥ thuat sir dung cho phét trién va

Ly thir nghiém céc hé théng diéu khién 16n, phirc
' tap. Voi HIL, mot phan hay toan bo thiét bi
vat 1y, dbi twong didu khién duoc thay thé
bang mo hinh mé phong. Nguoi thiét ké co thé

_______________________

g(t)§ B déukhién | (000 | Ping o iin , 3 .2 Y
! 1 ' chay thtr cac thuét todn diéu khién ngay cé khi

1 chua ¢6 dbi twong thyc, khi khong thé thir

T:l';:‘;;;:' nghiém trén déi tuong thuc, cho phép thu

nghiém céc ché d¢ lam viéc téi han, nguy

hiém, han ché rii ro, sai sot [13]. Sy phéi hop

Hinh L. Sodé khdi hé MRAC-HIL MRAC-HIL théA hi¢n trén hinh 1, trong do,

. R toan by cac khoi chirc nang mau xam nam

cho dong co dien mot chieéu. trong duong dirt nét dugc mo hinh hoa trén

Simulink, tai xubéng va chay trén cing mot
thiét bi MicroLabBox.

2.2. Thuit to4n diéu Khién thich nghi MRAC

Trong cac nghién ctru vé diéu khién thich nghi MRAC cho dong co mot chiéu, hai phwong phép
duoc st dung pho bién la: . i

- Phuong phap dua trén luét dié}l 1§hién MIT (MIT rule) [4, 6,7, 9, 10];

- Phuong phap dya trén ly thuyét on dinh ctia Lyapunov [5, 6, 8]. . i

Luat di€u khién MIT thudc vé nhom phuong phap gradient. Uu diém cua luat diéu khién MIT
1a trong doi don gian, d¢ ap dung. Tuy vy, luét diéu khién nay khong dam bao cho tinh 6n dinh
cua hé thong. Cac phuong phap dua trén ly thuyét 6n dinh cua Lyapunov c6 vu diém la dam bao
chac chan vé tinh On dinh. Sy so sanh, danh gia gitra hai luat dieu khién dugc thyc hién trong [6].
2.2.1. Diéu khién da trén phiong phdp Lyapunov truec tiép

Téng quat, xét hé théng va mé hinh mau duge mé ta bang cac phuong trinh bac hai:

y+ay+ay=kk.g 3)
) ) Vv + alM’yM +amYw = kM g (4)
Trong do: K - Hé s0 khuech dai cua doi tuong; ) ) N
ke - HE s0 khuech dai thich nghi; km - Hé so khuéch dai ciia m6 hinh mau;
0 - Luong dat dau vao; aizam voii=0,1.

Ta xay dyng thuft toan diéu chinh hé s6 khuéch dai thich nghi k; xuét phat tir diéu kién on
dinh cda h¢ thong.

Dat:ezyM—y; =Yy — VY, €=Vu -V

Lay (4) trur (3) ta nhan dugc phuong trinh sai so:

e+ae+ae=(k, —kk)g=7y9 ()
voi v =k, —k:k (6)
Chon ham Lyapunov cé dang toan phuong xac dinh duong nhu sau:
1, .
v =§(ez +8,6” + fy°) (7)
O day: B - Hang s6 duong. Pao ham theo thoi gian (7) ta co:
V =é6+aeé+ iy (8)
T (S)tacd: E=yg—aec—ae
Thay vao (8): V =éyg —ag’ —aeé+aeé+ Ly
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V=éyg-ag’+pry ©)

Ttr (9) dé V 1a ban xéac dinh 4m can théa man diéu kién:
eyg+By7 <0 hay y(ég+£y) <0 (10)
v>0, ta rit ra: y < _99 (11)

B

Dao ham (6) ta co: 7 =—k.k (12)
Tur (11), (12) rit ra: Ke Zéég (13)
Luét diéu chinh h¢ s6 khuéch dai thich nghi: k, = éég (14)

O day, e 1a sai léch gitta diu ra m6 hinh mau va dau ra hé théng. V& phai cua (14) 1a tich dao
ham cua e va luong dat ddu vao g, c6 hé s ty 1& nghich v6i kB, trong d6, k 1a hé s6 khuéch dai cia
dbi tuong, B 1a hiang sé dwong duoc chon lya khi thiét ké. Khi tich phan (14), hé sé khuéch dai
thich nghi kc thay dbi theo luat tich phan cuia vé phai. Két qua diéu khién theo (14) duoc trinh bay
6 muc 3.

2.2.2. Piéu khién dwa trén phwong phdp gradient toc do

Thuét toan diéu khién thich nghi gradient toc do 1a mot trong nhitng hudng co trién vong, kha
nang ung dung nhiéu trong thuc t&. Noi dung co ban ciia phuong phap va cac thuat toan cho mot
s0 16p d6i tugng dién hinh dugc trinh bay trong nhiéu tai lidu, cong trinh nghién ciru [14-19]. Ban
chat phuong phéap gradient téc d6 1a chon ham diéu khién dang:

0= —I'grad, ((jj—I: =-T'grad,o(x,0,t) (15)

O day: T =yl v6i y>0; | -Ma tran don vi; grad, - Ky hiéu gradient.

0 - Vecto tham s6 diéu khién; P(.) 1a phiém ham muyc ti€u, khong am, thuong la luong do do
léch giita quy dao cua ddi tuong so voi mo hinh mau. Muyc tiéu ctia diéu khién 1a cuc tiéu hoa ham
muc tiéu nay. D6i tugng diéu khién duge mo ta boi cac phuong trinh:

Xx=Ax+Bu (16)

O day: x € R" - Vecto trang thai; u € R™ - Pau vao diéu khién;

A, B - Cac ma tran hé théng, ma tran dau vao kich thude nxn, nxm.

Mo hinh mau hé mong mudn duge mé ta boi:

m =AyuXy +Bu9 @17

O day: xm € R" - Vecto trang thai cua m6 hinh mau; g € R™ - Lugng dat dau vao;

Aw, By - Cac ma trén hé thng (nxn), ma trdn dau vao (nxm) ciia mé hinh mau.

Awm - Ma tran Hurwitz.

Muc dich diéu khién 1a lim e(t) = 0 voi e(t) Ia vecto sai léch:

e(t) = X(1) - xw(®) (18)
Tu (16), (17), (18) tacd:  é=%X-X,, = Ax+Bu—-A,X,, —Bu0 (19)
Phiém ham muc tiéu chon dang toan phuong:

P= %eTHe (20)

v6i H = HT > 0 1a ma trén cac hé sd, thoa man phuong trinh Lyapunov:
ALH+HA,=-Q, Q=Q">0 (21)
Tu (19), (20) ta co:
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o(x,0,t) =P =e"Hé =e"H(Ax + Bu— A,,x,, — B,,2) (22)
Luat diéu khién c6 dang:
u(t) =k, (Ox(t) + k,(a(t) (23)
Trong d0, Ky , Kg 1a cac ma tran hé sb thich nghi cua b diéu chinh.
Thay (23) vao (22):
o(x,0,t) =e H(Ax + Bk, x + Bk,g—-Ayxy, —B,g)
o(x,0,t) =e'HBK x +e'HBk g + ¢ ' H(Ax - A X, - B,,2) (24)
Twr (24) x4c dinh dugc cac gradient tdc do:
grad, o =B"Hex' (25)
grad, o= B'Heg' (26)
Céc ma tran hé s6 thich nghi bo diéu chinh thay doi theo thuét toan:
K, =—yB Hex' (27)
k, =—yB"Heg' (28)

Pé tang tinh tic dong nhanh ciia mach vong diéu chinh thich nghi, ¢6 thé dung dang ty 18 - tich
phén nhu sau:

K, = yBTHexT—B%[BTHexT] (29)

Lo T T dro,t T
k,=-vyB Heg —[ia[B Heg ] (30)

Trong do: v, p > 0 dugc chon lya khi thiét ké. H 1a ma tran cac hé sb, tim duoc tir (21) khi chon
trude Q & ma tran xac dinh duong, doi xtng.

2.3. M6 hinh thir nghiém

Toan bo hé théng thir nghiém nhu trén hinh 2. Hé
théng gébm cé: May tinh cai MATLAB-Simulink va
g6i phan mém hing dSPACE, cac thu vién hd trg, thu
vién ghép nbi thoi gian thuc RTI FPGA Programming
Blockset; Khbi MicroLabBox; Khdi cong suat
SEMITEACH IGBT B6U-E1CIKF-B6CI; Ngudn
xoay chiéu SST-250/20: Pién ap vao 220VAC, dién
ap ra 0250 VAC/20A; Bong co dién mot chiéu I121;
Hop giam téc XG NVR063-100; Encoder Hanyoung
HE50B-8-1024-3-T-24; Cac mach ghép ndi, tuong
thich tin hiéu vao-ra. Khéi cong sudt SEMITEACH chi
sir dung 2 nhanh dé tao cau H cip ngudn cho dong co.
Céu H duoc diéu khién PWM theo luat chuyén mach
dudng chéo. Cac xung diéu khién duoc tao ra tir khoi

Hinh 2. Hé diéu khién thich nghi MRAC
cho dong co dién mot chiéu. MicroLabBox, di qua mach ghép ndi t6i cac dau vao
khoi IGBT.

3. KET QUA, TINH TOAN, THAO LUAN

3.1. S0 liéu dau vao
Pong co dién mot chidu 1121 (Nga): Pan = 330 W; Ugn = 115 V; Ng, = 1450 V/p; lan = 3,2 A;
Ra= 0,8 Q; R=200 Q; J = 0,025 kgm2.
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_Khau phan hdi toc d§ c6 hé s6 Kpn = 5(V)/157(rad/s) = 0.0318 (Vs/rad). Hé s6 quy doi dién ap
diéu khién (5V) vé dién ap dinh mtrc cua dong co (Uan = 115 V) la Kqa = 115(V)/5(V) = 23.
Tur (2) tinh toan mo hinh méu Ww(s) = W(s)/Kqa v6i a = 4, Kpn = 0.0318 Vs/rad, To = 0.002 s,
Kga = 23. Két qua mo hinh mau c6 ham truyén:
85453
W, (s) = 31
) ) s* +500s + 62500 (D
M6 hinh dong co (1) khi thong so thay doi:
Khi Ra = 0,8Q; J = 0,025 kgm? Cac hé so k = 740,50; a, = 548,34; a; = 20.

Khi Ra = 0,8Q; J = 0,1 kgm? Cic hé s6 k = 185,12; a, = 137,08; a; = 20.
Khi Ra = 1,69; J = 0,025 kgm? Cic hé s6 k = 723,64; a, = 523,65; a1 = 40.
Khi Ra= 1,6Q; J = 0,1 kgm? Céc hé sb k = 180,90; a, = 130,91: a, = 40.

Tt cac thong s trén, khi chuyén sang biéu dién trong khong gian trang thai vei bién trang thai
X=[X1 X]" = [@ ®]", md hinh dong co (16) va md hinh mau (17) cé thé tinh nhu sau:

A{—Zo —ﬂ; B:m; =t o AM{—GZOSOO —5100}; BM:[ssiseJ Cu=lt O

0,2926 0

Chon 0 =| 0,1474  2,3405.10°
R ) 0,0023

tr(21)co H . "
2,3405.10™ 2,3405.10

} . Chon y=1.0; f=0.8.
3.2. Phwong phap, cong cu thir nghiém

Md hinh mau va mé hinh thudt toan diéu khién dugc xdy dung trén Simulink, duoc bién dich,
téi‘xu()n‘g va chay trén khoi MicroLabBogi. Giao dién Qiéu ‘khiénz thu théap, hién thi so liéu bang
phan mém ControlDesk 6.3. Dién tr¢ phan tmg thay d6i bang ndi thém dién tré 0.8 Q. Mémen
quan tinh dong co thay d6i bang lap thém khoi tru J = 0,075 kgm? trén truc dong co.
3.3. Két qua va binh lun

1200 T T T T 1200

1000 | [ ——R-164-0025 ] 1000 - [——Ret6um01H
800 4 800 -
S £ 00
f=4 c
400 ] 400
200 4 200
0 ‘ . . | 0 | . . .
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
30 30
20 20
10 ~ 10
o o
S Z o
& -10 © 10
-20 20
-30 30
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
t(s) t(s)
Hinh 3. Toc dé dong co va sai léch voi mo Hinh 4. Toc dé dong co va sai léch véi mé
hinh mau khi Ra = 1,6 2, J = 0,025 kg.mz. hinh mau khi Ra = 1,6 Q, J= 0,1 kg.mz.

Hinh 3, 4 1 dap g toc d6 ctia dong co va sai 1éch toe d6 so vi mo hinh mau khi dién tro
phin tng va mémen quén tinh trén truc dong co c6 gid tri khac nhau. 6] day, diéu khién dwa trén
phuong phap Lyapunov truc tiép, theo thuat toan (14) v6i B = 0,002. Khi téc do thay d6i nhanh,
dot ngot, sai léch toc do so v61 mo hinh mau 16n, c6 dang dao dong nhung nhanh chéng suy giam
vé 0. Thuat toan lam viéc tot khi Ra thay déi tir 0,8 Q dén 1,6 ©, moémen quan tinh quy vé tryuc
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dong co thay doi tir 0,025 kg.m? dén 0,1 kg.m2

Hinh 5 so sanh két qua diéu khién dua trén phuong phép Lyapunov truc tiép (phia bén trai) va
phuong phap gradient téc do theo thuat toan (27), (28) (phia bén phai) voiy =11 khiRa=1,6 Q,
J = 0,025 kg.m2 Téc do dong co thay doi nhdy cép lién tuc theo dleu khién dau vao, giira 800
(vong/phut) va 1000 (vong/phut). Sai 1éch tbc do so véi mo hinh mau khi sir dung phuong phéap
gradient toc do theo thuat toan (27), (28) suy giam dan Ve 0 sau khoang 3.5 s, c6 dang tiém cén
chu khong dao dong nhu 6 phuong phap Lyapunov truc t1ep Tai cac thoi diém tdc d6 thay do6i dot
ngot, trén do thi sai léch tdc do so véi md hinh mau co cac mAau xung nhon. Nhu viy, phuong phap
Lyapunov truc tiép va phuong phap gradient toc do theo thuat toan (27), (28) 1am viéc on dinh,
dong co bam dugc theo mo hinh mau, thich hop v6i cac tng dung duy tri chét luong & ché d6 1am
viéc tinh hodc thay ddi cham, khong co sy thay ddi dot ngot cia lugng dat dau vao.

1200 T T T T T T 1200 . T T T T T
1000 r—‘ [—] 1 1000 §
800 4 800 l ‘ l _

600
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400 T 400
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Hinh 5. So sdnh phwong phép Lyapunov tryc tiép va gradient toc do (27), (28).

Hinh 6 13 két qua thtr nghiém phuong phap gradient tbc do theo thudt toan (29), (30) voi hé 50
y=0,9, p=0,8 khi Ra= 1,6 Q, J = 0,025 kg.m?. Ta thiy suhmtuveOcuasal léch toc d6 so véi
mo hinh mau sau khoang 3.5 s. Sai léch so v6i m6 hinh mau suy glam theo dang ham mi. Khac
vai thudt toan (27), (28), tai cac thoi diém tdc do thay d6i dot - ngdt, sai 1éch so véi m6 hinh mau
khong xuét hién dot bién. Nhu vay, sau khi da hoi tu, sai 1éch dau ra so v6i mo hinh mau ludn bang
0 ngay ca khi luong dit thay doi nhay cap. Thuat toan 1am viéc tot véi ca ché do tinh (vi du khi
duy tri téc do dit khong ddi) va ca ché d6 dong (vi du khi didu khién bam muc tiéu).

Hinh 7 14 dap ung toc do theo lwong dit dau vao thay doi nhay cap ciia hé kin theo thuat toan
(29), (30) (dudng lién nét) va dap tng téc do cua dong co (hé ho - dudng dit nét). Pong co gbe
ban dau (Ra = 0,8 Q, J = 0,025 kg.m?) 1a khau bac hai, dap ung c6 dang dao dong nhu hinh 7
(bén dudi). Khi thong sé dong co thay d01 (Ra=1,6 Q,J=0,1kg.m 2), dong co la khau bac hai
khong dao dong. Dap mg cua dong co rat cham, gidng dap Gmg cua khau quan tinh bac nhét c6
hing s6 thoi gian 16n. Tdc do cia dong co khong theo kip su thay ddi cua luong dit dau vao.
Tai thoi diém 2,5 s, khi dat tai dinh mac M = 2,1 Nm, toc do dong co sut di khoang (25+35)
vong/phut so v6i khi khong tai (dong co gbc sut tde it hon). Véi hé diéu khién MRAC x4y dung
thi toc d6 dau ra khong thay doi khi co tai tac dong. Diéu nay phu hop Iy thuyet 1a dap ang hé
thong chi phu thugc moé hinh mau chir khong bi anh hudng boi sy thay doi thong s6 cua ddi
tugng diéu khién hay nhiéu tai.

Trong bang 1 1a gia tri xac lap (sau khi da hoi tu) cta cac hé s6 thich nghi bo diéu khién. Céac
hé s6 nay thay doi twong ung khi thong sb cua ddi twong diéu khién thay doi.
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Hinh 6. Pdp itng toc dé voi thudt todn Hinh 7. Pdp itng toc dé vong hé ciia dong co

(29), (30) khi R = 1,6 Q, J = 0,025 kg.m?. va dap vng ciia hé MRAC.

Bing 1. Su thay doi ciia cdc hé sé thich nghi.

Luat Hé so6 Ra=0,8Q; Ra=0,8Q; Ra=1,6Q; Ra=1,69;
thich nghi | thichnghi | J=0,025kgm? | J=0,1kgm? |J=0,025kgm? | J=0,1 kgm?
(14) Kc 0,9131 0,9905 0,9892 0,9894
(29) K1 0,4797 0,4349 0,4972 0,4522

Kz 0,0190 0,0675 0,0307 0,1164
(30) Kq 0,3703 0,4316 0,3832 0,4448
4. KET LUAN

Két qua nghién ciru cho thay, wu diém ctia h¢ MRAC da xay dung 14 dic tinh dong hoc ciia hé
chi phu thudc vao mé hinh miu dugc chon lya khi thiét ké, khong doi hoi phai biét chinh xac thong
s6 d6i tugng. Cac thong sb dbi tuong c6 thé thay dbi trong giéi han rong, nhidu phu tai tac dong
nhung chét luong didu khién gan nhu khong thay doi. Nghién ctru Iy thuyét va thir nghiém thuc té
cho théy su hoi tu va on dinh cua cac thudt toan ap dung, trong do, thuét toan gradient tde dd (29),
(30) cho chat lugng diéu khién t6t nhét, ca & hai ché do lam viéc tinh va dong. Tinh méi cua nghién
ctru 1a thye hién mo hinh va thuat toan diéu khién MRAC dua trén HIL v6i MicroLabBox. Nho hé
thong RCP nay, viéc thir nghiém céc thuat toan diéu khién phtc tap thuan lgi, nhanh chéng, dé
dang. Nhom nghién ctru chi phai tap trung vao thuit toan diéu khién chtr khong mét nhiéu thoi
gian, cong strc vao thiét ké, xir 1y cac phuce tap ma phén ctmg va lap trinh doi hoi. Y tuong pho1
hop MRAC-HIL trén MicroLabBox c6 thé ap dung cho cac doi tuong diéu khién va cong cu, nén
tang khac nhu LabView, Typhoon HIL, SpeedGoat,... Tuy vay, dé thuc hién dugc hudng phat trién
trén can sy dau tu 16n vé co s& vat chit cho cc co sé nghién clru.
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ABSTRACT
Building a MRAC-HIL adaptive control system for DC electric motors

This article proposes an approach to build a model reference adaptive control MRAC
system for DC electric motor using MRAC-HIL coordination based on the RCP rapid
control prototyping tool MicroLabBox. In this plan, the reference model, control algorithms
and functional input-output blocks were built based on the MATLAB-Simulink library and
additional libraries from dSpace. The entire models and algorithms were compiled,
downloaded to the MicroLabBox, run and tested in real time. The experimental results of
using the direct Lyapunov method and the speed gradient method confirm the advantages
of adaptive control which applied to control objects with variable or uncertain parameters.
Control system is stable, the performance is good and depends on reference model only.
The idea of coordinating MRAC-HIL can be extended to other control objects, tools, and
development platforms.

Keywords: Adaptive control; MRAC; HIL RCP; DC motor control.
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