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TOM TAT

Dong co servo duoc sir dung ph(f bién trong cac hé lho”'ng diéu khién co yéu cau dé chinh xdc
cao, trong do, bai todn diéu khién vi tri dwoc quan tdm va vmg dung réng rdi. Qud trinh diéu
khién vi tri hé truyén dong dong co servo thuwong gap phdi cdc yéu t6 bat dinh nhw ma sdt, tdi
trong thay doi hay cac ngogi lyc tac dong. Vi vdy, bai bao nay trinh bay mot nghién curu dé thiét
ké bé diéu khién thong minh dwa trén co sé bg diéu khién PID tich hop fuzzy, nho iing dung quy
tic mo va co ché diéu khién mo, hé thong diéu khién cé kha ndang phdn vmg nhanh va duy tri vi
tri mong muén cho dong co. Bo diéu khién dé xudt dwoc thir nghiém trén moé hinh hé théng thuc
cho cdc trieong hop ¢6 gid tri dit khdc nhau va khi ¢é nhiéu tac déng. Két qua thie nghiém cho
thcfy chat luwong bo diéu khién ndy cdi thién hon so voi bg diéu khién PID, diéu d6 da minh
chitng cho tinh kha thi ciia bo diéu khién d@é xudt.

Tir khoa: Diéu khién Fuzzy;, Diéu khién vi tri; Pong co servo; PID.
1. MO PAU

Ngay nay, hé truyén dong dién dong co servo dugc st dung rong rai trong cong nghiép nhu la
trong cac tay may robot, hé thong san xut gia cong kim loai ¢d tinh chinh xéac cao va thoi gian
dap ung nhanh[1]. Véan dé duoc chi y 1a phai diéu khién vi tri chinh Xac trong hé truyén dong
dong co servo trong khi xuét hién cac yeu t bat dinh nhu ma sat, tai dong hay céc ngoai luc. Cé
rat nhiéu cong trinh nghién ctru thiét ké bo diéu khién dong co servo véi cac cau triic diéu khién
tir don gian dén phirc tap [2-10]. Trong tai liéu [2, 3] sir dung diéu khién ty 18- vi- tich phan thuan
tay voi thuat toan don gian va dé tinh toan, du vay, hé théng nhay voi nhiéu va chi phu hop véi
dbi tuong nhit dinh. O cong trinh [4, 5] dua ra viéc ap dung kiém soat dy bao md hinh cho cac
hé thong Servo nharn nang cao hi¢u sut didu khién, tuy nhién, viéc xac dinh hé s phuc tap trong
thiét ké va yéu cau hiéu biét sau vé ddi twong. Trong [6, 7] xay dung diéu khién t6i uu va mang
no-ron c¢d kha ning hoc va xir 1y dir liéu phi tuyén. Khé khan trong qua trinh thuét ké nay 12 thoi
gian xtr 1i dai va ton tai nguyén tinh toan. Véi [8-11] thuc hién thiét ké bo diéu khién PID két
hop bo diéu khién mo. Mi bo diéu khién nay déu cé wu diém riéng, dic biét chi dimg lai v6i cac
két qua mo phong ma chua co két qua trén hé thong thuc dé kiém nghiém chat luong diéu khién.

Bai bao nay tap trung thiét ké bo diéu khién thong minh dya trén co so tich hop fuzzy dé
chinh dinh hé s6 bd diéu khién ti 18-vi-tich phan kinh dién. Sau d6, ciu trac diéu khién dé xuét
dugc kiém nghiém ap dung 1én mot mé hinh thuc nghiém. Pic diém cua thiét ké ciu trac didu
khién PID- -fuzzy cho phép tan dung dugc kinh nghiém vén hanh cta nguoi diéu khién thong qua
qua trinh tién hanh thuc nghiém, va khong can quan tAm téi mo minh toan cua dbi twong [12,
13]. Khi duge tich hgp tinh mg, cac quy taic mo va co ché mo, bo dicu khién c6 sy linh hoat
trong viéc diéu chinh cac théng sé PID. Tir d6, hé théng c6 kha ning phan tmg nhanh, duy tri vi
tri chinh xac mong muén.

Mot hé théng thuc nghiém truyén doéng dong co servo dugce thiét 1ap str dung module DAQ
thu thap dir liéu theo thoi gian thuc 13 PCle — 6321 cua hing national instruments. Chat luong
ctia by diéu khién dé xuit dwuoc kiém chimg trong phong thi nghiém trén mé hinh thyc CE110
ctia hang Tecquipment. Két qua thuc nghiém duoc so sanh véi bo diéu khién ti 18-vi-tich phan
thuan tay cho thay cau trac dé xuat diéu chinh linh hoat cac hé sé trong bo diéu khién PID giap
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thich nghi t6t hon voi nhimg sy thay déi cia nhing tac dong khong mong mudn t6i hé thong.
2. THIET KE CAU TRUC PIEU KHIEN FUZZY-PID

Trong céc nghlen clru da timg cong bd[12, 13], bd diéu khién Fuzzy-PID cho thiy kha nang
hiéu qua trong viéc diéu khién hé thong ma khong can st dung dén phuong trinh toan hoc cu thé.
Do do, nhom tac gia tdn dung tinh mo cua b diéu khién dé diéu chinh bién diéu khién mot cach
linh hoat dua trén quy luat va kinh nghiém thay vi x4y dung mo hinh toan hoc chi tiét va phtrc tap.

Céu trac diéu khién Fuzzy- PID dugc tao ra bang cach két hop bd diéu khién PID va bo diéu
khién mo. B diéu khién PID véi wu diém thuat toan don gian va do tin cdy cao. Tuy nhién, phu
thudc 16n vao cac thong sd ciia md hinh. B diéu khién mo c6 kha nang tu diéu chinh cac thong
sO dé hé thong dat duoc higu suat thich nghi tot, dap tmg nhanh véi cac tac dong.
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Hinh 1. Cdu triic bé diéu khién Fuuzy- PID diéu khién vi tri déng co servo.

Trpng c:?iu tric hinh 1, bo diéu khiéq mé véi 2 ddu vao e, ec va 3 dau ra Kp, Ki, Kd. Nhu vay,
b6 diéu khién md & hinh 2 thuc hién diéu chinh ba thong s6 ctia PID & hinh 4 dua trén sai 1é&ch E

va dao ham sai léch EC ctia hé théng nhu & hinh 3.
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Hinh 2. Xdy dung bj diéu khién mo trong Matlab.

Céc bién dau vao va dau ra duogc 1am md va duoc chia ra 1am 7 trang thai : 4m 16n (NB), am
vira (NM), am nho (NS), khong (Z), duong nho (PS), duong vira (PM), duong 16n (PB).
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Hinh 3. Mo héa dau vao e va ec cho b diew  Hinh 4. Mo héa dau ra Kp, Ki, Kd cho bg diéu
khién PID-Fuzzy. khién PID-Fuzzy.

Bang luat diéu khién md duogc thé hién trong ba bang sau:
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Bing 1. Ludt diéu khién mo Kp.  Bang 2. Ludt diéu khién mo Ki.  Bdng 3. Ludt diéu khién mo Kd.
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Céu triic két ndi toan hé thong duoc trinh bay ¢ hinh 5, trong d6, bao gom hai vong diéu
khién: vong trong 1a dicu khién toc d va vong ngoai la diéu khién vi tri.

Gid Irj dat vi tri AP M B& dléu Khign  Tin higu dap tmg
PID wij tei

Tin meu phén héi

Tin higu phan héi
v tri

Hinh 5. Két néi tin hiéu mé hinh thie ddng co servo véi cdu triic diéu khién Fuzzy- PID.
3. HE THONG THUC NGHIEM VA KET QUA
3.1. H¢ thong thye nghi¢m
Hé thdng thuc nghiém hé truyén dong dong co servo duge xay dung nhu hinh 6.

Man hinh hién thi

Hinh 6. Hé thong thuwc nghiém truyén dong dong co servo.

Trong m6 hinh CE110 ctia hang Tecquipment bao gdm: dong co servo M66CE-24, encoder
HEDS 9100, b ly hop M0710 2211. Tin hi¢u tbc do goc va goc quay cua tryc dong co dugc do
tir cam bién va truyén t6i Card PCle-6321 cta NI. Man hinh hién thi giam sat cac d6 thi dap tmg
dau ra.

Tin hieu dat National Instruments
PCle-6321 [auto]
Analog [K\ J
Input I

National Instruments Hien thi toc do1

PCle-6321 [auto]

Hinh 7. Tin hiéu trong hé thong thu thdp théng qua card PCle-6321.
Tin hiéu hé théng thu thap duoc thyc hién theo cAu trac trén phﬁn mém Matlab/Simulink nhu
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hinh 7, v6i chu ky 1dy mau Ts = 10ms. Str dung mot khéi gain 1am nhiém vu chuyén di téc do
do dugc tir encoder sang dién ap (1V ung véi 200 vong/phut) [14, 15].
3.2. Két qua thuc nghi¢m

Qua trinh trinh thyc nghiém st dung so ‘d(k) simulink nhu hinh 5 va tién hanh trén hé thong
nhu hinh 7 cho hai truong hop: bo PID truyén thong va by Fuzzy- PID dé xuat. Cac ket qua thu
dugc dung dé so sanh chat lugng gitra hai truong hop. Ba kich ban m6 phong bao gom: khi gia
tri dat khong doi, khi thay doi gia tri dat va khi c6 nhicu tai.
3.2.1. Khi gid tri dat khong doi

0.8

— ' ' ' — =Gia trj dat
- 'G?‘?lr§d‘?l ) 0.5+ —G"tfd“ . H
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Hinh 8. Ddp ing vi tri truc dong co khi Hinh 9. Ddp g vi vi tri truc dong co khi

0 =0,4rad vdi bo PID. 0 = 0,4 rad voi bg Fuzzy- PID.

Két qua thyc nghiém diéu khién vi tri truc dong co khi gia tri dit khong ddi @ = 0,4 rad.
hinh 8 cho thdy dép tmg vi ciia by diéu khién PID c6 d qua diéu chinh 16n 72,5%, thoi gian xac
1ap 1,2 s hé théng 6n dinh véi sai s6 xéac 14p 16n 18%. Hinh 9 déap ung vi tri cua bd diéu khién
Fuzzy- PID c6 d6 qua diéu chinh 0,8%, voi thoi gian xac lap 0,7 s, gén nhu khéng c6 sai 1€ch
tinh. So sanh hai truong hop cho thiy chét lugng bd Fuzzy- PID cai thién hon, hiéu suét diéu
khién t6t hon véi d6 chinh xac cao hon va thoi gian 6n dinh ngén hon so vé6i bo PID.

3.2.2. Khi thay doi gid tri ddt

— -Gid trj dat
——Gid tri dép (g
Sai léch

Dbap tng vi tri (rad)

Dap ung vi tri (rad)
=

nye L L
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. ]
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Thoi gian (gidy)

Thoi gian (gidy)
Hinh 10. Ddp iing vi tri truc dong co khi thay ~ Hinh 11. Ddp ing vi tri truc dong co khi thay
doi gia tri dat voi bg PID. doi gia tri dat voi bo Fuzzy- PID.
Xét thay ddi vi tri dat: tr & = 0,4 rad 1én 6 = 0,8 rad, 6 = 1,2 rad, rdi giam 8 = 0,6 rad.

Hinh 10 1a dap tng ciia bo diéu khién PID, trong d6 vi tri dao dong 16n, do qua diéu chinh
mdi lan vi tri dat trong khoang 50% - 75%, thoi gian xac 1ap tr 1,5 s — 2's, on dinh sau mot
khoang thoi gian dai va con ton tai sai sb xac 1ap 16n. Hinh 11 1a két qua ng vdi bo diéu khién
Fuzzy- PID, tir d0 thi ta thdy d6 quéa diéu chinh nho tir 0,4% - 0,8%, on dinh va bam vao gi tri
dit sau khoang thoi gian tir 0,9 s — 1,5 s vdi sai s6 xac 1ap nho, khong dang ké.

Hinh 12 va hinh 13 1a c4c tin hiéu & dau ra ctia bd diéu khién PID va bd Fuzzy- PID. Hinh 12
cho théy khi sai 1éch vi tri 16n, bd PID khong tao dugc tin hi¢u dién ap du lon dé truc dong co
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nhanh chong bam gia tri dat, khién cho thoi gian 6n dinh kéo dai. Vi bo Fuzzy- PID, @6 thi hinh
13 cho thay tin hiéu dién 4p d4u ra dat gia tri max 1a 10V khi sai 1éch 16n dé vi tri nhanh chong
bam theo diém dit moi, dong thoi c6 kha ning khong ché dién ap khong vot qué nhiéu khi sai s6
dang giam.

10
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5
S S
& i‘ 0
g g
5
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55 5 0 s 0o 2 46 8 10 12 14
Théi gian (gidy) Thoi gian (gidy)
Hinh 12. Bién dp diéu khién khi thay déi gia ~ Hinh 13. Dién dp diéu khién khi dép iing va
tri dat voi bo PID. khi thay doi gia tri dat voi bo Fuzzy- PID.

Hinh 14 1a dap tmg toc d6 tng véi bd diéu khién PID, tdc do 16n nhit nam trong khoang 225
v/ph — 430 viph. Hinh 15 1a téc d6 dap tmg khi bo diéu khién I1a Fuzzy- PID, toc d6 16n nhét tai
mai 1an thay ddi vi tri dat xdp xi 250- 280vong/phdt, nho hon so véi bo PID, do dé, su dao dong
va thoi gian quéa do ciing ngan hon.

300
200
200

>
3

100

<

-100

T(;L d&} (vong/phut)
Tée do (vong/phiit)

-200

b
S
3
=
8

-200

IS
=)
3

O
S
3

L 2300 - . . .
0 5 10 15 0 2 4 6 8 10 12 14

Thoi gian (gidy) Thoi gian (gidy)
Hinh 14. Téc dé truc déng co khi Hinh 15. Téc dé truc dong co khi
thay doi gia tri dat voi bg PID. thay doi gid tri dat vdi bo Fuzzy- PID.

Céc Vké't qua thyc nghiém cho thiy bo diéu khién Fuzzy- PID vi tri dong co servo O chét
luong :[6t hon, 6n dinh t6t hon va do chinh xac cao hon so véi bd dieu khién PID khi gia tri dat
thay doi.

3.2.3. Khi cd nhiéu tai: Xét tac dong cua nhiéu khi hé théng dang 6n dinh tai vitri @ = 0,5 rad.

Hinh 16 img voi bo diéu khién PID, tdc dong nhiéu tai vao hé thdng tai cac thoi diem 4,7 s;
81s va 710,2 s. Do thi thl;rc nghiém cho thay vi tri c6 d6 qua diéu chinh 16n nhat 34%,~c€1n 1’,2-1,5
s dé h¢ on dinh vdi sai s0 2% - 4%. Hinh 17 1a két qua cua bd Fuzzy- PID khi c6 nhicu xuat hién
tai cac thoi diém 5,1(s); 7,8(s); 9 ,6(s). Tur ket qua dap Ung ta thay vi tri co do qua diéu chinh 16n
nhit 3,7%, dao dong khoang 0,7(s) roi tr¢ vé trang thai on dinh véi do sai sé 1,4%.

Hinh 18 tng vai bo PID cho thay dién ap xuét ra nhé tai cac thdi diém co nhidu tai, do vay
khong nhanh chong bu duge sai sb vi tri. Hinh 19 1a két qua khi dung bd diéu khién PID-Fuzzy
cho théy su tac dong manh cua dién ap dau ra khi co nhitng sy thay ddi cua nhilu tai, do d6 Vi tri
su kiém soat tot, khong vot 16 16n.

Hinh 20 va hinh 21 trinh bay d6 thi tdc do dong co khi xuét hién tic dong cua nhiu twong
g v6i bd PID va bd Fuzzy- PID. Hinh 20 tai cac thoi diém tac dong nhidu, toc do 16n nhat 145
v/ph, sau 1,2 — 1,5 s hé théng 6n dinh. O hinh 21 vé6i bo diéu khién PID-Fuzzy, toc d6 16n nhat
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khi ¢6 tac dong nhidu 150 v/ph, sau 0,7 — 0,9 s hé thdng 6n dinh Gng vai toe d6 bang 0.

0.
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Hinh 18. Pién dp diéu khién khi c6 nhieu voi Hinh 19. Dién dap diéu khién khi c6 nhieu voi
bo PID. bo Fuzzy- PID.
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Hinh 20. Téc dé truc déng co khi Hinh 21. Toc do truc dong co khi
c6 nhiéu véi bé PID. co nhiéu voi bo Fuzzy- PID.

Trong trudng hop c6 nhiéu tac dong, hé thong sir dung bo didu khién Fuzzy- PID ¢ d6 qua
diéu chinh nho, thoi gian 6n dinh nhanh véi sai s6 xac 1ap nho so voi bo diéu khién PID.

Twr cac truong hop dap Gng gia tri dat, thay dbdi gia tri dat cho hé théng va tac dong nhiéu vao
truc dong co, bd diéu khién PID-Fuzzy déu cho chat lugng diéu khién tot, vuot troi hon bo didu
khién PID. C6 chat lugng diéu khién tot hon 14 do tinh linh dong ciia bo diéu khién mo tac dong
1én céac hé sb caa bo diéu khién PID, lam giam d6 dao dong, do vot 16, tang nhanh thoi gian dap
{g va lam giam sai 1éch tinh cta hé thong.

4. KET LUAN

Bai bao nghién ctru thiét ké bo diéu khién vi tri hé truyén dong dong co servo va ap dung diéu
khién trén m6 hinh thye CE110 cta Tecquipment vdi tinh thoi gian thyc. Cau trac di€u khién dé
xuat bao gom sy két hop luat mo dé chinh dinh cac thdng so dieu khién PID. Cac chi ti€u chat
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luong diéu khién ciia by Fuzzy- PID duoc so sanh voi b diéu khién PID truyén thng déu cho
thdy uu diém dang ké. Cu thé 1, khi thay d6i gia tri dat va xuét hién yéu té nhidu, két qua thyc
nghiém cho thay vi tri dong co khi sir dung bo dleu khién dé xuat cho thoi gian qua d6 nhanh, d6
vot 16 va sai 80 xdc 1ap nho. Tuy nhién, can tiép tuc nghién clru va thiét 1ap cac dir liéu mo dé
phat trién luat diéu khién mo tdi uu hon nita trong cac cong bd tiép theo.
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ABSTRACT
Position control of servo motor on a practical model

A servo motor is commonly used in systems with high precision requirements. Among
these, the problem of position control is highly regarded and widely applied. The process
of controlling the position of a servo motor drive system often encounters uncertainties
such as friction, external loads, or external forces. Therefore, the content of the research
paper focuses on presenting an intelligent control system based on an integrated fuzzy-
PID control scheme. Through fuzzy rules and fuzzy control mechanisms, the control
system is capable of responding rapidly and maintaining the desired position of the motor.
An experimental control system for a servo motor drive system is constructed, and the
obtained results provide evidence for the feasibility of the proposed control scheme.

Keywords: Fuzzy; Position Control; Servo Motor; PID.
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