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XAY DUNG MO HiNH THU'C NGHIEM
CHO HE THONG PHAN PHOI VAT LIEU
VA AP DUNG THUAT TOAN PIEU KHIEN DU BAO
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Tom tat:

Bai bdo nay trinh bay cdc buéce thiét ké thie nghiém cho hé thong phdan phéi vét liéu. Muc tiéu ciia
viéc thiét ké thuc nghiém la cong cu kiém chung su dung dan ciia viéc xay dung bo diéu khién du bao thich
nghi cé chira thanh phan tich phan vmg dung cho hé thong phdn phoi vét liéu. Két qua mé phong cho thay
tinh ddp vmg la twong doi tot. Qua dé di chirng t6 rang mé hinh diéu khién dir béo thich nghi ¢6 chira thanh
phdn tich phan da dé xudt lam viéc on dinh voi do chinh xdac vi tri cao cho hé théng phan phéi vat liéu khdc
phuc duoc cdac nhuoc diém cua thuat toan PID don thuan. Ty hudt toan diéu khién nay cing co thé duwoc mo
réng cho cdc hé thong phi tuyén khac.

Tir khoa: Generalized Predictive Control (GPC), Model Preditive Control (MPC), Multiple, Non-linear model.

1. Giéi thiéu

Céc hé thong phéan phdi vat liéu 1 xu huéng
khong thé khac nham giai quyét cac yéu cau trong
téng hop vat li¢u, phan phéi vat liéu sinh hoc nhu
dat protein 1én cac dé dugc thiét ké sin... Nganh vi
co khi va diéu khién tw dong da gop phan rat 16n vao
viée tang tdc cac ung dung cia vat li€u micro nano
vao cudc song. Cac hé thong didu khién ty dong
nay cho phép phti 1én trén mot bé mit véi dia hinh
bat ky, trong mot khoang dién tich rat nho nhu’ng
lugng vat chat (chat 1ong) rt nho va co thé didu
khién duoc [1].

He¢ thong nay thuong bao gom céac hé thong
treo, chuyén dong theo ba chiéu doc lap nhau trong
khong gian véi d§ phan gidi bude ¢ c¢d micromet.
Diéu nay cho phép hé thong co thé thyc hién t6t cac
tac vu trong khong gian hep ma van dam bao do
chinh x4c cao. Hé théng thuong di kém phan mém
diéu khién, ghép ndi may tinh hoic sir dung cac hé
théng nhung dé tao diéu kién thuén loi cho nguoi
su dung Dic biét véi thiét ké ctia hé théng rat chi
trong dén do chinh xac ctia timg chi tiét co kh1 cac
thuat toan diéu khién dé lam giam cac sai s6 nang
cao do chinh xac cta hé thong [2,3].

Hon nira, tac gia da xay dung dugc mé hinh
phi tuyén day dii cho hé phan phdi vat liéu nano
va d& xuit mot thuat toan diéu khién PID cho hé
[1,2]. Két qua di chi ra rang tai thoi diém ban dau
khi h¢ khoi dong thi cac thanh phén phi tuyén gay
ra tré va khi hé dao chleu quay dé bam V1 tri thi he
bi dao dong tai diém can bam. Néu yéu cau cao vé
d6 chinh xac thi thoi gian dé hé bam diém dit 1a dai
v6i d6 tré 16n. Vi vay, can c6 mot thuat toan diéu
khién dé khéc phuc cac nhugc diém trén [4] tr. 337;
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[5] tr. 408.

Trong bai béo [3] tac gia dé xuat mot phuong
phap méi xdy dung bo didu khién dy bio trong
khong gian trang thai dé giai bai toan diéu khién
phi tuyén tng dung cho hé théng phan phdi vat liéu.
Két qua mé phong cho thay chit lugng ciia bo diéu
khién t6t, tin hiéu ra y(t) bam tin hiéu dat u(t) véi
sai sO dat yéu cdu cho hé thng, thoi gian dé hé bam
diém dat 1a nhanh.

2. Xay dung mé hinh hé théng chuyén dong cé
khe hé hop sb

Méy tinh dung thu thap dit liéu va vé db thi
sir dung phan mém Matlab. Thuat toan diéu khién
dugc xdy dyng trén may tinh bing phin mém
Matlab, sau d6 bién dich va nap cho MCU. Tur do
tin hiéu diéu khién duoc dua t6i mach cong suat dé
didu khién dong co. Pong co quay truyén chuyén
dong qua hop s6 dua téi chuyen dong quay cho truc
vit me thong qua khép ndéi mém. Trén truc vit me cod
gin dai 6c bi (hai ddu vit me dugc gin ¢b dinh boi
gbi d& va 6 bi) lam bién chuyén dong quay thanh
chuyén dong tinh tién cua ban may (ban may dugc
gin cb dinh trén dai dc bi va thanh dan hudéng). Cubdi
déu truc vit me c6 gén truc tiép mot encoder dé do
tin hiéu phan hoi du ra, tin hiéu nay duoc phan hdi
vé mach do, nhan xung va dua t&i mach diéu khién
trung tim MCU & xir 1y theo thuat toan MPC hay
PID. Tt day bo xur 1y trung tdm mdt duong dua tin
hiéu diéu khién diéu chinh dau ra dat t6i d6 chinh
xac. Hai 1a dua tin hiéu 1én may tinh dé do va hién
thi, v€ dang song [6] tr. 5-10; [7] tr. 258, 259; [9] tr.
90-108; [10] tr. 11.
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HE THONG PHAN PHOI VATLIEU

Hinh 1. So' d6 cdu triic co khi hé thong phan phéi vit liéu [3]

M6 hinh hé théng dwoc xay dung trong Hinh
1. Hé chuyén dong duoc diéu khién boi dong co
DC co hop sd, truyén chuyén dong qua truc vit me
dai ¢ bi co6 bude ren 1,75 mm, sir dung encoder

v6i do phan giai 2000 xung/1 vong quay gin & cudi
dau ra truc vit me dé phan hdi vi tri chinh xac. Muc
tidu dap ung yéu ciu bai toan 1a: Dién tich bé mat
san pham can phan phdi nhé hon 10° pm2, d6 phan
giai budc budc 16n hon 10°um, d6 chinh xac vi tri
nho hon 10 nm, thoi gian dap tmg cho mdi budc
1 gidy, hé bén viing v6i cac thay d6i tham sb cua
md hinh trong khoang + 5%, khong c6 d6 qua diéu
chinh [1,2,3].

Trong d6 chiic nang cac khéi nhu sau:

- Ngudn cung cap Cung cip nguon +5VDC
cho mach vi diéu khién Va giao tiép cach ly,
+24VDC cho mach cong suét va dong co.

- May do song: La thiét bj do va hién thi
dang song truc tiép trén mo hinh.

- Encoder, Cam bién: Cam bién tiém can ¢
tac dung xac dinh vi tri géc, Encoder gén trén truc
vit me do trugc tiép tin hiéu phan hdi dau ra.

- May tinh, phan mém: Nhan céac 1énh diéu
khién tir vi xtr Iy (phim bam, cam bién) thong qua
mach truyén thong, dong thoi tinh toan ndi suy Xur
Iy thuat toan dua ra 1enh diéu khlen qua truyen
thong thuc hién budc tlep theo, c6 sidn phan mém
Matlab dé 1ap trinh do, hién thi két qua.

- Bo xir ly MCU: Chip xu 1y trung tdm xt
Iy dir liéu truyén thong, diéu khién mach cong sut,
hién thi.

- Bo giao tiép may tinh: Truyén thong qua
cong USB gitra may tinh va chip didu khién tuong
thic v6i phdn mém matlab.

- Cong suat: Khuyéch dai dong diéu khién
dong co tryc va diéu khién cudn hut phan phéi vat liéu.

58  Khoa hoc & Cong nghé - S6 17/Thang 3 - 2018

- Bong co: Bong co DC24V ¢6 ho $6.

- Hop giam tdc: Puoc gin vao dong co DC
truyén chuyén dong.

- Khép ndi mém: La khép ndi gitra truc
dong co véi vit me bi.

- Pai b¢ bi: C6 tac dung truyén chuyén dong
quay thanh chuyén dong tinh tién.

- Thanh truot, con truot: Din hudng va
giam trong luc 1én thanh vit me.

- G6i d, 6 bi: Giam ma sét, va trong lyc tai.

3. Két qua thye nghiém

Két qua thyc nghiém khi nap chuong trinh
diéu khién vao MCU doc dugce cac tin hiéu truc tiép
tir may tinh thong qua cad giao tiép truyén thong 1én
ph?m mém Matlab vé dang dd thi hodc trén Osillocoper
nhu cac truong hop khao sat sau [8] tr. 23-27:

e Truong hop 1: Khao sat hoat dong cua
hé thong phan phdi vat liéu tng dung thudt toan
MPC khi mang tai. Cho hé théng chay tir vi tri ban
dau dén diém can nho sau d6 chuyén dong di (tir
0- 200pum), lai (tir 200pm — 190pum) qua hai diém
can nho ¢ dinh thyc hién lap di 1ap lai nhiéu lan
nhu Hinh 2:
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Hinh 3. Vi tri dau ra khi tin hiéu diéu khién 1ém cho
hé chuyén dong qua 2 diém
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Hinh 4. Vi tri ddu ra khi tin hiéu diéu khién nho cho

hé chuyén dong qua 2 diém
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20 \

15 \

10 \

\

5
MM»L‘ AR PRI

bién ap (v)
=]

M VA qu“j‘..ﬂ.i H
-5 V

0 1 2 : 4 5
Hinh 6. Pién dp phan irng cho hé chuyén dong qua
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Khoang cach chuyén dong 16n nhu Hinh 2
cho thiy chit lugng bo diéu khién van duogc duy tri.
Khong c¢6 d6 quéa didu chinh, sai 1éch tinh van trong
pham vi cho phép.

Giam thiéu anh huéng cia hién tuong
backlash, khép ndi mém, ma sat gay ra cho hé théng
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nhu Hinh 3 trong thoi diém ban dau 0,01s.

Trong Hinh 4 ta nhan thay khong c6 do quéa
diéu chinh, 6n dinh tai diém lam viéc, thoi gian dap
g tét. Méc du tin hiéu nhiéu tic dong nhiéu.

Trén Hinh 5 ta thiy nhiéu d4u vao 16n, dong
dién c6 dao chidu nhung dau ra van 6n dinh khong
¢6 sai 1éch tinh.

Trén Hinh 6 mic du bio hoa ngudn +24
VDC nhung qua bd diéu khién du bao hé van diéu
khién 6n dinh nhu Hinh 5. Pay ciing chinh 1a wu
diém cua bd didu khién du bao khi cac tham sb cua
mo hinh bi chan.

e Trwong hop 2: Khao sat hoat dong cua hé
thong phan phdi vat liéu tng dung thut toan MPC
khi mang tai. Cho hé thong chay tir vi tri ban dau
dén nhiéu diém cin nhoé trén mot truc th'fmg, budce
di chuyén qua cac diém can nho la c¢6 dinh do phan
giai 50pm nhu Hinh 7.
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Hinh 7. Vi tri dau ra trén toan ddi thang do cho hé
chuyén dong co do phan giai burdc 50um

150
145
140
E‘ISE
130
=125 //
E
STs
110 //
00 ~
100
10 10.5

11 11.5 12
Thoi gian (s)

Hinh 8. Vi tri dau ra 1ém cho he chuyén dong co do
phan giai budc 50um
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Hinh 9. Vi tri dau ra nhé cho hé chuyén dong co do
phan giai budc 50um
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Hinh 10. Dong dién phan iing cho hé chuyén dong
¢o do phan giai budc 50um

20

15 X
- \

10 N
o ? \
<E- 0 \"
5
? -5
g-10
A -15

200 i

45 ] 55 ] 6.5 7
Thoi gian (s)

Hinh 11. Pién dp phan img cho hé chuyén dong cé
do phan giai buoc 50um

Nhan thdy qua Hinh 8, 9 ta thiy hién tuong
backlash van xay ra tai thoi diém khoi dong nhu
qua trinh xay ra cling rat nhanh. Khong anh hudng
t6i qua trinh hé di vao 6n dinh. Sai léch tinh bang
khong va khong c¢6 quéa diéu chinh. Hinh 10, 11
cho thay nhiéu dau vao 16n, dong dién c6 ddo chiéu
nhung dau ra van 6n dinh khong c6 sai éch tinh.

Trén Hinh 11 mic du bio hoa ngudn nhung
qua bo diéu khién du bao hé van diéu khién 6n dinh
nhu Hinh 8. Pay ciing chinh giéng nhu truong hop
1 1a wu diém cua bd didu khién du bao khi cac tham
sb ctia md hinh bi chan.

e Truong hgp 3: Khao sat thuc nghiém so
sanh hai thuat toan PID va MPC. Khi thay ddi tac
dong tai va nhidu ngoai vao hé thong ta thu dugc
cac tin hiéu diéu khién sau:
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Hinh 12. Pién dp phan img cia dong co thuc
nghiém
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Hinh 13. Dong dién phan vmg ciia dong co thiee nghiém
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Hinh 15. Kha nang dw bdo cua khdau dy bao voi
hiéu ung Backlash so voi PID

Dang dong dién va dién ap nhu Hinh 12 va
Hinh 13 ¢6 bién d¢ 16n nhat nho hon so véi truong
hop mo phong vi thuc té ngudn cip bi gidi han 24V.

Két qua cho thiy nhu Hinh 14, bo diéu khién
dugc thiét ké bang dicu khién du béo s& cho thoi
gian dap tmg tot va hé nhanh chong tién t6i diém 6n
dinh. Hé khong ¢ d6 qua diéu chinh va voi phuong
phap diéu khién du bao, anh huong cua céc khau
phi tuyén duge khir trong dbi triét dé.

4. Két luin

Tir cac két qua trén, ching ta thay rang két
qua thuc nghiém tuong do6i giong véi két qua mo
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phong.

Tai thoi diém ban dau (khi hé khoi dong) va
khi hé dao chiéu quay dé bam vi tri, hé it bi dao
dong tai diém can bam. So vai trudng hop 1y tuong,
thyuc té thoi gian qua do ciia hé 1a 16n hon so vai
truong hop 1y tuong. Tuy nhién van dé nay khong
anh hudng t6i cac chi tiéu khac nhu do qua didu
chinh va sai léch tinh. Trong thuc té ciing ching
minh vai trd ctia bd didu khién du béo dbi voi cac
hé co6 xay ra hién tugng Bachlash nhu Hinh 14. Tin
hiéu dau ra di dap tng nhanh hon so véi trudng hop
su dung PID.
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Nhing két qua di chimg minh riang cac mo
hinh diéu khién du béo dé xuat lam viéc 6n dinh voi
d6 chinh xac vi tri cao cho h¢ thong phan phdi vat
lidu. Thuat toan diéu khién nay ciing c6 thé duoc
mo rong cho cac hé thng phi tuyén khac.

Hudng nghién ctru tiép theo tac gia s& thiét
ké mot hé thong phan phdi vat ligu thyc té véi day
du céc bd phan co khi chinh xac dé ap dung thuat
toan diéu khién trong dé xuat nay.

Tac gia ciing s& phat trién thir nghiém hé
thdng vé6i chét liéu sinh hoc bao gdm cac hanh dong
lién quan dén té bao, ADN, khang nguyén, khang thé.
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EXPERIMENTAL MODELS CONSTRUCTION FOR DISTRIBUTION SYSTEM
AND APPLIED MATERIALS CONTROL ALGORITHM FORECAST

Abstract:

This paper presents the experimental design step for materials distribution system. The goal of the
experimental design is to verify the correctness of the construction of the model prodictive controller for
nano-materials distribution system. Results showed that experimental and simulation results are similar.
Thereby proved that model predictive controller proposed works stable with high accuracy of position for
nano-materials distribution system. This overcomes the disadvantages of PID algorithms. This control
algorithm can also be extended to other nonlinear systems.

Keywords: Generalized Predictive Control (GPC), Model Preditive Control (MPC), Multiple, Non-linear
model.
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