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NGHIEN CU'U THUAT TOAN VA MACH CUA HE THONG
PIEU KHIEN TOC DO QUAY TRONG MAY MAI NGHIEN
CHI TIET QUANG CNC MB-250

NGUYEN TRONG HUNG, VU DUY BUC, PHAM QUOC HAI, NGUYEN VAN VO

1. MO PAU

Hé thong diéu khién s6 1a hé théng ma trong d6 c6 it nhat mot tin hiéu duoc truyén dudi
dang s6 hda (xung, so, [1).
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Hinh 1. So d6 khéi hé thong diéu khién s6

Mot hé théng diéu khién s6 thong thudng duoc mo hinh héa theo so do khéi nhu hinh 1 bao

gom:

- Thiét bi diéu khién s6 (TBDKso6): mdy tinh diéu khién hé thong qua cdc phan mém xir If
tin hiéu; vi diéu khién tinh todn xir If tin hiéu theo chwong trinh dugc nap vao trong Chip diéu
khién va dugc goi 1a phin cting ctia hé théng diéu khién.

- Doi tuong diéu khién (PTDK): 1a cdc d6i tugng tidc dong ma hé thong diéu khién huéng t6i.

- C4c bo chuyén déi tin hiéu So - Tuong tu (D/A) va nguoc lai Tuong tu - S6 (A/D).

Uu diém cta cdc hé thong diéu khién s6 1a c6 kha nang diéu khién chinh xéc, toc do ddp
ting - phan hoéi nhanh, do 6n dinh va nang suit cao. Do d6, diéu khién s6 ngly cang dugc tng
dung rong rii trong céc Iinh vuc cta khoa hoc - cong nghé. Riéng trong linh vuc co khi, thi diéu
khién s6 duoc dua vao diéu khién qud trinh hoat dong ciia cdc mdy cong cu, mdy gia cong va
dugc goi 1a may diéu khién s6 CNC (Computer Numercial Control).

Viéc nghién citu thuat toan, chuong trinh, mach va truyén thong diéu khién 1a van dé can
thiét va phiic tap khi nghién citu cic hé théng diéu khién so trong linh vuc co khi - Tu dong héa
hién nay.

Trong bai bdo nay trinh bay két qua nghién ctru vé thuat todn, chuong trinh va mach cta hé
thong diéu khién toc do quay trong may mai nghién chi ti€t quang CNC MB-250.

2. CO SO PHUONG PHAP NGHIEN CcU'U

2.1. Diéu khién dong co DC Servo mét chiéu bing thuit toan
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Trong hé thdng diéu khién dong co bang thuat toan PID phuong trinh diéu khién c6 dang:

Kp.e(n)+Ki.T.Zn:e(n)+ K,

U= T.S.[e(n) - ezl_’lo— 0)]

trong d6: Kp - Hé sb ti 1&; K; - Hé sb tich phan; K, - Hé s vi phan; S - Bién ddi Laplace cua tin
hiéu dau vao; U(n) - Tin hiéu di€u chinh theo sai sO; e(n) - Sai s0 tai thoi diém 7.

~ Theo phuong phdp diéu khién bang PID ham muyc ti€u cua hé thdng diéu khién chinh xac
toc do hay vi tri 1a dua tin hi€u diéu chinh U(n) v€ gia tri bang khong.

Chat lugng hé théng phu thuge vao cédc tham s Kp, K;, Ku. Vi vdy, bai todn diéu khién
dong co tré thanh bai toan tim céac gia tri hé s6 K hgp 1Y d€ hé cé thé hoat dong on dinh véi tiéu
chi 6n dinh theo toc do.

Phuwong phdp diéu chinh tham sé ciia vong ldp diéu khién PID nhur sau:

Mot phuong phdp ¢b dién nhung don gian va hiéu qua dé chinh dinh ba théng s6 Kp, K; va
K, cua bg dieu khién PID la phuong phap Ziegler-Nichols (Ziegler Nichols Tuning Method).

Thu tuc chinh dinh nhu sau:

a. Chi diéu khién hé théng bang bo diéu khién ti 1& K, (dit K, = K, = 0).

b. T:ng Kp dén gia tri Kc ma (S"dé hé théng bat dau mat 6n dinh (bit ddu xuét hién dao
dong - diém cuc cia ham truyén kin nam trén tryc 40 j@).

X4c dinh tan s6 @, cua dao dong vira dat.

Tt hai gid tri Kc va @, vira dat, céc thong s6 36 Kp, K; va K, duge xdc dinh nhu bang sau:

Bd didu khién Ke Ki Ko

P (tilg) 0.5 Ke

Pl (tich phan til&) 0.45 K¢ 0.191Kpm,

PID (vi tich phan ti 1&) 0.6 Ke 0.318Kpm, | 0.785Kpm,

PID v@i mot it vot 16 0.33 K¢ 0.318Kpw: | 2.07Kpwe:

PID khdng vot 16 0.2 Ke 0.53Kem, | 3.14Kpm,

c. Tinh chinh lai ba thong s6 nay dé dat dwoc dap tmg nhu mong mudn.
L o Khsifila
k. husch dai gai =4 » Khii fich phan —_: Ba céng Iy Tin hidura

Gia i sl s Khiiviphian

Hinh 2. So d6 biéu dién phuong phép diéu khién dong co bing thuat todn PID
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2.2. Thuit toan PID

- Luat diéu khién ti 1& (P)
Tin hiéu diéu khién trong quy luat ti 1¢ (P) dugc xac dinh theo cong thuc:
U(t) = k,.e(1)

trong dé: k, - Hé s6 khuéch dai; U(t) - Tin hiéu ra (Output); e(t) - Tin hi¢u dau vao (Setpoint).

Theo tinh chat clia khau khuéch dai thi tin hiéu ra lu6n triing pha vdi tin hiéu vao, diéu nay
cho thdy khau ty 1¢ c6 toc do tdc dong nhanh va 6n dinh c6 thé tdc dong trén nhiéu d6i tuong.

Tuy nhién, quy luat ty 1é cling c6 mot nhuge diém co ban dé 1a khi ding véi cdc doi tuogng
tinh hé thong diéu chinh luén tén tai sai léch finh va khong thé dung trong cic hé thong diéu
chinh theo chuong trinh. Dé gidm sai léch tinh ta phai tang hé s6 khuéch dai nhung diéu nay 1am
hé thong dao dong tang c6 thé dan dén mat 6n dinh.

- Luat diéu khién Tich phan (/)

Trong quy luat tich phan tin hiéu diéu khién dugc xdc dinh theo cong thic:

1
Ut)=k j e(t)dt = T j e(t)dt

trong d6: T, - Hing s6 thoi gian tich phan.

Tu cong thic trén thay ring, gid tri U(t) chi dat gid tri x4c 1ap (qud trinh diéu khién két
thdc) khi e(?) = 0. Nhu vay, uu diém ctia quy luat tich phan Ia triét tiéu duoc sai léch tinh.

Xét dac tinh ctia khau tich phan, tin hiéu ra luon Iuén cham pha so véi tin hiéu vao mot géc
7/2, diéu nay noéi lén sy tdc dong cham cua quy luat tich phan. Do su tdc dong cham ma trong
cong nghiép hé thong diéu chinh tu dong sir dung quy luat tich phan kém 6n dinh do d6 né it dug
stt dung doc lap va thudng di cling v6i bo diéu khién khéc.

- Luat diéu khién vi phan (D)

Té4c dong diéu khién dugc xéc dinh theo cong thic sau:
de(t) de(t)

=k, .
dt dt

Véi quy luat nay tin hiéu ra duoc x4c dinh bang vi phan cua tin hiéu vao nhdm 1am tang t6c
do tdc dong cha qud trinh, it ngén duoc thoi gian qud do. Nhung né lai c6 do qud diéu chinh 16n
va phan tng véi nhiéu & tan s6 cao.

U@ =t,

Mot diéu quan trong can chd y 1a bo diéu khién vi phan D khong thé dung doc lap, vi né
khong ddp tng duoc sai s6 & ché do xéc 1ap, né can duoc sir dung véi té hop cac dang diéu khién
khéc nhu ty 1€ va tich phan.

- B6 diu khién T§ 16 - Tich phan - Vi phan (PID)

Ngudi ta thay rang, cdc bo diéu khién Ty I¢ - Tich phan, hoac Ty 1é - Vi phan dap tng duoc
phin ndo yéu ciu chat lugng ctia mot bo diéu khién, tuy nhién ching c6 mot s6 nhugc diém. Dé
thda man yéu cau chat luong diéu khién, trong thuc t€ ngudi ta thuong sit dung bo diéu khién Ti
1¢ (P) - Tich phan (I) - Vi phan (D) va goi 1a bo diéu khién PID. Bo diéu khién PID t6ng hop céc
uu diém clia tiing bo diéu khién thanh phan P, I, D.

Sau day ta s& nghién ctiu vé bo diéu khién PID mic song song véi nhau theo so d6 sau:
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Hinh 3. Bo diéu khién PID mic song song
3. THUAT TOAN VA MACH DIEN CUA HE THONG PIEU KHIEN
3.1. So d khdi

So do khéi ctia hé thong diéu khién ctia may mai nghién chi tiét quang duoc trinh by trén
hinh 4.

Tin hiéu diéu khién t6c do quay ctia truc cong tic va truc tay quay, dugc truyén t6i Master
qua Bus I2C. 0 day, cdc tin hiéu dat (K, K,, K, V,,) dugc truyén t6i cac Slaver I va Slaver 2,
qua cdc khoi cong suat / va khoi cong sudt 2, tin hiéu diéu khién céc dong co DC Servo 1 va DC
Servo 2, diéu khién céc truc cong tic va truc tay quay theo gid tri yéu cau cta ché do cong nghé,
déng thoi dat dugc hé s6 ty s6 truyén mong mudn, dé diéu chinh chuong trinh dong hoc mai
nghién, nhim nang cao do chinh x4c tao hinh bé mit va niang suat gia cong.

pC

l USB

MASTER

BUS 12C |Tin hiéu dat (Kp, Ki, Kd, Vset)

SLAVE1 SLAVE2
Cong sudt Cong suat
1 2
L DC1 pcz —
Encoder 1 Encoder 2
Phan héi (xung) Phan héi (xung)

Hinh 4. So d6 khéi hé thong diéu khién t6c do quay ctia mdy CNC MB-250.

3.2. Thuét toan diéu khién
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Céc thuat toan diéu khién clia module Master va module Slave cia may mai nghién chi tiét
quang CNC MB-250 duoc chi dan trén hinh 5 va 6.

Khoa Co khi, Truong Pai hoc Su pham k§ thuat Hung Yén xay dung dugc chuong trinh va
giao dién diéu khién t6c do quay hai truc cong tic va tay quay clia mdy mai nghién chi tiét quang
CNC MB-250. Trong d6, sit dung thuat todn PID dé nang cao do chinh x4c diéu khién ddp tng
yéu cdu clia cong nghé gia cong (hinh 7).

3.3. Thiét ké cac mach dién tir

Mach dién tir clia hé théng diéu khién s6 gém c6: mach module Master va module Slave.
Trong d6, module Slave gdm khoi xU 1i chinh va khéi khuéch dai cong sudt.

- Mach module Master

Cdc thanh phan va chiic nang cua linh kién chinh trong mach:

+ Vi diéu khién PIC18F4550 - bo xtt Ii trung tam.

+ Ngd giao ti€p noi tiép dé vi diéu khién giao ti€p v6i mach nap chuong trinh diéu khién.

+ Céng giao ti€p 12C dé giao ti€p véi cdc Slave module.

+ Cdc nit bam phuc vu viéc nhan Iénh tir ngudi diéu khién.

+ Giao tiép cong Com.

+ C6 hién thi LCD.

- Mach module Slave

GOm hai khai: xir i chinh va khuyéch dai cong suét.

+ Khoi xtr 1i chinh:

e Vidiéu khién PICI6F877A - bo x{t Ii cua rieng module Slave.

e Ngo giao ti€p noi ti€p dé giao ti€p v6i mach nap.

e Ngo giao ti€p I12C dé giao tiép v6i vi diéu khién clia module Master.

e Ngb noi véi Encoder dé doc tin hiéu héi tiép, c6 mot IC flip-flop dé dém tin hiéu tir

Encoder.

+ Khai khuéch dai cong suét:

e Chip diéu khién dong co

e Ba Opto dé cach ly cac ngd vao cta Chip diéu khién dong co, bao vé phan mach phia

trudc.
e Cic cong Logic dé nan tin hiéu cho ngd vao PWM.

Céc mach Master, Slave va cong suéit dugc tich hgp v6i may tinh qua truyén thong USB
(hinh §).
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Khéi tao cac cong giao
tiep, ngat, timer, cac
bién...

Khéi tao cac céng giao
tiép, ngat, timer, cic

bién... ‘
Nhan 1énh cia
Master
Kiém tra két ndi
USB?

Y
Nhén 1énh dung?

Khéng
Chay tw do 1 chu ki Ap cac oia | Khéng
1y miu Nhalféfécti;‘ n PID ty dong ?
A Co
K=K, t

Co 1énh dung ?

K=Ky t PR z
K, I=KL ¢ Khoa cac ngat,
z ‘D* timer...
Léy tin hiéu
xung tir Encoder

Tinh cac thong s6
e2=v_set—v_cur
e_sum=e2 +el
e del=e2-el
el=e2
duty = duty+Kp*e2 + Kr*e_sum + Kp*e_del

Co dir liéu trong
HID ?

Giri dit lidu xudng
2 Module

Phat xung

diéu khién

[t fo———
Hinh 5. Thuat toan diéu khién module Hinh 6. Thuat toan diéu khién module Slave.

Master.

i
Hinh 7. Chuong trinh va giao dién diéu khién Hinh 8. Tich hgp cac mach Master, Slave
clia may mai nghién CNC MB-250. va cdng sudt vai may tinh.

4. PUONG DPAC TiNH THUC NGHIEM PANH ,GIA CHAT LUGNG CUA HE THONG
PIEU KHIEN

4.1. Cac dwong dac tinh thyc nghiém
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Puong dic tinh thuc nghiém ddnh gid chat luong clia hé thong diéu khién, dugc xéc dinh tir
céc dit lieu dugc luu trit trén mdy tinh trong qud trinh diéu khién téc do quay hai truc.
- Ché d6 hoat dong voi toc dd quay cua truc dong co v = 800 v/ph (hinh 9): h¢ thong dang

c6 tai va sau d6 dd tai, sai s6 van tc diéu chinh 14 - 16 v/ph. Hé thong 6n dinh sau thoi gian 40
chu ky l4y tin hiéu (At = 58,59375).

- Ché dg hoat déng véi toc do quay cua truc dong co v = 1500 v/ph (hinh 10): hé thong
dang chay c6 tai on dinh r6i do tai, nhung c6 thoi gian on dinh nhanh hon so véi ché d6 hoat
dong khi tdc d6 quay cua truc dong co 1a 800 v/ph. Con hé théng dang chay khong tai dot ngot
tang tai, thi tbc do giam, sau d6 on dinh vai sai sé van tdc diéu chinh 14 - 16 v/ph. Hé thong 6n
dinh sau thoi gian 40 chu ky 14y tin hiéu (A7 = 58,59375).

v=800v/ph v =1500 v/ph
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thoi gian = n x delta(t) thoi gian = n x delta(t)
Hinh 9. Bwéng dac tinh thwe nghiém Hinh 10. Bwong déac tinh thye nghiém
diéu khién téc do véi v = 800v/ph dicu khién toc do vei v = 1500v/ph

Trong d6: Thoi gian thuc didu khién = s chu ki 14y mau x thoi gian mot chu ki (60 ms).
4.2. Thong s ki thuat cia h¢ thong diéu khién

Céc thong s6 kix§ thuat ctia hé théng diéu khién t6c do quay gom: Do qud hiéu chinh, sai
léch tinh va thoi gian qud do. Cac thong s6 nay duogc xac dinh tir thuc nghiém nhd bang s6 liéu
luu trén mdy tinh trong qua trinh diéu khién t6c¢ do hai truc quay va xem hinh 9 va hinh 70 ta co6:

- Do qua hiéu chinh: 30%;
- Sai léch tinh: 16 vong/phii;t
- Thoi gian qué do: 40 x At = 2400 ms.

Tu céc két qua nay cho thdy ring, hé thong dam bao do chinh xdc diéu khién t6c do quay
cla hai truc, dép Gng yéu ciu k¥ thuat cia mdy mai nghién chi tiét quang CNC MB-250.
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SUMMARY

RESEARCH ALGORITHM AND CIRCUIT OF NUMERICAL CONTROL SYSTEM
IN THE OPTICAL GRINDING MACHINE CNC MB-250

This paper presents some research’s results on algorithms, programming, and
communication of rotation speed controller system that is used in CNC grinding machine MB-
250. Digital control system uses a method of controlling the negative voltage DC servo motors,
the PID algorithm, microcontroller PIC 16F877A and PIC 18F4550. The spindle speed control
program is transmitted from the computer through USB communication via the master and
slave, with feed-back loop, improving the precision controls to achieve the technology’s
requirements.

With the success of research results, creating the ability to complete the design and
manufacture of digital control systems as models of industrial use in order to integrate more
CNC optical grinding machine.
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