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TOM TAT

Bai bdo nay trinh bay két qua nghién ciru, thiét ké va ché tao hé thong diéu khién s6 toc do
quay CNC theo phuong phép tich hop hai mach vong, diéu khién 4m dién 4p phan tmg va dwong
dong dién dong co DC Servo, ding thuat toan PID, cic vi diéu khién PIC 18F4550, PIC
16F877A. Chuong trinh diéu khién toc d hai truc quay dugc truyén tir mdy tinh nhd truyén
thong USB t&i mach Master va Slave. Hé thong nay dam bao diéu chinh tdc do quay 6n dinh do
thay dbi tai khi cit got vat liéu trong qu4 trinh gia cong trén cic may CNC.

V6i thanh cong ciia két qua nghién ciru, tao ra kha ning hoan chinh thiét ké, ché tao h¢
thong diéu khién s6 dang mé hinh cong nghiép, ding dé tich hop trong mdy gia cong co khi
CNC.

Tur khod: digital controllers system for CNC, DC Servo motor, use PID algorithm and the PIC
18F4550, PIC 16F877A microcontroller.

1. MO PAU

Cong nghé diéu khién sd 1a linh vyc lién quan téi nhidu nganh nhu co khi, ty dong héa,
dién - dién tir va tin hoc. Viéc nghién ctru, thiét k& va ché tao hé théng didu khién sd toc do
quay, dé tich hop trong céc méy gia cong CNC 1a van dé dat ra hét sirc can thiét trong linh vuc
Co khi - Ty dong hoa.

~ Trong bai bdo nay trinh by két qua nghién ciru thit ké va ché tao hé thong diéu khién s6
toc d6 quay CNC theo phuong phép tich hop hai mach vong dién 4p va dong dién.

2. CO SO PHUONG PHAP NGHIEN CUU
2.1. So’ @6 khéi téng hop cic vong diéu khién truc may gia cong CNC
Hé¢ truyén dong diéu khién chuong trinh s6 dugc ng dung rong rdi trong san xuat cong

nghiép, nhét 1a cdc mdy gia cong cat got kim loai ty dong, céc trung tam gia cong hodc céc day
truyén san xuat ty dong c6 sy tham gia ctia Robot. Trong hé¢ CNC, mdy cong cu va h¢ diéu khién
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sO tich hop thanh mot thiét bi gia cong c6 kha ning lap trinh qua cdc thao tc trén panel hoac
qua may vi tinh. Truong hop tong quat nhat cta cic loai mdy CNC duoc chi dan trén hinh (1).

Phéan lam viéc

Ban

Pong co

Hinh 1. So @6 truyén dong coc truc ciia moy phay CNC.

Hé thong diéu khién 4 truc cia mdy phay, gom ¢6 3 truc chuyén dong chinh cia ban gi

phdi x, y, z va truc chuyén dong cua dao phay. Truyén dong ciia mdy hién dai déu dung dong co
Servo.

Tir cdc yéu cau cong nghé, chuong trinh diéu khién dugc dua vao CNC qua panel didu
khién, qua may tinh. Tir d6, cdc vi tri va t6c dj cha tryc dao can thiét dé thuc hién viéc gia cong
bién dang yéu ciu s& duoc cic chirc ning cia CNC tinh todn ndi suy. Gi4 tri tinh todn nay s& 1a
tin hiu dat dau vao cho timg truc chuyén dong x, y, z. Trong truong hgp don gian nhat 1a coi
r;‘ing, cac truc nay doc lap véi nhau (chua xét téi tac dong tuong hd nhau cuia céc tryc). Ta c6 so
d6 diéu khién cua timg truc nhu hinh (2). Céc gid tri dét tinh todn nay s& dugc so sdnh vdi gid tri
thyc ctia tin hiéu vi tri va téc do quay phan héi thong qua dau do Encoder, tir gid tri sai 1éch do6

ma bo diéu khién s& dua ra tin hiéu diéu khién, n6 s& duoc khuéch dai qua bd bién dbi cong suat
t6i dong co chap hanh.
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Hinh 2. So @6 diéu khién cua mot truc mdy phay CNC.
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Tir sy phén tich & trén, suy ra so d6 khoi tong hop cdc vong diéu khién cia truc may phay
CNC nhu sau (hinh 3).

5 Bo & Bo Bo
Pa diéu o diéu bién d6i Truyén Ban
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Hinh 3. So d6 khdi tong hop cdc vong diéu khién cua truc may phay CNC.
2.2. Mach diéu khién Servo

bé diéu khién may gia cong, can thiét bién doi xung di€u khién dugc tao ra tir cum di€u
khién thanh tin hi€u cho dong co dan dong cac tryuc. Nhiém vu nay dugc thyc hién nho hai mach,
gom mach di€éu khién Servo va mach phan hoi (hinh 4).

Mach - Mach
CPU Diéu khién secvo *1 Khuéch dai secvo

Déng oo secwvo [THE X |Tue Y | Tiye Z

]
H& th&ng BUS

Mach phdin h6i1
4 §

Encodler

Hinh 4. So @6 khoi mach dié€u khién servo.

- Mach diéu khién Servo gém mach diéu khién vi tri va mach diéu khién téc do.
- Mach phan hoi gém mach ghép nbi va mach bién d6i sb tuong tu (D/A).

Mach di€u khién Servo va mach phan hoi nam trong h¢ thong mach ctia cum dic¢u khién
CNC. Tin hi€u ra cua mach di€u khién Servo thudng c6 cdng suat nho khong da dé diéu khién
truc tiep dong co.

Vi vay, can c¢6 mach khuéch dai Servo, né6 dam bao nhiém vy sau:

- Kbuéch dai tin hi¢u vao (dién dp, dong dién hodc ca dién dp va dong di¢n) dén mirc du
16n dé diéu khién duoc ddng co Servo,

- D& dang thuc hién diéu khién phan hdi ca thong sb vi tri va téc do,

- Bam bao an toan khi xay ra hién tugng dong dién giam do momen dong co giy ra.

Khuéch dai Servo 1a mach dién diing dé tao ra tin hiéu ra ti 18 véi tin hiéu vao. Trong hé
diéu khién CNC dé 1am khuéch dai Servo, thuong ding khuéch dai thuat todn véi hé sb cao va c6
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kha nang phan hdi. Khuéch dai thuat toan cé cAu tric theo mot hodc déng thoi cua ba kiéu
khuéch dai tuyén tinh (linear), tich phan (integrater) va vi phan (differentiator).

3.XAY DUNG SO PO HE THONG PIEU KHIEN SO TOC PQ QUAY HAI TRUC CNC
3.1. Xay dung bai toan

Noi dung: Thiét ké h¢ thong diéu khién s6 toc do hai truc quay doc 1ap, dan dong cho hai
truc cila may gia cong CNC, dap ing yéu cau cong nghé, nham ning cao d6 chinh xéc, nang suat
gia cdng va tu dong hod qua trinh cdng nghé.

Yéu ciu

- C6 hé thong phan hoi, nham 6n dinh cong suit cta dong co trong qua trinh diéu chinh tdc
do,

- Hé thdng c6 bo phén hién thi téc do, dép ing cho viéc diéu chinh qud trinh gia cong,

- Hé théng c6 giao tiép ngudi - mdy linh hoat, gitip ngudi sir dung dé dang can thiép vao
céc chirc ndng cua hé thong.

3.2. So’ d6 khéi diéu khién téc dd quay truc dong co

So dd khdi hé thong diéu khién téc do quay truc dong co dugc xdy dung nhu hinh (5), dan
dong st dung dong co DC Servo ¢6 chéi than vu viét hon ca, do cong sudt va mémen trung binh,
nguon cung cap don gian, kich thudc nhdé gon. Thuat todn dleu khién dong co dugc sir dung 1a
thuét todn PID (Proportion Integral Derivative) tin hiéu dang $6.

Hien thi
(ILEDICD...}
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Hinh 5. So @6 khéi didu khién téc d6 quay truc dong co.
3.3. Ché db giao tiép USB trong Chip PIC

Mot kha nang rat manh cua PIC 1a kha nang giao tlep voi mdy tinh. Déi voi PIC, ngoai
giao tiép cic cong co ban 1a COM, LPT thi mdt s6 dong cap cao cho phép giao tiép USB. Ngay
nay, voi cdc mdy tinh thi viéc cong COM hay LPT gan nhu chi gap trong cdc mdy tinh doi c,
con vdi cdc thé hé méi thi khong con cdc cong nay. Do d6, tat yéu viée sir dung cong USB trd
nén cap thiét.
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Vi Ii do d6, trong dé tai nay sir dung giao tiép USB 1am co s& giao tiép voi mdy tinh va dé
12 IC Master. Do d6, chon dong PIC cap cao nhu 18F4550 va PICI6F877A ¢6 ho trg phan cimg
chuan giao ti€p USB 2.0. Py 1a chuan USB co ban chiém da s0 hién nay.

3.4. Xay dung so' dd khoi hé théng diéu khién s toc dd quay hai truc CNC

Hé théng diéu khién c6 nhiém vu diéu khién va 6n dinh tdc do quay cua hai tryc - dbi tuong
diéu khién, dugc dan dong boi hai dong co DC Servo doc 1ap ciia mdy CNC (hinh 6).

Biét rang, van toc dong co phu thudc vao dién dp hay dong dién ma ta cap cho né. Trong dé
tai nay nghién ctru thiét k& mach bao gdm hai vong diéu khién, vong thtr nhit diéu khién dién 4p
Am phan Ung va vong thir hai diéu khién dién 4p duong dong co DC Servo. V6i dong co da
chon, dién dp dinh mirc cia né la 40V. Tuy nhién viéc cap dién dp cho dong co trong mot
khoang rong tir 0 - 40V 1a khé khan. Do d6, ta didu khién van téc dong co theo do rong xung
PWM (Pulse Width Modulation), ma cu thé & day la %duty cycle.

Vay tin hiéu vao va ra ctia bo diéu khién PID s& la:

- Céng vao: e = van tbe hién tai - van tc thiét lap,

- Cong ra: u = % duty cycle.

PWM 1a mot module m¢ rong cua Chip diéu khién PICI6F877A. N6 ¢6 chirc nang tao ra
mot day xung c6 % duty va tan s6 xdc dinh. Céc gid tri % duty va tan s xung dugc hiéu chinh
bang phin mém.

B diéu khién may CNC bao gom mét khdi xir If trung tim (module Master) va hai khoi xir
Ii phu (module Slave), giao tiép gitra cic kh01 xtt 1i phu voi khéi xur 1i chinh duoc thuc hién
thong qua chuén giao tiép I2C dugc tich hop san trong Chip diéu khién trung tim PIC18F4550.

May tinh
J/Giau tigp USB
Master
PIC 18F4550
Gian tiép 2C ),
Slave 1 Slave 2
PIC 16FE77A PIC 16FE77A [ ]

L

Drriver 2
|

True 1 Servo Truc2 SN
i Motor 1 Motar 2
Encoder 1 Encoder 2

| L]

Hinh 6. So d6 khdi hé théng diéu khién tc do quay hai truc CNC.
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3.5. Mach diéu khién ciia h¢ thong sir dung thuit toan PID
3.5.1. Mach vong 1éc do

Bo diéu khién PID duoc sir dung dé dam bao toc do quay ma khdi xi If trung tdm ra 1énh
cho khéi xtr 1f phu thuc hién:

- Pau vao cta b dicu khién PID la toc do yéu cau cia dong co dan dong, don vi
vong/phiit.

- Tin hiéu hoi tiép: van tc hién thoi, tir s6 xung Encoder doc dugc trong mot chu ki léy
mau 7, doi ra vong/phiit.

- bbi tuong diéu khién: van tde dong co DC Servo.
- Piu ra cua bd PID: gia tri chu ki d0 rong xung (PWM duty) cla dién ap hai dau dong co.

3.5.2. Mach vong dong dién

Trong h¢ thong, vigc dleu khién thong s6 ddp tng mot cach kip thoi, 1a Van dé ludn dit ra
hang dau. Trong diéu khién 6n dinh tdc do dong co mot chiéu, thi viéc gidi quyét bai todn dicu
kh1§:n phan hdi dong dién 1a mot bai toan hay boi tinh phirc tap ciia né va giai thuat cho dicu
khién.

Dé phan hdi dong dién tir mach luc vé mach diéu khién ta c¢6 2 phuong én:

. - Dung dién tré Sun mic ndi tiép véi dong co, dién 4p hai dau dién tro duge dua vé& mach
dicu khién,

- St dung cam bién Hall: Phuong dn ndy rét thich hop cho cédc hé thong s6 ngay nay, voi
nguyén li cam blen Hall, ngudi ta da ché tao ra nhig cam bién do dong dién mét chiéu va xoay
chiéu véi do tuyen tinh kh4 rong (viing tuyén tinh chinh 1 co s¢ dénh gia d chinh xéc ctia cam
bién Hall). So dd khéi cua mach vong dong dién dugc trinh bay trén hinh (7).

Van dé lua chon cam bién Hall phai thod man cic yéu cau sau:
- Dong qua cam bién phai du 16n hon dong dinh murc ciua dong co,

- Péu ra ctia cdm bién phai tuyén tinh trong dai do.

;r Mach Béng
van co

Cam bién dong
ADC dién(dién tro
l Sun,cam bién

khuyéch

Hall)

Hinh 7. So d6 khdi mach vong dong dién.
3.6. Phuwong phap tich hgp hai mach vong dién ap va dong dién

Ve thudt todn diéu khién
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- Thiét ké hé thdng sir dung hai mach vong diéu khién. Trong d6, mach vong dong dién bén
trong va mach vong toc d9 bén ngoai nham muc dich on dinh toc d6 cho hé thong.

- Mach vong tdc do bén ngoai co tac dung phan hdi tée @ do duogc vé b didu khién.
- Mach vong dong dién bén trong c6 tic dung diéu khién khi md men tai hé thong thay doi.
- Chu ki 1ay mau cta vong trong nhanh hon vong ngoai khoang 10 lan.
Vé giao tiép sir dung
- Str dung giao tiép USB 2.0 1am giao tiép v6i mdy tinh.

- Chuén giao tiép I2C 1am giao tiép vdi cdc module trong hé thong.

4. THIET KE VA CHE TAO CAC MACH PIEN TU
4.1. Mach module Master

 Module Master c6 nhiém vu ’diéu khién chinh cho h¢ thdng. Dua trén nén tang chinh 12 giao
tiep USB v6i may tinh va giao tiep I2C véi giao ti€p cho module Slaver. Do d6, ¢ day st dung
Chip PIC 18F4550 (hinh 8a).

4.2. Mach module Slave

- Vi diéu khién PICI6F877A: b xit 1i cia riéng module Slave.

- Céng giao tiép UART dé giao tiép v6i mdy tinh. Cong giao tiép nay dugc s dung khi
mach Slaver dugc chay doc 1ap, khong két noi véi mach Master thi van cé thé két noi truc tiep
v&i may tinh trén mot giao dién khac.

- Cong giao tiép 12C dé giao tiép véi vi diéu khién ctia module Master.

- Cong ndi v6i Encoder dé doc tin hiéu hoi tiép, dé 1ay tin hiéu tir Encoder.

- C6 module cam bién dong dién.

- Truyén tin hiéu téi mach lyc dé diéu khién dong co (hinh 8b).

4.3. Mach vong dong dién

Thuat toan diéu khién ciia mach vong dong dién vé& co ban cling gidng nhu trong mach
vong tdc d6. Str dung thuat todn PID cho mach vong dong dién. Cén chi y rang, téc do bién
thién cta dong dién nhanh, nén tdc d6 ldy mau va xir 1 ciia mach vong nay ciing nhanh (hinh
8¢c).

Hinh 8a. Mach module Master. Hinh 8b. Mach module Slave. Hinh 8c. Mach vong dong dién.
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4.4. Giao dién véi may tinh va két cAu hé thong diéu khién toc do quay CNC

- Giao dién dugc viét bang phin mém Visua Basic (hinh 9).

- Hé théng diéu khién s sir dung (hinh 10):

+ Thuat todn diéu khién Ty 18-Tich phan-Vi phan PID;

+ Vi diéu khién PIC18F4550 va PICI6F877A;

+ Chuén giao tiép 12C (Inter-Intergrated Circuit-Bus) - Chuén giao tiép hién dai, tao diéu
kién mé khi nghién ctru mdy c6 nhiéu truc quay;

+ Cdc bo hién thi thong s diéu khién LCD;

+ Giao dién diéu khién hién thi toan bd céc thong s6 ciia qud trinh diéu khién, thuén tién
trong cong nghé gia cong.

+ Tich hop hai vong fiiéu khién 4m dién ap phﬁq ung va duong dong dién dong co DC
Servo thanh cong, day la di€m méi va co ban nhat cua két qua nghién ctu.

Cic yéu cau ki thuat caa hé thong thiét ké ddp tmg duoc yéu ciu dit ra.

Hinh 10. Hé thong diéu khién toc do
quay hai truc CNC.

Hinh 9. Giao dién diéu khién toc do quay hai truc CNC.

5.XAY DUNG DUONG PAC TINH THU'C NGHIEM PANH GIA CHAT LUQNG CUA
HE THONG DPIEU KHIEN

5.1. Phwong phap xay dung
Céc thong sé danh gia chat luong hé théng diéu khién gdm c6 do qué hiéu chinh; sai léch
tinh va thoi gian qua do.

Trong bai bdo nay trinh bay phuong phdp xay dung duong dic tinh thuc nghiém danh gia
chét luong ciia hé thong diéu khién, tir cdc dit liéu dugc luu trit trén mdy tinh nhu sau:

Buoc 1
- Master giri 1énh xubng céc Slaver, dé cic Slaver bt du lay dit liéu.

- Dit li€u duogc lay 1a toc d¢ cua moi dong co, ma moi Slaver quan 1{ tai moi chu ki cua
Chip Slaver xur 1.

- Dit liéu dugc chuan vé 8 bir dé dé cho luu giir.
- Dit liéu duoc luu vao viung nh¢ (tinh) EEPROM cua Chip.
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- Dit ligu dugc 14y lién tuc trong cdc chu ki lién nhau. Khi d6 luu hét bd nhé EEPROM, thtt
tu dong ket thic.

Buwoc 2
Sau khi cﬂhay xong, Master gui 1€nh hién thi dit liéu trén LCD, luu cac dit liéu nay, roi nhép
vao EXCEL de¢ v€ do thi.
5.2. Cac dwong dic tinh thyce nghiém
5.2.1. Truong hop hé thong chay khong tii dao dong 6n dinh & ving toc do thap

Tién hanh diéu khién hé thdng trong truong hop khong tai, thdy rang & ving toc do dong co
c6 gid tri thip do thi c6 bién d6 dao dong 6n dinh. Khi sir dung hé thong véi ca hai vong diéu
khién bién d9 it dao dong hon so vai sir dung mot vong.
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600 i 1 1 s 1 600
o LA I AL R oo LA AAAAR R A L Ag i h AR
L VNIV Y VY VWWWW \]
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400 + 1| 400

300 300

200
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1 11 21 31 41 51 61 71 81 91 101 111121 1 11 21 31 41 51 61 71 81 91 101 111 121

Hinh 4.12a. Hé thong chay 1 vong Hinh 4.12b. H¢ thong chay 2 vong
khong tai. khong tai.

5.2.2. Truwong hop dang chay on dinh, tang tdi cho hé thong

Tién hanh diéu khlen hé thong trong truong hop téc d6 dong co dang 6n dinh, rdi tang tai ¢
téc d6 800 v/ph, thiy rang téc do dong co giam xu6ng, sau mot khoang thoi gian hé thong 6n
dinh. Khi sir dung hé thong véi ca hai vong diéu khién thoi gian ting tai va on dinh nhanh hon
so voi sir dung mot vong.
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Hinh 4.12¢. Hé théng chay 1 vong, Hinh 4.12d. Hg thong chay 2 vong,
ting tai & tde dd 800 v/ph. ting tai & toc do 800 v/ph.
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6. PANH GIA KET QUA NGHIEN CUU

Trong bai bdo nay trinh bay két qua vé nghién ciru, thiét ké va ché tao thanh cong lan dau
tién mo hinh module hé théng didu khién sb theo phuong phdp tich hop hai vong diéu khién 4m
dién ap phan ng va duong dong dién dong co DC Servo, dugce tich hop trong cic mdy gia cong
diéu khién $6 CNC, dé ty dong héa qua trinh didu chinh ché d6 cong nghé, nang cao cht lugng
vA ning suit gia cong.
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ABSTRACT

RESEARCH AND DEVELOPMENT OF DIGITAL CONTROLLERS SYSTEM FOR CNC
ROTATIONAL SPEED BASE ON INTEGRATION OF THE TWO CONTROL LOOPS

Nguyen Trong Hung!, Nguyen Van Vo?, Phan Van Binh?

"Hung Yen University of Technology and Education

’Hanoi University of Science and Technology
“Email: nthung.utehy @ gmail.com

This paper presents the results of the research and development of digital controllers system
for CNC rotational speed based on integration of the two control loops, control negative voltage
and positive current of DC Servo motor using the PID algorithm and the PIC 18F4550, PIC
16F877A microcontroller. The controller’s program for two spindle speed is transmitted from
the computer by USB communication to Master and Slave circus. This system ensures stably
speed adjustment by changing load on material’s cutting process on CNC machines.

The research results have made it possible to complete the controllers’ design systems as
industrial model, to built-in CNC machining.

Keywords: digital controllers system for CNC, DC Servo motor, use PID algorithm and the PIC
18F4550, PIC 16F877A microcontroller.
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