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ABSTRACT: This paper describes a method of temperature controller. After employment history
at the Nec/Tokin company, So The realities of production that research group was perform a
contract “The Temperature Controller with 4 channels and 3 modes” in order to reduce company’s
investing and to enhance of use. The system response has stable and no overshoot.

Keywords: Temperature controller, ON/OFF method, PID, FUZZY, Ziegler-Nichols tuning
method.

TOM TAT: Bai bio nay mo ta mot phuong phap diéu khién nhiét 6. Qua qua trinh 1am viéc tai
cong ty Nec/Tokin, Tir nhu cau thuc té san xuit, nhom nghién ctru di dugc thuc hién dé tai "Bo
diéu khién nhiét d6 véi 4 kénh va 3 ché do" dé 1am giam chi phi dau tu cta cong ty va ting hiéu qua
str dung. Bo diéu khién da hoat dong 6n dinh va khong gay vot 10.

Tir khoa: B§ diéu khién nhiét do, Phuong phap / OFF, PID, Phuong phap FUZZY, Phuong phép
diéu chinh Ziegler-Nichols.

I. GIOI THIEU

Tir nhu cau san xut cua cong ty Nec/Tokin, ching t6i da thuc hién "BQ PIEU KHIEN NHIET DO
4 KENH, 3 CHE PQ” dé giam chi phi va ting hiéu qua sir dung. Giai phap nay co thé tng dung
dugc v6i gia thanh ré, dé thi cong, va hiéu qua cao. Trong giai doan dau da thyc hién thanh cong 2
phuong phap ON/OFF, PID va dua vao tng dung tai cong ty. Noi tiép két qua nghién ctru trén,
trong bai bao nay sé tiép tuc thuc hién phuong phap FUZZY.

Pau do nhiét do
Thermocouple loai K

Déi twong diéu khién 1a mo hinh 16 nhiét.

bién trd nhiét
deé nung lo

Hinh 1: M6 hinh 16 sdy can diéu khién

II. PHUONG PHAP THUC HIEN
2.1. Nguyén ly hoat dong:

Thermocouple loai K bién d6i thong s6 nhiét thanh dai lwong dién sau d6 dua vao mach ché bién tin
hiéu (gém: bo cam bién, hé thong khuéch dai, xir ly tin hiéu). BO chuyén ddi tin hi¢u s6 ADC
(Analog Digital Converter) l1am nhiém vu chuyén dbi tin hiéu twong tu sang tin hi¢u sO va két ndi
v6i khéi xir Iy trung tdm. Khdi ndy c6 nhiém vu thuc hién nhitng phép tinh va xuit ra nhitng 1énh
trén co s trinh ty nhimg 1énh chap hanh da duoc 1ap trinh trude d6. Khdi giao tiép may tinh ding
Max232 dé truyén nhén dit liéu tir may tinh va c6 thé diéu khién cai dit théng sé qua giao dién may
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tinh. Khéi cong suat ding SSR (Solid State Relay) dé cung cip ning lugng nung dién tr¢ nhiét dbt
16. Khoi hién thi dung LCD 20x4 dé thong bao nhiét do dat, nhiét do do va ché d6 dicu khién.

Khéi Hién Khdi Cong
Thi Suat
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Hinh 5: So D6 Khoi Chi Tiét Ciia Hé Thong

2.2. So d6 mach thuyec té:
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Hinh 6: So' d6 nguyén Iy mach do nhiét dg ding AD 595

AD 595 1a mét IC chuyén dung dé khuéqh dai cho Thermocouple loai K cho ngd ra tuyén tinh
10mv/0§3. Tin hiéu nhiét d6 duoc do qua dau do nhiét (Thermocouple loai K) sau do duoc dua vao
IC khuéch dai AD 595, tin hi¢u tir b khuéch dai sau d6 dugc dua vao ngd vao bo chuyén déi ADC.
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Hinh 7: So d6 nguyén Iy mach diéu khién
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Tin hiéu thu duogc tir dau do s& qua mach khuéch dai, sau d6 vao chan ADC cua Vi Diéu

Khién ATMEGA32. Tai day tin hi¢u nay s& dugc xur 1y (bang chwong trinh di duoc lap trinh
va nap vao trudc do) dé dua ra nhiét do hién tai. Tl nhiét do hién tai vi diéu khién sé& tinh
toan va xuét ra tin hiéu diéu khién dua vao nhitng phuong thirc diéu khién duoc chon lua
nhu ON/OFF, PID hay FUZZY. Tin hiéu nay duoc dua dén khdi cong suat gdbm bdo OPTO
PC817. Khi nhiét d6 do nho hon nhiét d6 dat OPTO dan dién lam kich bd SSR (Solid State
Relays — Relay ban dan) va s& cap ngudn dé nung dién tré nhiét bén trong 10.

= Nhiét do ciia 10 cling nhu phuong thic diéu khién s& dugc cai dat thong qua khdi ban phim
giao tiép nguoi dung. Khoi LCD dung dé hién thi tat ca nhitng thong so cai dat va thong so

diéu khién.

2.3. Cac Phwong Phap Piéu Khién:
2.3.1. Phwong Phap ON/OFF

- La phuong phap diéu khién don gian d& thiét ké va gia thanh ré, nhung diéu khién s& bi dao dong
quanh nhiét d¢ dat chir khong on dinh. Phuong phap nay thuong dung trong nhiing doi tuong cho
phép khoang nhiét rong. (Chi tiét tai TLTK [1], [2])
2.3.2. Phwong Phap PID
- Hé théng diéq khién vong kin 1a hé théng s€ xac dinh sai khac gitra trang thai mong mudn va trang
thai thuc (sai s0) va tao ra 1€nh diéu khién dé loai bd sai s0. Picu khién PID thuc hién ba cach phat
hién va hi€u chinh sai s0 nay.
- H¢ théng diéu khién co thé s (}ung P, PI, PD, hodc PID dé hiéu chinh sai s6. Nhin chung, van dé
o day la “hi¢u chinh” hé thong bang cach lya chon nhiing gid tri thich hop trong ba cach néu trén.



Phuong trinh trong mién thoi gian : [6]

y(t) = KP.e(t)+KI.Ie(t)-dt " KD% +y0
0

Ham truyén: G(s) = KP + Kl/s + KD.s

2.3.2. Phwong Phap FUZZY

- Trong linh vyc tu dong hoa, viée diéu khién cac ddi tuong nhu nhiét do, ap suét, luu luong,

d6 am, van tdc, gia tdc... ludn 1a mot bai toan kho vi tinh chét phi tuyen clia cac dbi tuong nay.
Phuong phap diéu khién md, Fuzzy Logic, dua ra cach thire diéu khién dua trén céc luat phat biéu
gan v6i suy nghi cta con nguoi thay vi dua trén cac phuong trinh toan hoc phuc tap. [3]
Co thé noi trong linh vuc diéu khién, bd PID duogc xem nhu mét giai phap da nang cho cac ung
dung diéu khién Analog ciing nhu Digital. Viéc thiét ké bo PID kinh dién thuong dya trén phuong
phap Zeigler-Nichols, Offerein, Reinish ... Ngay nay nguoi ta thuong dung k¥ thuat hiéu chinh PID
mém (dya trén pham mém), day chinh 13 co so cua thiét ké PID mo hay PID thich nghi. [5]

Mét bd diéu khién mo gom 3 Khéu co ban:
+ Khau mo hoa
+ Thyc hién luat hop thanh
+ Khau gidi mo

So do diéu khién sir dung PID mo : [4]

» BO CHINH
de | ¥
dt THIET BI
CHINH PINH
v v v

X e u - y
> ?_ >l BPK PID POI TUONG

Mo hinh Toan cia bg PID mo:

u(t) = Kee(t) + K j e(x)dx+ K, de(t)

GP|D(S) = KP +ﬁ+ KDS
S



2.4. Luu do thuat giai:
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Hinh 8: Luu d6 thudt gidi ON/OFF
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Hinh 10: So d6 diéu khién FUZZY
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Hinh 9: Luu d6 thudt gidi PID



I1l. KET QUA THU'C HIEN
3.1. N¢i dung da thuc hién

Thiét ké va thi cong hoan chinh phén mach do nhiét do, mach diéu khién va mach giao tiép
may tinh.

Lap trinh giao dién cho b diéu khién, va cac phuong phap diéu khién nhiét do, phuong thic
giao tiép may tinh qua cong nbi tiép.

Chay thir va can chinh thanh cong thong sb dap Gmg cua 10.

B6 sung thém chirc ning cho phép bu sai s6 nhiét.

Bo sung thém chirc ning bao qué nhiét.

32.Kétqua ,
3.2.1. Két qua dieu khien ON/OFF va dap wng thuec té cia lo

Ving nhiét do thay ddi nim trong khoang sai s6 cho phép 1a +5° (nhung phai chon dung do
troi nhi¢t va nhap vao hé théng).

Han ché 1a & mdi tim nhiét do dat co do du trit tréi nhiét khac nhau can phai xac dinh chinh
xac dé giam dg tr6i nhiét.

Chép nhan duoc cho nhitng san pham khong yéu cau nhiét do qua chinh xac.

Bang két qua thir nghiém phwong phap ON/OFF

60 T%=10 80 T%=15 100 T%=10 150 T%=4
Thaoi gian 8 minute 8 minute 10 minute 13 minute
dat
Do vot 16 5 6 3 4
Thoi gian None None none none
on dinh
Sai s0 nhiét +-5 +-5 +-5 +-5

COM SETTING:

Do thi dap ung cua lo
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0 e
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Hinh 11: D6 thi thu dwoc ddp iing ciia 16 véi phwong phdp ON/OFF 150°

Tir dap tmg trén hinh 11 ta nhéan thiy:

3.2.2.

Nhiét do khong on dinh ¢ nhiét d6 dat ma dao dong quanh diém dat, tuy nhién vin nam
trong vung sai so cho phép.

Két qua diéu khién PID va dap wng thuc té caa 1o

Giam d¢ vot 16 bang cach giam Kd, tuy nhién ting Kd ciing lam rat ngan time d4p tng.

Tur cach tim thong s6 PID theo ly thuyet ing dung vao diéu khién 1o ta thu dugc cac thong
sO nhu sau:



Biang két qua thir nghiém phwong phap PID

60 Tck=1 80 Tck=1 100 Tck=1 150 Tck=1
Kp=400 Kp=400 Ki=80 Kp=400 Ki=80 Kp=400 Ki=80
Ki=80 Kd=42 Kd=42 Kd=44
Kd=42
Thoi gian 7 minute 12 minute 14 minute 25 minute
dat
D) vot 16 5 5 2 1
Thoi gian 6n | 12 minute 10 minute 8 minute 7 minute
dinh
Sai s0 nhiét +-2 +-2 +-2 +-1

COM SETTING:

com JCOMT

BaUD: (9500 -

Exit

Time: 1409
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Do thi dap ung cualo
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Hinh 12: Do thi thu dwoc dwa vao dap ung cua lo o nhiét do 150°

Tu dap Gng trén hinh 12 ta thay:
= Vi thong so nhu trén d6 vot 16 gan nhu khong c6 va thoi gian tang truong chap nhan dugc..
=  Pap tng tot néu thong s6 PID hop 1y D6 vot 16 ¢6 thé khdng ché dén mirc thap nhét bang
cach giam thong s6 Kd.
= (C6 thé thay d6i thoi gian ting trudng cua hé bang cach diéu chinh Kp.
» Hé nhanh 6n dinh sau thoi gian xac 1ap.

3.2.3. Két qué qua trinh nghién ciru thujt gidi FUZZY:
Bang ket qua thir nghiém phwong phap FUZZY

60 Tck=1 100 Tck=1 150 Tck=1
Thoi gian 8 minute 14 minute 18 minute 38 minute
dat
Do Vot 16 4 3 2 1
Thoi gian on | 8 minute 8 minute 7 minute 5 minute
dinh
Sai s0 nhiét +-0.2 +-0.2 +-0.1 +-0.1
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~COM SETTING: — Do thi dap ung cualo
250
COM: ICDM'I vI
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Hinh 13: D6 thi thu dwoc dira vao déap g ciia 1o ¢ nhiét d¢ 100°

= Tu dap Gng trén hinh 13, ta thdy v6i phuong phap FUZZY tuy thoi gian dap (mg cham hon
nhung do vot 16 gan nhu khong co.

IV. MOQT SO HINH ANH THUC HIEN
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