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PIEU KHIEN NHIET PO LO NHIET UNG DUNG GIAI THUAT PID SO
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Tém tit
Lo nhiét la mo hinh phi tuyén. Pdc trung ciia 1o nhiét la khau quan tinh nhiét. Lo nhi¢t dat 101
nhiét d¢ can cung cdp, mat thoi gian kha dai. Hién nay, da co rat nhiéu thudt todn cé thé dap dung dé
diéu khlen hé thong 1o nhiét nay, dién hinh la thudt todn PID. C6 cdc phirong phdp tiéu biéu dé tim
théng s6 PID nhu phuong phap Ziegler-Nichols thir nhdt va thir hai. Ngodi ra, con phdn biét gia
PID Ilen tuc va PID sé (roi rac). O bai bdo ndy, nhém tdc gia nghién ciru phwong phdp diéu khién
PID s6 tai Phong nghién ciru Sw pham ky thudt Ho Chi Minh. Gidi thudt ¢é hiéu qua théng qua mé

phong bang phan ‘mé‘m Matlab/Simulink va thwc nghiém trén mo hinh thuc. )
Tur khoa: Diéu khién PID, phwong phap Ziegler-Nichols, lo nhiét, PID lién tuc, PID so.

1. Giéi thi¢u ‘

Qué trinh gia nhiét 13 quéa trinh phd bién
dugc ung dung rong réi trong cong nghiép nhu
thuc pham, san xuit va noéng nghiép. Sudi am
thich hop trong qué trinh san xudt san pham dé
dam bao chit luong va kéo dai tudi tho. Piéu
khién PID duoc biét dén nhu mét diéu khién don
gian va manh mé& duoc Gmg dung diéu khién qua
trinh gia nhiét nay. Theo thong ké c6 hon 97%
bo diéu khién trong cong nghiép la cung loai vdi
bd dléu khién PID [1]. Diéu chinh dung cac
thong so diéu khién s& dam bao téi wu hiéu suat
trén pham vi hoat dong da dugc chi dinh. Mot )
phuong phap ndi bat 1a phuong phép Ziegler-
Nichols thir nhat va thi hai, PID lién tuc, va PID
sO (PID roi rac)... Mot sb k¥ thuat diéu khién
PID nbi tiéng duoc tim thiy trong [1], [2].

O bai bao nay, nhom tac gia s& dé cap dén
phuong phéap diéu khién PID s6 (PID roi rac) dé
diéu khién nhi¢t do 10 nhigt. Dau tién, ham
truyén roi rac duge thiét ké cho hé thong. Tiép
theo, mé phong ham truyén thiét ké dwoc bang
phan mém Matlab/Simulink dé tim ra quy luat
thay d6i ciia hé thong. Tir do, ap dung vao thyc
nghiém tim ra dugc bd thong so didu khién t6t
nhat cho hé thong

2. N§i dung

2.1. M6 hinh toan hoc

So d6 mo ta hé thong:

©) Sinh vién, Truong Pai hoc Su pham K§ thudt Thanh phd
Hb Chi Minh.

™ Truong Pai hoc Sw pham Ky thuat Thanh phé H
Chi Minh.
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Hinh 1. So' 6 mé ta hé thong
PID 14 b6 diéu khién vi tich phan ti 1& v&i ba
khau lan lugt 1a: khau ti 1& Kp, khau tich phan
Ki, khau vi phan Kd.
Ham truyén cua hé thong [3]:

GPID(Z):U(Z) _Kd+ Ki.T z+1+K_dz—1 1)
E(2) 2 z-1 T z
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=[[2Tz(z-1)]Kp + TzKiT (z+1) + Kd(z-D)[2(z—D]]IE(2)
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=[(2TKd +KiT? + 2Kd ) 2° + (T°Ki- 4Kd— 2TKp) z+ 2Kd] E(2)

bat: A=2T
AZ°U (2) - AzU(2) = o[Z*E@2)] + SIZE(2)]+ 7E(2) (5)
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Chu giai: . i

u(k) 1a tin hi¢u diéu khién thoi
hién tai;

e(k) 1a sai 36 & thoi diém hién tai;

e(k-1) la sai s0 tru6e d6 1 mau;

e(k-2) 1a sai s0 trudc d6 2 mau;

a =2TKp + KiT? + 2Kd;

S =T?Ki—4Kd - 2TKp;

y =2Kd;

diém



TRUONG DAI HOC DPONG THAP

Tap chi Khoa hoc s6 35 (12-2018)

A=2T,

T 12 thoi gian 14y mau.

2.2. M6 phéng

2.2.1. Xay dung ham truyén mé phong
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Hinh 4. Khéi h¢ thong

Ta xac dinh ham truyén gan dung cua 10
nhiét 1a [3]:
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Tin hiéu ra gan dtng 12 ham:
c(t) =f(t—T1). (11)
trong do :
Y
f(t) =K@-e" 7). (12)
Bién ddi Laplace ta duoc:
K
F(§)=———. 13
©) S(1+T,9) (13)

Do vay, khi 4p dung dinh 1y cham tré,
ta duoc:
Ke—Tls

C(s) = S(TTZS) (14)

Suy ra ham truyén cua 10 nhiét la:

-Tis

G(s)= e "
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2.2.2. Két qua mé phong

Sau khi, mé phong hé thong trén phan mém
Matlab Simulink dé tim ra cac bo théng s6 diéu
khién. Ta nhan thay khi diéu khién chi c6 khau ti
1¢ Kp (diéu khién P) thi h¢ théng van hoat dong
t6t, nhung ton tai sai s6 xac lap. Khi Kp cang
nho thi sai sé xac lap cang 16n. Két qua mo
phong Kd duoc mé ta ¢ Hinh 5. Sau khi diéu
khién P, néu diéu khién thém khau tich phan Ki
(diéu khién PI) thi hé thong dugc cai thién va da
triét tiéu di sai sO xac lap. Nhung néu, Ki ting
cao thi hé thong s& vot 16 rat 1on. Béi vi, Ki la
gia tri tich phén nén chi can thay d6i nho thi da
6 tac dong rat 16n vao hé thong Viy, hé thong
hoan thién thi Ki s& ton tai v&i gia tri rit nho. Két
qua md phong Kp va Ki dugc mé ta ¢ Hinh 6.
Sau khi diéu khién PI, néu diéu khién c6 thém
khau vi phan Kd (diéu khién PID) thi hé thong
van hoat dong on dinh, khong bién d6i nhiéu khi
Kd & nhiéu gia tri khac nhau. Vay h¢ thong hoat
dong t6t khi str dung bo diéu khién tich phan ti 18
(diéu khién PI) va khong can c6 thém khau vi
phan Kd. Két qua mo phong khi co thém khau
Kd dugc mo ta ¢ Hinh 7.

Thay doi Kp

(15)
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Hinh 5. Pap ing hé thong khi thay déi Kp

Thay doi Ki

il f R —Ki=0.0008; Kp=3 | |
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Hinh 6. Pap wng h¢ thong khi thay doi Ki
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Hinh 7. Pap g hé thong khi thay déi Kd

2.3. M6 hinh thue

2.3.1. Phan cimg

Mo hinh 16 nhiét trong bai bao gébm 1 hop
mica va cac khép ndi duoc in 3D dé lap rap. Bén
trong 10, mot 16p cach nhiét dugc dat dé gitr nhiét
va cam bién nhiét 6 LM35 dit bén trong dé do
nhiét d6 cua 16 nhiét. Mo hinh 16 nhiét thuc té
nhu Hinh 8 va Hinh 9.

1485 14925

Hinh 9. Bén trong 16 nhiét
Mach khéch dai dé xur i tin hiéu nhidm ting
do phan giai dién ap duogc thé hién ¢ Hinh 10.

R, Ry

"Hinh 10. Mach khuéch dai
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Sau d6, vi diéu khién s& doc tin hi¢u tir chan
Vout ciia mach khéch dai va xu li cho ra tin hiéu
phtt hop dé kich chan G cua triac 1am cho dén
sang. Su thay ddi ciia goc kich a quyét dinh
cong sudt mé cua triac. Khi goc kich a thay déi
thi dién ap dau ra cua triac ciing sé thay d6i. Goc
kich @ =0 cong suat dat 100% triac md hoan
toan, goc a luc cong suat dat 50% triac m& mot
nira, goc o luc cong suit dat 0% triac ngung
dan. Tac gia diéu khién duge goc kich a khi tim
duoc diém 0, tac 1a diém giao nhau giita chu ky
am va chu ky duong cua dién ap xoay chiéu. Qua
trinh dugc biéu thi & Hinh 11 [4].
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Hinh 11. Chu ky hoat dong dién ap xoay chiéu
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Hinh 12. Mach phat hién diém 0

Dua trén nguyén li hoat dong ctua dién ap
xoay chiéu, mach phat hién diém 0 duoc thiét ké
nhu Hinh 12 [5]. Khi cdp dién ap xoay chiéu
220V qua cau diode, ta thu duge dién ap voi ban
ky duong dao dong véi tan sb £= 50 Hz, tirc chu
ky dao dong T = 0,02 s =20 ms. Vay nua chu ky
dao dong la T, =T/2= =10 ms. Dong dién qua
cau diode t6i diode zener c6 v,-47v. Khi
Virigee <V, thi dién ap chay qua dién tr¢ 470 Q.
Luc nay, diode zener dan thuan va duoc xem
nhu mot diode ban dan binh thuong. Khi thi

diode zenner dan nghi’ch va dugc xem nhu mot
nguon 4,7 V cung cap dién ap cho led trong
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opto PC817 phat sang kich dan chan 3 va 4 véi
nhau. Sau do, chan tin hi¢u két ndi voi vi diéu
khién duoc ndi xudng mass. Dua vao diém nay,
ta sir dung ngét ngoai cta vi diéu khién dé nhan
biét tin hiéu déng bo cua dién ap xoay chiéu,
tinh géc mé cua triac. Ta chi diéu khién thoi
gian trong khoang thoi gian tr 1 ms t61 9 ms. Vi
dién ap can co khoang thoi gian tré dé ting 1én
5V vagiamvé 5 V.
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Hinh 13. Quan h¢ géc mé triac va thoi gian
Trong do:

t; twong tng véi géc md cua triac;

t, thoi gian xung kich ctia chan G dé kich dan;

t; khoang thoi gian ma dong dién déng ngit
trong nua chu ky.

Mach cong suit kich goc mo triac duoc
thiét ké nhu Hinh 14 [5]. Khi c6 tin hiéu dién ap
tir vi diéu khién phat hién dugc diém 0 thi led
ctia moc 3023 s& phat quang va kich dan chan 4
chan 6 vi thé s& c6 dién ap kich chan G cua triac
dé dén sang [4].
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Hinh 14. Mach kich géc mé triac

2.3.2 Két qua thiee nghiém

Két qua thuc tir mo hinh 10 nhiét thuc té
cho thiy: véi thoi gian ldy mau T=1,5 s thi hé
théng dap ung tot, gidng nhu gia thuyét va két
qua moé phong c6 dugc ban dau. Khi chi diéu
khién bang khau ti 1¢ Kp (diéu khién P) thi hé
théng van hoat dong t6t nhung chwa hoan thién

va hiéu qua. Hé théng ton tai sai sd xac 1ap. Khi
gia tri Kp cang nho thi sai sé xac 1ap cang 16n.
Gia tri Kp cang cao thi sai s6 xac 1ap duoc thu
hep nhung hé thdng s& cang mat on dinh. Két
qua duoc biéu thi thong qua do thi biéu dién &
Hinh 15. Sau khi thém khau tich phan Ki (diéu
khién PI) thi hé thdng hoat dong tot hon. Sai s
xac lap duoc cai thién. Nhung khi gia tri Ki 16n
thi hé thong xuat hién vot 16. Con khi Ki c6 gia
tri qua nho gan bang 0 thi hé théng hoat dong
giéng nhu khi chi c¢6 didu khién ty 1& (diéu
khién P) nén co6 sai s6 xac l1ap. Ta tim duogc bd
diéu khién PI t6t nhat 1a Kp = 2; Ki = 0,02. Két
qua dugc biéu thi ¢ d6 thi Hinh 16. Khi bo diéu
khién c6 thém khau vi phan Kd (diéu khién
PID) cho thay khau vi phan Kd c6 tac dong nho
khong anh huong 1én hé thong. Khi c6 thém
khau Kd thi do dao dong quanh muc nhi¢t do
dit cua hé thong cang cao. Két qua biéu thi &
Hinh 17. Vi vay, h¢ théng hoat dong tot nhat
khi diéu khién bang bo diéu khién PI ma khong
can t&i khau vi phan Kd (diéu khién PID).

3. Két luan

Nghién ctru cho théy, 16 nhi€t hoat dong tbt
voi gidi thuat diéu khién PID sb. Ta thdy rang két
qua gan glong voi két qua md phong. Do khl
thyc hién 10 nhiét thyuc té con anh huodng cac yeu
t6 phu nhu moéi truong, sai sé cua thiét bi... nén
két qua khao sat & mo phong va thuc nghlcm
khong hoan toan giéng nhau. Viéc mé phong chi
mang tinh chat tham khao dé ap dung cho viéc
tim kiém bo thong s6 thuc té nhanh va hiéu qua
hon. Lo nhiét hoat dong tt nhat khi dung bo
diéu khién tich phan ti 1& PI voi gia tri Kp =2 va
Ki = 0,02. Thoi gian iy mau T=1,5 s va nhiét d¢
dat ban dau 1a 50°C. Hé thong dap ng nhanh it
vot 16, d6 6n dinh cao va sai sd xac 1ap khong
dang ké.
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Hinh 15. Pap trng hé thong khi thay déi Kd
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CONTROLLING TEMPERATURE OF THERMAL FURNACE SYSTEM
BY USING DISCRETE PID

Summary

Thermal furnace is nonlinear models and characterized by thermal inertia. It normally takes quite
a long time for the furnace to reach required temperature. At present, there have been many
algorithms applied to control the thermal furnace system, typically the PID one. Also, such typical
methods as the first and second Ziegler-Nichols are applied to find out PID parameters. In addition,
there is a distinction between continuous PID and digital (discrete) one. This paper studied the PID
control method in the Study Room of Ho Chi Minh Technical Teachers Education. The algorithm is
effective through simulations using Matlab/Simulink software and empirical modeling.

Keywords: PID control, Ziegler-Nichols method, thermal furnace , PID continuous, PID digital.
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