ISSN: 1859-2171 TNU Journal of Science and Technology 195(02): 47 - 53

THIET KE HE THONG BIEU KHIEN VA GIAM SAT LO PIEN TRO
TREN CO SO HE MO VA PLC S7 300

Nguyén Thanh Tung, Hoang Vin Thuc’, Pao Thi Phugng, Pham Xuén Kién
Truong Pai hoc Cong nghé thong tin va truyén thong - PH Thai Nguyén

TOM TAT
Trong nhiéu linh vuc kinh té, van d& do va kiém soat nhiét do 1a mot qua trlnh khong thé thiéu
dugc, nhat 1a trong cong nghiép. Viéc do nhiét do trong cong nghiép luon gin lién véi quy trinh
cong nghe san xuat va né quyét dinh rat nhidu dén chét luong cua san phim. Tuy theo tinh chit,
yéu cau cua qua trinh ma n6 doi hoi cac phuong phap diéu khién thich hop.
Bai bao nghién ciru va thiét ké h¢ thong diéu khién giam sat 10 dién tro trén co s& hé mo ing dung
ky thuat méi duge phat trién rit manh mé va da dem lai nhiéu thanh tyu bat ngo trong linh vuc
diéu khién, d6 1a diéu khlen mo. Uu diém co ban ciia diéu khién mo so voi cac phuong phap diéu
khién kinh dién 1a c6 thé tong hop dugc bo diéu khién ma khong can blet trude dic tinh cua d6i
tugng mot cach chinh xac. Trong thuc té dé phat huy hét uu diém cua mdi loai bd diéu khién mo
va bo diéu khién 16 (kinh dién), nguoi ta thudng dung cac hé két hop giira hai loai b diéu khién
truyén thong va diéu khién md v6i nhau tao ra bo diéu khién mo lai.
Tir khéa: Bé diéu khién mo lai, PID, Lo dién tré, Piéu khién 1o dién tré trén hé mo, BY diéu khién
kinh dién, Hé thong diéu khién hoi tiép, diéu khién tudn tw
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ABSTRACT

In many areas of economics, temperature measurement and control is an indispensable process,
especially in industry. Industrial temperature measurement is always associated with the
production technology process and it determines a lot about the quality of the product. Depending
on the nature and requirements of the process, it requires appropriate control methods.

The article researches and designs the control system to monitor the resistance furnace on the basis
of fuzzy application of new techniques developed very strongly and has brought many unexpected
achievements in the field of control, which is what blur control. The basic advantage of fuzzy
control over classic control methods is that it is possible to synthesize the controller without
knowing the characteristics of the object correctly. In fact, to bring into full play the advantages of
each fuzzy controller and the clear controller (canonical), it is often used to combine the two types
of traditional controllers and fuzzy controls together to create fuzzy hybrid controller.
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GIOI THIEU

Bai bao s& gidi thidu vé bo diéu khién dbi
tuong nhiét trén co s¢ hé mo va PCL S7 300.
Dé phat huy hét uu diém cua mdi loai by dicu
khién md va bo diéu khién kinh dién, thuong
ding cac hé két hop gitra hai loai bo diéu khién
truyén thong va diéu khién mo véi nhau, do vy
ta c6 cac hé diéu khién mo lai. [1]

B¢ diéu khién ma trong qua trinh lam viéc c6
kha ning tu chinh dinh thong sé ciia né cho
phu hop voi su thay doi coa doi tugng duogc
goi 12 bo diéu khién thich nghi. Phan 16n cac
hé théng diéu khién mo lai 1a hé thich nghi,
nhung khong phai moi hé lai 1a hé thich nghi.
Uu diém co ban cia diéu khién mo trong d6i
tugng nhiét so voi cac phuwong phap didu
khién kinh dién 1a c6 thé téng hop dugc bd
diéu khién ma khéng can biét truéc dic tinh
ctia d6i trong mot cach chinh xéc. Trong thuc
té dé phat huy hét wu diém cia mdi loai bd
diéu khién mo va bo diéu khién 16 (kinh
dién), nguoi ta thuong dung cac hé két hop
glua hai loai bd diéu khién truyén thong va
diéu khién mo véi nhau tao ra bo diéu khién
mo lai.

CAC PHUONG PHAP THIET KE BO BIEU
KHIEN CHO BOI TUONG NHIET [2]

B§ diéu khién PID

Trong cac hé thdng didu khién tuy theo yéu
cau chat luong ctia hé va tinh phirc tap khi thiét
ké cac thanh phan ma ngudi thiét ké c6 thé sir
dung khau diéu khién P, PI hay PID. Trong cac
su két hop d6 thi khau diéu khién PID 1a hoan
hao nhét cho cac hé thong diéu khién.

CAu trac hé théng diéu khién:

u(t)

™ K

P

psi | YU

A 4

1
eyt Tugng
T I(( )d

1

de(t) |
dt

‘[vh

B¢ dicu khién PID c6 tin hiéu diéu khién lién
tuc trén mién thoi gian nhu sau:

u(t) =K, (e(t)+T, W 1 = [e(t)dt)
! (1.1)
Ham truyén trén mién Laplace:
GPlD(s):@z KP(1+i+TDs)= Kp+ﬁ+ Kps
E(s) TS (1.2)

Két qua nhan dang hé thong ta co ham truyén 16
dién tr6 2,5 KVA
4,54  -ass

G =i ——
1500s +1 (1.3)
T=1500; L=45;K =454 (1.4)
Trong do:
K: Hé s6 khuéch dai cua ddi tuong 16 nhiét.
L: Hang sb thoi gian tré (thoi gian khong
nhay cua 10 nhiét).
T: Hang s6 thoi gian quan tinh nhiét cua 10.
Phwong phap Ziegler Nichols.[1]
Bang thiét ké theo Ziegler Nichols 2

Luidt diéu khién Kp T; Tp
Ludt P T
XL
Luat PI OBL 3330
KL
Luat PID R T 2L 035L
XL
Bo diéu khién PID cho 10 dién tro:
R(s) = K (1+T1 +T.s) =K, +
S
KI
—L +Kp.s (1.5)
S
K,=12 T =12 100 =8,81057
K.L 4,54.45 (1.6)
T,=0,5L=0,545=22,5 17)
T, =2L=245=90 (18)

Heé s6 twong trng voi hé s6 khuéch dai ty 1€:

=Ko _ 8’81857 —0,09789

T, 9 (1.9)
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180051

Transfer Fen Transport
Delay

Step PID Controlle

To Workspace
Hinh 1. So do simulink hé thang khi si dung thudt
toan PID cua Ziegler-Nichols 1

) b
ab as@Oass Qa5 ~

Hinh 2. Ddp ung cia hé thong khi sir dung thugt
toan PID cua Ziegler-Nichols 1
Nhén xét voi nhiét do dat 500°C:
+ Thoi gian qua d6 khoang 550s.
+ D9 qua diéu chinh rat 16n, khoang 105,83%.
+ Sai 1éch tinh khoang 0,15%.
Phuwong phdp Halman.[2]
Vi d6i tugng diéu khién 1a khau quén tinh
béc nhat c6 tré c6 dang:
K e—LS
1+T.s (1.10)

Thi theo Halman ta sir dung bo diéu khién PI c6
cac thong so dugc tinh nhu sau:

P — 21 =T
3.K.L (1.11)
Ap dung vé6i ddi tuong 10 dién tré 2,5 KVA
¢6 ham truyén:

G(s) =

G(S) =

4,54 o455

1500s +1 (1.12)
Ta c6 bd diéu khién PI cho ddi twong c6 ham truyén:

R(s) = KP(1+TL) =K, + Ky

S S (1.13)

- 2T _ 2.1500 _ 4.89476
3.K.L 3.4,54.45 (1.14)
T, =T=150
K
| =—p=ﬂ=0,00303
T 1500 (1.15)
A 4 L— ;D
[ | '@ ']
Step PlOontollr  Tnfefen  Tnseot Helman
Delay
—p ©
To Workspace

Hinh 3. So do simulink hé thong khi si dung thugt
toan PI ciia Halman

nHalman E
2b Qs %% DaHs »

Hinh 4. Pdp iing cua hé thang khi siz dung thugt
toan Pl cia Halman

Nhan xét voi nhiét do dat 500°C:
+ Thoi gian qua do khoang 400s.
+ P qué diéu chinh 16n, khoang 16,67%.

+ Sai léch tinh khoang 0,08%.
HE PIEU KHIEN MO LAI [2]
Nhiém vu diéu khién dugc giai quyét bang bo
diéu khién kinh dién(vi du bd diéu khién PID
kinh dién) va cac thong sd ctia bd diéu khién
khong duoc chinh dinh thich nghi. HE mo
dugc sir dung dé didu ché tin hiéu cha dao
cho phu hop voi hé thong didu khién. Bo
diéu khién nay 1a co so cho viéc tong hop hé
thich nghi.
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BDK MO

BDK +Y y

X ,? ,
L KINH DIEN

Hinh 5. H¢ mo lai khong thich nghi c6 bo diéu
khién kinh dién
Khac v6i phuong phap dung cong tic chon bd
diéu khién phu hop trong hé lai, cic thong s6
ctia bo diéu khién thich nghi dugc hiéu chinh
tron. Mot bo diéu khién PID véi dau vao e(t),
dau ra u(t) c6 mé hinh toan hoc nhu sau:

de(t) 1
u(t) = Kp.(e(t) +Tp, at + fJ‘E(t)dt)
U(s 1 K
GPID(S):£: Kp(l+ﬁ+TDS): Kp-l-?l-l- KD.S

(1.16)

Céc tham s6 Kp, T}, Tp hoac Kp, K,, Kp cua
bo diéu khién PID duoc chinh dinh trén co s&
phan tich tin hiéu chti dao va tin hi¢u ra cua
hé hé thdng, chinh xac hon 1a sai 1éch e(t) va
dao ham e’(t) cua sai léch. C6 nhiéu phuong
phap chinh dinh tham sé cho bd diéu khién
PID nhu chinh dinh qua phiém ham muc tiéu,
chinh dinh tryc tiép, phuong an don gian
nhung dé 4p dung hon ca 1a phuong phap
chinh dinh m¢ cta Zhao, Tomizuka va Isaka.
Véi gia thiét cac tham sd Kp, Kp bi chin, tirc 1a
KP = [KPmin ' KPmax] va KD = [KDnjin ' KDmax]-
Zhao, Tomizuka va Isaka dd chuan hoda cac
tham s6 d6 dé c6 0 = kp , kp = 1 nhu sau:

Kp _K;nin Ko _Kgﬂn
K, =

T max min ' D T T max min
KT — KT KT — KT

(1.17)

BO CHINH
—| PINH MO

de | vw v

dt THIET Bl
CHINH DINH

v v

X r—— | - y
—»(f)_ < [ BDK PID } POI TUQNG

Hinh 6. Ludt chinh dznh cde tham s6 bé diéu
khién PID

POI TUONG >

SO PO KHOI HE THONG PIEU KHIEN
VA GIAM SAT LO PIEN TRO TREN CO
SO HE MO VA PLC S7 300. [5]

Heé thdng sir dung PC diéu khién va giam sat la
thiét bi Card CP5611 la card PCI cho PU/PC,
duoc st dung dé ghép nbi PLC va PC qua MPI
(Multipoint Interface) v6i Toc do truyén thong:
tir 9.6kb/s dén 12Mb/s.Giao dién ghép nbi: khe
PCI, cong ra COM 9 chan.Xir 1y : 32bit. Tiéu
thu dién nang: 0.5A, 2W.

.l’(l 3

Dié¢u khién
va Gidm sat

1

Bo diéu khién PLC

Cam bién Module | yroidute Role chap

”T nhi¢tdé [~ twong ty 6 —* hanh SSR
DI twgng 10 dién J

tre
Hinh 7. So d6 khoi hé thong

Hé théng st dungedp nhiét dién WRN130
(Thermocouple loai K). C6 nhiém vu do nhiét
do cua 1o va chuyén thanh tin hiéu dién ap
mV dé dua vao cong tuong tu cua PLC.

B diéu khién PLC.[4]

PLC nhan tin hiéu tir cam bién nhiét do,
chuong trinh didu khién so sanh nhiét d6 hién
tai v6i gia tri dit va dwa ra quyét dinh diéu
khién (xem phan giai thuat diéu khién cua
PLC) tin hiéu dién khién Role SSR. Tin hiéu ra
tir cong DI/DO cua PLC téi AC SSR dé diéu
khién dong mé role tao ra dién ap cép cho 10.
Pién 4p cap cho 16 duoc didu khién theo do
rong xung voi nguyén ly mo ta bén dudi:

T
b

——
T

UIo :Ul
T

Ui : Pién ap cip cho 16 dién tré.

(1.18)

50

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

Nguyén Thanh Tung va Dtg

Tap chi KHOA HOC & CONG NGHE PHTN

195(02): 47 - 53

t: Do rong xung.

T:  Chuky cta xung.

U:  Dién ap ngudn cung cap.
Cac module ctia PLC-S7300:

——

E

SHmnm mEm

stat & moduls Al

Slot 4= module DI/DO
Slot 3: Khdng b module
Slot 2: Module SFU

Slot 1: Maodule agufn

Mo hinh 16 dién tré voi Dién ap cung cip cuc
dai 220V. Cong suit cuc dai 2,5 KW. Nhiét
d6 cuc dai 1000°C. Kich c& budng dot
200x120x80mm.

So sanh céc b diéu khién cho 10 dién tré

Fuzy Logio
Contollr

PP coniele

Conbllr!

Hinh 8. So d6 simulink md phong hé thong khi si
dung B¢ diéu khién PID, Bé diéu khién mo lai
khéng thich nghi va Bé diéu khién chink dinh mo
tham sé PID

Errx - [ b lsl=k
ELIEESEIENRS -

: FID COTROL
= FID FUZZY
H FID TUNING

Hinh 9. Pdp iing cua hé thong khi si- dung Bg
dieu khiéen PID, B¢ dieu khien mo lai khéng ghl'ch
nghi va B¢ dieu khién chinh dinh mo tham so PID

Nhéan xét: Tir dap wng cia hé thong véi 3 bo
didu khién, ta thay rang hé c6 Bo diéu khién
mo lai khong thich nghi (PID FUZZY) tét
hon bo diéu khién PID (PID CONTROL) va
hé dugc thiét ké v6i phuong phap chinh dinh
m& cac tham sb PID (PID TUNNING) cho
chat luong t6i wu.

Hinh 10. Mb hinh thyc hanh Lo dién tro 2,5KVA

Lap trinh PLC thyc hién diéu khién va thu
thap xir 1y dit lidu trong bai toan thiét ké hé
thong diéu khién 16 dién tro 2,5KW.

Yéu cau cy thé :

- Giam sat nhiét o cua 10 dién tro, dam bao
16 dién tr¢ hoat dong trong khoang nhiét cho
phép 0°C + 1000°C.

- Nhiét do 16 bam theo tin hiéu dat SP.

- Xtr ly théng s6 tir thiét bi do nhiét do trén
man hinh gidm sét.

- Nhan biét cac ché do hoat dong ctia hé théng.

- Nhan biét nguoi van hanh nhin nut
Start/Stop.

- Nhan biét ngudi van hanh nhin nat
Auto/Manual.

- Nhan biét nguoi van hanh nhén nat Print.
Khi nap chwong trinh tr PC xubng PLC,
chuyén PLC sang ché d6 RUN. Néu dé & ché
dd Auto, nhiét d¢ dat (SP) dugc dat thong qua
man hinh WinCC. Néu & ché do Manual SP
thiét 1ap bang tay qua nim vin, dua toi
PIW274.

C6 1énh chay Start =1 thi chuong trinh diéu
khién méi bat dau hoat dong, con khong thi
né ¢ trang thai cho.
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H¢ binh thuong, doc nhiét d6 10, gia tri nay co
kiéu dinh dang Integer, da dugc doi thang va
hién thi gia tri thuc cua 10.

A
Begin )
\___{_,
7 kmbe >~ S b
S Strtsipel __._.-"\' Hl\\ )

-

l b

3 ~_ §

" Kmbi
“ Automanuall -

~ -
—
b

Bt whigt 4 dji
-

Dt ubigt dg dit or
cong PFIWITE

8 /A\ s
F—C FID TUNING St

PID COTROL

§
PID FUZZY

\( B
Higu chinh thing —\qL — Xiy dymng lujt
6 PID Nhip thing o DKy
i Kp, Ty, Td,
—‘
St dung bg PID
Biu d§ ring
Tung
T

Hinh 11. Luu dé gidi thudt chwong trinh diéu khién
Bo diéu khién PID: nhap gia tri Kp, Ti, Td
qua man hinh WinCC, str dung khdi FB41,
FB43 tao xung diéu khién cho 10.

B6 diéu khién thuc hién xir Iy mo tham sb
PID thuc hién boi module mé FB30 duoc tich
hop trong PLC, trong lan doc dau tién cua
PLC, no6 sé lay tham s6 mac dinh dugc nguoi
lap trinh dua vao.

Tién hanh hiéu chinh tham sé PID thong qua
module F]341, két qua dua truc tiép vao
module dieu rong xung FB43.

Xuat 1énh diéu khién 10 t&i cong ra sd, tiy
thudc vao gia tri ngd ra ctia bo diéu rong xung
ma trang thai ctia 1o duwoc dong hay mo.

Két thuc mot vong diéu khién

At e

1
l POWER RELAY AUTO MANUAL

° BDKPID
BDK PID-FUZZY
BDK PID-TUNING

&8
L2
Hinh 11. Giao dién chinh diéu khién va gidm sat
lo dién tr 2,5KVA trén PCL

pres -l

BO DIEU KHIEN PID

POWER RELAY AUTO MANUAL

pivis's ]Eﬂﬂr

(A
L]

Hinh 12. Giao dién bé diéu khién PID

I
|
|
1 [ BO DIEU KHIEN PID FuZYY |
|
|
|

POWER RELAY AUTO MANUAL

S o]
0000 1 S

() (o) (wm ) (wonn

Hinh 13. Giao di¢n bg diéu khién PID FUZZY
Bai bao dd dé cap cu thé cho db6i tugng 10
dién tré 2,5 KVA véi bo diéu khién chinh
dinh m& tham sé PID, con bo diéu khién PID
FUZZY duogc thiét ké tuong tu véi cac dau
vao, ra va cac luat diéu khién.

MODULE FUZZY CONTROL++ CHO LO
DBIEN TRO

Phan mém Fuzzy Control++ vdi cac budc
khai bao va cu hinh bo diéu khién mo bang
phan mém nay cho Simatic S7-300. Cho phép
ta thiét 1ap cu thé cho dbi tuong 1o dién tro
2,5 KVA vdi bo didu khién chinh dinh mo
tham s PID, con bo diéu khién PID FUZZY
dugc thiét ké tuong tu Vi cac dau vao, ra va
luat diéu khién. [5]

Khéi dong chuong trinh va tao ra 1 Project
Vi cac thong sé: dau vao ¢ day 1a 2 gdm co:
Et va DEt, s6 dau ra la 3 gdm c6 Kp, Ki va
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Kd. Muc Target Systrem chon S7-4K dung
cho hé Simatic S7-300 va xac nhan.
B FuzyControle -

D ?

Define Project o

Nussbec of Inguts

Nussbae of Outgnss 3

or Help, press F1 |

Hinh 14. Khai bdo dau vao va dau ra

3 FuzzyControt+ [CAUsers\Ademinis!
<]

DEd sl ?

& 2R - e 11}

7 SR

= i

trator\Desktop\FCPAVFZPID.fpl)

if ... then

For Help, press F1

Hinh 15. Cdc dau vao, ra va ludt hop thanh If ... then
Output Properties

Name Of Qutput o]

? Membership Function
Insert Delete
neg -

Pont 0.500000

Output Behaviour
0 0.60 0.70 0.80 0.90 1.00  Ifno active rie
Hold the last Output Value

© Output Value: 0.00000¢

70,‘7] Cancel Heip
Hinh 16. Khai bao cho dau ra Kp

A4 FuzzyControle « - 3-D CiUs op {5 R e = |

i3] File Edit Targetsystem Test View 3-D Graphics Window ?
D sl ?

Hinh 17. Ludt diéu khién Kp trong khong gian 3D
Trén day trinh bay qua trinh thiét lap mét dy
an khi str dung phan mém Step 7 V5.5 d¢ lap
trinh diéu khién do6i tugng, xdy dung giao

dién giam sat va thu thap dr liéu trén ph:?ln
mém WinCC V7.0 va cach cau hinh bd diéu
khién mo bang phin mém Fuzzy Controll
V5++ cho Simatic S7-300.

KET LUAN

Bai bao nghién ciru thiét ké vé hé thong dicu
khién va giam sat 1o dién trd trén co s& hé mo
va PLC S7 300, nhiing ky thuat ché tao tién
tién da duoc ap dung giai quyét dugce nhidu
han ché cua cac phuong phap giam sat 1o dién
trd hién nay, mo ra nhiéu tmg dung méi trong
cac nganh cong nghiép nang, cong nghié¢p nhe
va gan nhét voi ching ta 1a trong doi sdng
sinh hoat hang ngay.

H¢ théng dugc thiét ké Do 6n dinh cao, do
chinh xac tin cdy so véi phuong phap giam
sat va diéu khién 16 dién tré bang cac phuong
phap truyén thong, giao dién truc quan, va co
thé dé dang mo rong tiy bién cac ung dung
khac dé dang hon. Két qua thuc nghiém va
khao sat trén nhiéu d6i tugng twong d6i phu
hop véi két qua md phong. Cac sai s xay ra
¢6 thé tir nhiéu nguyén nhan khac nhau.

Bai béo c6 thé dugc mo rong boi ly thuyét
diéu khién mo con rat moi mé véi chung ta,
viéc di sau nghién ciu 1y thuyét diéu khién
md 1 myc tiéu cia nhimg ngudi lam diéu
khién ty dong hién dai. Nghién ctru ap dung
vi xtr Iy dé thiét ké bo diéu khién, PID, mo
thich nghi ciing 1a mét huéng moi nham ha
chi phi.
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