§

»2011 33 4

Automatic Control Systems & Equipments

( 730050)
. : PID PID MATLAB

o : PID o
PID MATLAB
TP273.4 A 1000 -3886(2011) 04 -0016 - 03

Heating System Temperature Control of Hot Water
Boiler with Fuzzy Self+tuning Control

Li Zhanming Yu Zongbao

( College of Electrical and Information Engineering Lanzhou University of Technology Lanzhou Gansu 730050 China)

Abstract :

Objective  Aiming at serious time-ag issues occurs in temperature measurement and feedback and large inertia and nonlinear
characteristics of hot water boiler control system a control algorithm is proposed to improve the system performance. Methods The
simulation model of the boiler under MATLAB is controlled with Fuzzy self-tuning PID control algorithm and PID control algorithm and
their control results are compared. Results The system dynamic performance is improved after the system using fuzzy self-tuning
control algorithm namely the overshoot decreases and antijamming capability enhances. Conclusion Fuzzy self-tuning PID

algorithm which can improve heating efficiency of the heating hot water boiler heating system is of higher application value.

16 .. Electrical. Automation

Keywords:Hot water boiler Heating system Fuzzy self-tuning PID MATLAB
- E -
0 w el ]
' STy 1
i | it .
> N | | A __!-:;;__2;5 ol
PID . a| | 1T
N o Ak, Ak, Ak
. O
REHY o - v U e Bilty |
[
' . PID
1
o 1.2 PID
PID )
, _
° 6
1 PID oy L2 .
2T 1208 + 1
1.1
PID )
S7 -300PLC
1.2.1
o T(k
i PID kpk, k, (#)
t( k) o
PID N N
1 e(k) = T(k) - (k) (2)
_e(h) —e(k-1)
- 2011 -03 - 16 el k) = T (3)




( 2011 33 4
Automatic Control Systems & Equipments
k=0,
e | .
| PIDE 28 iu—n 20 e(k) |
k k
'y P D
k, k, k,
) — h o Wnl ok
eb)| | h
Y HOHE 38 > R 30 e(k) |
é®) T T kpk o
! kyk k 1
i NI ‘ — itk | e
M | | Y |
— 1 kyk, K,
2 FS-PID
e( k) ec( k) -3 +3 e( k)
ec( k)
C Clss k,=1 k, =1, NB NM NS Z0 PS PM PB
{e(k) ec(k)} ={-3 -2 -101 23} NB  PB/NB/PS PB/NB/PS PM/NB/ZO PM/NM/ZO PS/NM/ZO PS/Z0/PB  70/70/PB
NB NM NS ZO PS PM PB7 o NM  PB/NB/NS PB/NB/NS PM/NM/NS PM/NM/NS PS/NS/Z0  Z0/Z0/PS  Z0/70/PM
NB Z PB S NM.NS.ZO.Ps. NS PM/NM/NB PM/NM/NB PM/NS/NM PS/NS/NS ZO/Z0/Z0 NS/PS/PS  NM/PS/PM
PM 3 70 PM/NM/NB PS/NS/NML PS/NS/NM. ZO/ZO/NS NS/PS/ZO NM/PS/ES NM/PM/PM
T o r DS PS/NS/NB PS/NS/NML ZO/ZO/NS NS/PS/NS NS/PS/ZO NM/PM/PS NM/PM/PS
- /| PM ZO/Z0/NM ZO/ZO/NS NS/PS/NS NM/PM/NS NM/PM/ZO NM/PB/PS NB/PB/PS
[ 18 od | [ PB Z0/Z0/PS NS/Z0/Z0 NS/PS/Z0 NM/PM/ZO NM/PB/ZO NB/PB/PB NB/PB/PB
[ 1g™ f
III | _E 0.4} .{' ;I
| [=] |
[ ] :E .}: |
| ' VA - | ! Y | (4)
43 o 01 2 3 A& 01 01 2 7 w = min(u,(e(k)) uy(e(k))) = u(u) (4)
e ec 1 2 3
3 e(k)-ec(k)
. kok, K, ky
1.2.2 (=33} & {-0.10.1} k, { -0.8 0.8)
e(k) ec(k)  PID 7 'NB NM NS ZO PS
kpkisky ’ PM  PB. 4 .
1 fe(k) |
k, k,
W M ™ s PM PB e e s M rB {5-1 W ns z TR
1 A A A 1 1 'ﬂl .'f" A A |\ A A A 'fl
= N /v A\ flee IV T / Ne | /|
F08t [\ [} f\ 15 oslf | \ | S 0.8}
—,2 l. I_.' I'-I _."’I I',_ I,".I E \ I-". I.'r ll:- \ E '.\ ,'. .l
E 0.6 ”-\,”_:f Vo /o | {£ 06 | {Eoe \/ /
E 5\ \ \ f \ [ |E [ ] } i B ) 1 \ f
504 \ /\ / \ o/ {504 A/} \ S 04 [\ L 4
o2t/ \ J lBo2l | Yl \ / 0.2 -. 'S
0 \ . ni A V of \ N
. 2 O 0 1 2 3 01 006 0020002 006 01 -08-06-04-020 0204 0608
kp ki kd
4 kyk,k,
Uy Kn:Km+{e(k) ec(k)}n (6)
ZLMIXuJ {e(k) ec(k)}p {e(k) ec(h)}, {e(h) ec(k)},
U = x K (5) . Ky Ky K, PID .
My
j=t 1.3 PID
M My
. K . (6) .
Ky = Ky +{e(k) ec(h)}p K, =Ky +{e(k) ec(k)}, y 8

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.n

Electrical Automation 17

et



¢

»2011 33 4

g

Automatic Control Systems & Equipments

2
t, =, 417217, +17, =2t7) ng(t, —t,) (7, —t7) P4
ng/26(1, —t5) (1, =) /(¢ =t",) (7) 9 ) 76 51
t,o=t, +172(t°, +15, =2t7) nq(t, —t,)/(t7, -t7) - 8 _3 78 53
ng/26(t°, —15) (¢, -,) /(¢ =1,) (8) 7 _4 80 55
6 -5 81 56
bt . : (€ 5 64 39 -6 83 58
N N ;
g™’ h ( ) 4 65 40 -7 85 60
i (C);
3 67 42 -8 86 61
t,— (),
2 69 44 -9 88 63
t,— (C);
o () 1 71 46 -10 90 65
p— . 0 72 47 -11 90 65
o -1 74 49 -13 90 65
n o
no= (t,+1,-2t)" 0, -17) / 2 PID
(v, +05 —207) ", - 1,) (9)
2.1
B qg=1.
. o ¢ c 0 MATLAB M
3. 4 o
G= (t,+t,-2t)""(1,=t7) / °
2 1000
(1, + 15 =20,) (1, = 1,) (10) ’
( 300 100 o
N Ky=6 Ky=0.4 Ky =1.
2.2
PID
N o PID
120 80 800
:Y-—pﬂ
1004 60 700
" i lll‘/mzr"'-' 600
gsnrnm“ —_—— ] 40 500
) | =
260, £ 20 400
2 s 7
£40f off ——— 20
l f 200f| L
20) 20| oo}/
0 ' 5 40 %
0 400 800 ts 1200 1600 2000 0 400 800 is 1200 1600 2000 400 8OO tls 1200 1600 2000
Es5 {FE#HH Ee6 REiREMmE E7 =hlEE
2 0.5 9
I.SH-! 0.48 ;
1.6 0.46)
L4 0.42 7
1.2
= 1 204 I g6 J\;».------—-—
0.8} P g'is
0.6 .36 5
0.4 f’r—h 0.34 4
0.2 0.32]
{\
0 400 800 ifs 1200 1600 2000 O 400 800 ils 1200 1600 2000 30 400 800 .‘.-':‘IEOO 1600 2000
E8 E=HSE k&b BBTHE
( 21

] trical. Automati - - - - -
(C)19914§—2553§ China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



( »2011 33 4

Automatic Control Systems & Equipments

() o WinCCV6.0 Internet
o Explorer6. 0+ Microsoft SQL Server 2000 Microsoft Message Queuing
3.3 V5.0 KB319740.
() o WinCC
. S7 PLC S7 -300 WinCC
PID FC41 SIMATIC S7 Protocol Suite “TCP/IP” PLC
o FC41 . Ip o WinCC
0.0~1.0 0. 1/0 PLC DB ()
0~1.0 : ( ) x100/25 NN ()
FC41 PV-IN SP-INT . o N N
0.0~1.0 : LMN x 27648/ . . .
100 PQW . PID o
OB100 COM - RST 4
COM - RST PID
OB35 200ms PID ()
STEP7  PID PID PLC N
PID o PID PI . <PID N .
:P=40~100% T=6~60 s.
PID o
. . ()
() N o
PID OB35 °
PLC
1 M .
() 2004.
2 . PLC I 2002 24
() o (1):69 -70.
3 . PID J .
. 2008(5) .
4 J
3.4 2005(2) :79 -81.
WindowsXP+
Office2003 . SIMENSE WinCCV6.0, [ 1 (1969 -)

( 18 ) 2003: 3.
. 80°C 2 . PID
5 i PID PID J. 1995(11) : 16.
3 . I
° ° 2009 22(10) :40 —41.
~ 4 TAKAGIT SUGENO M. Fuzzy Identification of Systems and Its
PID Applications to Modeling and Control J . IEEE TransSMC PB:
. Cybernetics 1997(5) : 884 —889.
6 7 8 . PID > - b
I 2009( 6) : 55 - 57.
PID ° 6 : PID I
3 2010(9) : 324 -325.
7 . MATLAB PID
PID I 2005(24) : 61 —63.
8 -« ) J.
’ 2002(9) :45.
° [ 1 (1962 -)
(1982 -)
1 D .

Electrical Automation 21



