32 1 ,2019 1
Vol.32 No.1, Jan. 2019 JOURNAL OF NINGBO UNIVERSITY ( NSEE )

P- PID

1 2 2 2 1*
1. R 315211; 2. s 315712
: PID P- PID , P-VFPID
(Proportion-Variable Fuzzy PID). Matlab
3 , (P ) P-VFPID;
Matlab . , PID VFPID, P-VFPID
; VFPID; P-VFPID; ;
: TP273 tA : 1001-5132 2019 01-0052-05
, [5-6]
, 4 (
b )3 b
PID ,
, PID , .
, P- PID
PID (i, (P ), :
, , [2-3] , PID
PID , ,
Ak, Ak, Ak, , . ,
kp k, kd s s s 3 >
, [4] , , Matlab , P-
, PID PID
1 2018-01-16. : http://journallg.nbu.edu.cn/

51705263 2017C110030 .
1993 s s : . E-mail: 1300415814@qq.com
* : 1966 ., s / R : . E-mail: huyanhai@nbu.edu.cn



1 , P- PID 53
: PID {y(a) =0.4(y(0) = ¥(0)), o
s ¥(8,) = 0.8(y(0) — ¥(0)),
> > 2) : 4=1140s, y(t)=
33.89 , 1,=3240s, y(t)=35.43 , t;/6,=0.352,
1 7, 3):
K - X))
U, —uy
’ t+t
T +T,~1—=, 3
L (3)
B, 1T, _~ 1.74¢, 0,55,
© (T +T,) 2
G(s)=——e ™™, 1 _
() (Tis+D)(Ts+1) 1) 60s , =
LK T - 60s. ()~(3)
e G(s) = 006w, 4)
2126255 +2056s5 +1
23,
2 P- PID
60%, u=132V,
0.5h 0= 2.1 P- PID
' 4 PID ko ki
3235 90%, ?
ko s Ak Ak, Ak,
=196 V, ' 8
, PID 3 R .
Y(©0)=36.2 1
3 - [4] [9]
y(36) | l_"‘ﬂw 5 .
35l e HEH Hh 2k ’
— SR ’ ’
o : £
W34t
»;% [_EmaXa Emax]a 5
33t [_aEmaXa aEmax]a a
»(0) ) o
32 L ! ! !
0 2000 4000 6000 8000 ) a,
B a)/s a
! . C )
1 s ( ) 2
Matlab , , P, P-
( 93.89 ). PID ( 2).
80 s 2 PID R
5 (251
i, W o E EC ,
(t,y(1))  (4,,y(1,)), b b3 Akp Ak, Ak,



54 2019

, L€ 0.6E max. , P Eax=r, 7
, PID ,
) © Ak, Ak,
g i ; AK, 1
Ak|Ak|Ak, 1
de/dt XY V\
[ pz | (s
ik Kpokark
(k] & 4 01 0 B B2 Bs
vVYY 1 0.6 0.8 1 0.5 0.8
"y (R »PIDY 48 2 04 06 08 06 05
— 3 0.3 0.2 0.4 0.8 0.2
S
23 PID
PID
2 P- PID ’ PID 3
22 .
10} 3 [y
3, ,
B, E [-30, 30], [-6,
, 6], EC [-6,
, 6], Ak, Ak,
; , Ak, [-90, 90]
, , s [-1,11  [-80,80], [-6, 6].
2 . {NB, NM, NS, ZO, PS,
, E PM, PB},
3 , 1: [-0.6Emax, =0.4E ] (121,
[0.4E max, 0.6 Emax]; 2: [<0.4E max, =0.2Epax] ,
[0.2E maxs 0.4E max]; 3: [=0.2E max, 0.2 Emax]. ( 2.
2
NB NM NS Z0O PS PM PB
NB PB/NB/PS PB/NB/NS PM/NM/NB PM/NM/NB PS/NS/NB Z0/Z0O/NM Z0/Z0/PS

NM PB/NB/PM PB/NB/NS PM/NM/NB PS/NM/NB PS/NS/NM ZO/ZO/NS NS/Z0O/Z0O
NS PM/NB/ZO PM/NM/NS PM/NS/NM PS/NS/NM ZO/ZO/NS NS/PS/NS NS/PS/Z0O
Z0 PM/NM/ZO PM/NM/NS PS/NS/NS ZO/ZO/NS NS/PS/NS NM/PM/NS NM/PM/ZO
PS PS/NM/PS PS/NS/ZO Z0/Z0/Z0 NS/PS/Z0O NS/PS/Z0O NM/PM/ZO NM/PB/ZO
PM PS/ZO/PB Z0O/Z0/PS NS/PS/PS NM/PS/ZO NM/PM/PS NM/PB/PS NB/PB/PB
PB Z0/Z0O/PB Z0/Z0/PM NM/PS/PM NM/PM/PB NM/PM/PS NB/PB/PS NB/PB/PB




1 , P- PID 55

3
, “4) ,
Matlab , PID
VFPID  P-VFPID G,(s)= 0.03 e
i : g 2850005 +3000s +1
, , k,=80, k =0.08, k,=
50. P-VFPID , 0l
k =80, k,=0.08, k, =50. G,(s)= - e,
- PO i0 a0 2 (5) 3008005 +1500s + 1
) 3 ,
’ 3.1, 4 5
22, 37,
10000, Is. : S
5000 PID VFPID e
PID VFPID  P-VFPID
3 .......... &E(Eﬂ}g
———— PIDSi%
----- VFPIDS-i%
P-VFPID&E %
LV ‘ ‘ . . .
N 0 2000 4000 6000 8000 10000
BE R E B 1a)/s
e PIDS %
VFPIDE 1% 4 G,(s)
P-VFPIDE 1
45
1
20 : ' ' : ' it
2000 4000 6000 8000 10000 40 . ] 3
Bl 37 M e
L35t M -
3 X
;E;E 30 .......... ii%»{ﬁfg
3 3 [Eeyp——— PID%:{Z
----- VFPIDH
3, , P-VFPID 25 P-VFPIDH %
VEPID PID , ;3
, , . , 0 2000 4000 6000 8000 10000
, P-VFPID : s
5 G}(S)
3 4 5 ,
, PID
, , VFPID
, ) P-VFPID
/s /% /s / /
PID 771 4.1 4200 0.01 38.86
VFPID 700 1.6 1 800 0 38.23
P-VFPID 850 0 850 0 37.88 4
3.2 P-VFPID,
, , P-VFPID

) PID VFPID,



56 2019

PID AR , 2015, 32(1):357-
’ . . P- 360.
VFPID , 7] ’ ’ T
[J1. , 2011,
38(12):1420-1424.
[8] SunJ, Zhang D H, Xu L. Smith prediction monitor AGC
system based on fuzzy self-tuning PID control[J]. Journal
[1] , . [J1. of Iron and Steel Research, 2010, 17(2):22-26.
, 2003, 22(2):50-52. [9] , , .
[2] Lin L, Wang H J. Adaptive fuzzy PID control method [71]. , 2011, 25(6):1-9.
based on identification structure[J]. International Journal [10] . [D].
of Systems & Control, 2006(1):15-21. : ,2013.
[3] . [D]. [11] , , , . PID
,2009. [I. , 2012, 38(7):
[4] , , . PID 233-235.
[J]. , 2017, 33(4):44-48. [12] Liu F C, Liang L H, Gao J J. Fuzzy PID control of space
[5] R R manipulator for both ground alignment and space
PID [1] , 2017, 35(2):471- applications[J]. International Journal of Automation and

Computing, 2014, 11(4):353-360.

Study on temperature control system of infant radiant warmer based on
proportion-variable universe fuzzy adaptive PID

JIN Ai-guo', YANG Hai-shi*, WU Hai-xiao’, WANG Qi*, HU Yan-hai'"
( 1.Faculty of Mechanical Engineering & Mechanics, Ningbo University, Ningbo 315211, China;
2.Ningbo David Medical Device Co. Ltd., Ningbo 315712, China )

Abstract: The multi-modal proportion-variable fuzzy adaptive PID (P-VFPID) algorithm is proposed in this
paper based on fuzzy PID. First of all, the step response method and Matlab system identification toolbox are
used to obtain the transfer function model of the radiant thermal insulation bed. Secondly, the interval
determined by the expert experience is improved based on the deviation grading method, and the three error
intervals of the input and output scaling factors are obtained respectively. The P-VFPID is formed by combining
the fuzzy algorithm and the proportional control. Finally, Matlab is used to conduct simulation. The results show
that the P-VFPID has features of short adjustment time, almost zero overshoot, no steady-state error, strong
anti-interference ability compared with the ordinary PID algorithm and the VFPID. It also has a good adaptive
ability to cope with the temperature control system requirement of infant radiant warmer.
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