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Design of Remote Monitoring System for Injection Molding Machine-Based on Expert Segmented PID
Hu Yanan', Wang Pengwen®, Feng Huiping®, Li Minghui®
(1. Xijing University, Xi’ an 710000, China ; 2. Shaanxi University of Science and Technology, Xi’ an 710000, China)

Abstract : A remote monitoring system of injection molding machine based on expert segmented PID was designed to solve
the problems of overshoot, vibration and low level of automatic monitoring of injection molding machine barrel temperature control.
Based on the expert knowledge and experience, the'segmented rule base of PID parameters was designed to realize the online tuning
of PID controller parameters. With Siemens CPU315-2PN /DP controller and ET200S slave station as the core, the lower computer
program and upper computer HMI interface of the monitoring system were developed on the platform of STEP7 +WinCC to realize
production report, fault diagnosis and historical trend function. The workshop ring fiber industrial network was built, the resource
integration and data sharing were realized, and the automatic monitoring system of injection molding machine was upgraded. Matlab
simulation and field verification show that the expert segmented PID controller has small overshoot, strong anti-interference ability,
good robustness and can improve the quality of plastic parts.

Keywords : ring network ; CPU315-2PN / DP ; remote monitoring

SR Z T A Tl BT ST
AR T (AR A R b A7 AR KPR
FRTT, T e R SR A ) ST A A UL Y e
Ko BHATREL R NIER 5 , 75 1 BUERBEfE R
BREFETRTRE A S LR, P E N SR i . H
AT, [N TESE A Sh s R G R G R Gea
7 JERMBE 77 55 B (A1, JCI5 S B BB HLAE 7 24
B0 M RS AR S N 5 5 ]IS gl =2 P S ol
(1 Se it P i Sk AT SR, BT LASB A o A A2

SEERE M,

TEBBAUR 5T it 47 1) R 2 e 5 2R 0 o G
FHIBEIRT, TR A ™ e R AR AL,
BBl B AR A e A T 2 R {H, T IR A=
50 PID 42 il A fi] 5 2 S B ey o7 3o B PRAE G
MR 280 50 TR R P, H PID 1L
1 (P) B3 (1) 303 (D) 3 NSy s , &N Hl B
Iz ARSI TR R BRI 2
PSR A A X AL BERR & L L TR 5 h B SR IN 3%

BE&WA . Bid E S ah AW H (2018GY-042), 14 5124 B RHIFRE 430 H (XJ170129)
WES: F g, R0, A, EBFST LA O 2k E-mail: 2664961273@qq.com

rfm B 2019-12-26

SR SR, B, Foi, 4 BT R0 B PID LI R Rt [J]. LAEWELN L 2020, 48(3):92-97.
Hu Yanan, Wang Pengwen, Feng Huiping, et al. Design of remote monitoring system for injection molding machine based on expert
segmented PID[J]. Engineering Plastics Application,2020,48(3):92-97.


杨超


WP RG 55 FET L5050 PID THIHLE R R e s 93

SO, [ 280000 PID R E B2 426 &t 30 RN
RIS, PRI FE N A 2 . IR THRHE TR
JEE P AR WS N SR AR TS AR 42 i i 1 o
MW 4% PID Bk B B0 RBENN 4309 5 py fist
fitp R4 T a0 O A2 e s ) B I FH T £
Pl B T — 2 BRCR 2 E ARk A E 2 B
PR SEEME i , X4 i e RN P AT R
1R, U SR B R AR B A . ST, K
UL FZ NI AR 5L E B 450 ALl R,
Wit Be PID 2805, 19 & & 5K 51 Bt PID #5155
2, i pR [ E S50 PID AR AN [A] T80 FREE N 4 RS
JEE RN W PR A 22 Y Il R A FH PG T ]F S7-300PLC Al
ET200S Sl i ML A 0= ) I 5% P IR 55
TR B2 P A 4%, SBR[ BRI 4R T
HEHLEE T R GRS
1 EBIZRE

P 1A T 2. AL 3 B iR R
Sh T BT R o Sk B AR, BT AR Y T
A3 R TV ARH 6 B 4R BE R B 0 sk AR M

BT REE N, RS e VR T o 28R Ak
a7, BEARLLE [ A % B IR WA HA i O A5 i 22 R 4 B
ORI RICTR 2SI 70 FEAHES, AR 5 8 R
BT 5 TR B E R R L R S M
SRS I AR S I SR — i R IE N &
MM T AL, 22 e Y H Y IS S AR A i s
i,
2 EHRRSSITREIER

BEXPESAL A ST Rk G IR A%
I P RE 7 555 . 45 4 e =2 IR HE (9 (], SR Siemens
S7-300PLC M#xiil g, LA ET200S 43 =Mk, %
TP B f R 58 (DCS = R4t ), Al
2R, HEHARGBIKZANITIZ, FEaRE L,
PT100 i BE AL B%ER T A% 3% S FEL G IR S (3R R
Froe 8, S8 T SR ) R GeA5 5 R A A il Sl
P75 R 2GS, 228 PLC, ET200S M
4, PLC 5 ET200S Mt & H Profibus-DP i& i, 3=
BE5E TR SR HLA = 2 R SR I 4 5 002 R A B
T & IR 5 e AR AE G | T AR SR A, SE AR
B RN R €/ TR o 3a s AN e &
g, PLC S#efEul . TREIM NS % 7 B 55 2% FTERHIL .
fil #525¢ 2 [ >R I Profinet 3 i1, ¥4 BEERIE X 4% , 56 i
T RIS I S, SE BB G — A R
= R EREL e B i R G EA U A

(1) DAz 5305 B b ORGSR L B SR 1Y Siemens
S7-300PLC My #z o ¥ il i , AT/ 28 55 M 5 1

W ORSE R T st
i BRI wit i )
I l il b,
= = AN G Ud
E i //}// o s ;»I// piEm]
= G KT 7 4/0 y
ERSLE AR LR
CXTHEEINETED
R ‘

100 M /1000 MBPS FRHEIELF Tl LA M

CPU 315 -2PN/DP
il 2 1A 4] 2447 4[]
| | |
\ \ \
ET200S ||fik || firk [ETzoos] i [ETzoos] [ETzoos] i ET200S
[CARE - 5 ) {
Bt | | Bt Bt 5t
9%1
T e
b
£
s

2 3 Sl R R 2


杨超


94 TR

2020 4F, 45 48 ¥ 455 3 ]

ET200S Sy Piili , WG i AIRFE L 3 B A h, St vk
AE TR PERYTEIEAL DCS il R4t

(2) RHATHE PC AL (#RAEuG ) N7 b4 e e
FEARGE G 4 SR SR A R G2 (R

(3) M IR K HE S, S 4 (R B di L =2 W
ik S e (YN EA A

YR ML S T AWM KIREER, XF
il 240 PLC #ile | IM il | SM b | PS Bl s
MR TR R, M TESANLESH RS 1/ O B TUAR
it AR RE (PRSI 5 R R CPUB15-
2PN / DP #1040 . IMA51 M43 A i . g il
TRl RG4S R T2, FIFH Siemens TIA
Selection Tool # {4 iF47 R GEME (ALY, iz )i HoAT
A RACRE (F 2 R Mtk o3 E | B2 B L X 45 3% 42 K
TSI e PR 2R TR, TITE IhF U B B AT AL S & S
B ALZNE SRS TS MR R IAT R
[ = S W A e G S I RS D S B2 8oy = SRS EAE A
T pE(E B . ST-300PLC 434 =U vl ET200S i i
Profibus-DP £ iR, 5¢ L7 {7 B R S PR 5
S 5 S7T-300PLC 5255 KTP600 i Profinet
o 2830 TR, [] s ot 8 11 ) 2 e eI 55 A B2 A,
B4, ST / U E s

1E TIA Selection Tool 4% /4-#) Portal #[&T , %
BEITHAH 0] A S A iU T R G T 5 T
TR B bR A SE 5 T R Excel SCRY & Hi
SR AV R ERTT, BTy DB, G st

T, 3k 1 s
®1 OEHEEENTRIIR
BT 44 B PS5 CiRes Mot
CPU315-
2PN/ DP 2PN, 1DP, 256 6ES7315-2EH14-0AB0 1

S 160 mm, FT4%% CPU B6ES7390-1AB60-0AA0 1

DIN & 50 MM K 483 mm, 6ES5710-8MALL 3

19 "HLAE

. PS307 ; AC120 / 230V,
CPU HL DC2avy 6ES7307-1BA01-0AA0 1
IM151 fridk PROFIBUS DP 6ES7953-8MA11 3
it R 8M 6ES7953-8LP31-0AA0 1
HMI KTP600 Basic , PN 6AV6447-0AD11-3AX0 3
PM-E #¥itk 24V 6ES7138-4CA01-0AA0 3
DI e 8DI,24VDC 6ES7131-4BF50-0AA0 9
DO fhidk 8D0,24VDC/0.5A  BES7132-4BF00-0AA0 6
Al fiif AAITC HrifE Tl 6ES7134-4 JDO0-0ABO 6
Al 2 /4A1, RTD, bRifER!  6ES7134-4 JB51-0ABO 6
AO fHitl 2A0, | 6ES7135-4GB01-0AB0 6
T Auéé}gnjg W ees7103-40c20-1AM0 6
Uity AR JRET I (5) 6ES7131-4BF00-0AA0 12

3 ERHEE PID =4I RGET

148 PID 45 AR Y5 B fH (SP) FERAEE (PV)
IR 2 e(t) I ELG] (P) U (1) 4 (D) i8530
BIER], SAE  u(), Here s

de()] (1)
d1

u(®) = K [e(t) + %fo't(z)dz + T

X PID TRR A
Au(k) = Kp[e(k) — e(K-1)] + K,e(k) +
Ko [e(k) — 2e(K-1) + e(K-2)] )

% Ko S LU R B T, SRR 580 T A2 o 4
K = Kp /T, Sl 250 Ko=Ke x T J2 1503 240

LR 5y Bt PID ¥4l 4% 2 5L T A% 48 PID #5461 11
SEfdi b R AU L FRBIZE AR R FE LR
TRV, A0 T A LA fr TR Ol 22 B A 2578 A TR
HENT R R 3 Be SO 2 S R PID 2248, SR
PID il % t [ S8 A8 T S50
3.1 EHEEM

LR PID ¥ A% R AL F U HEEAL 4y
BB L5 PID B HMI LT, Gnf&l 3 firs . Al
VUZE A0S T S MU YL 4 il A DG 1) S5
B K R RN 5 e BEHLAK e AL s 17
5 00 HITRPE R S A B S B0 1 S T B Y T
T3 Be S MO AL 25 PID 45 2% L) 52 90 2 80 %%
3B SR SR T LR B I A5 A I O R 89 PID
W BB, oy B S S  RAE HRA X R, 38
1 HMI L AT A A& Ak B SR

. vigse il e
HMI1 FL i —> S (s —l
o
v BB B
e o VVE [ ML om0
1 2 n

3 LRITELPID FEHI RS
3.2 HZX45KPID i=HAM
Pt R £ 5 43 B PID 45l f A% 0 , HAK 3
LRI PRI A5 L S R A AH N 2L
R 53 Bea) oy PID £ 65 L SR 5 S A ] Tl 45


杨超


WP RG 55 FET L5050 PID THIHLE R R e s 95

o DAVESRHURHE R 4 B il B 45 1 A ], T T
S 200°C, BLRAGEETR 22 £ 0.5°C AN, i T H Al
PR SAMLIR B P il R 22 0 £ 5°C, iR Koy Bt
TR TR B

(1) 4 e(k) > 10 CH, B PV H iz K F ¥
SP {H, #5 1 Jm#k.

(2) 4 e(k) < -10°CH}, PV {Eiz/N T SP {1, %
RIpFANHA

(3) 4 -10°C <e(k) <10CH, R H L% K&
PID il g o iR R il 2

D24 le(K)| < 0.05°CHT, 4EFFBHAAL ;

24 0.05°C < [e(k)| < 0.2°CIt, PV {5 SP B fi
2RO R AUMER] THBRFRS 22 WA K (k) = 1,
x AK, (k-1) ;

3 4 e(kjec(k) > 0 i, |e(K)| £ 35 K Jy 1] 4%
b # e(K)] = 2 °C, 52 it ¢ o Lh o1 4% AR, )
A Kp(K)=K; x A Kp(k=1) ; £ 0.2°C < |e(K)] < 2 C,
S5 it — i B L AR TRIE T 3G i g VR B 1k
2 408, A Ke(K)=K, x A Ko(k=1), A Kp(k)=D,
X A KD(k—l) H

@ 4 e(kjec(k) < 0 H. ec(k)ec(k—1) >0 Hf, 5%
B le(k)| 1 sk /N 75 1] 722 Ak 2 1e(K)] > 2 °C.4 W i 25
BER, St rh A B AR A Ke(k)=Kg x A Kp(k-1) ;
27 0.2°C < |e(K)| < 2°C, WA 22 B 1k 1, )
A Ko(K)=K, x A Kp(k-1), A K(K)=l,x A K,(k-1),
A Ko(K)=D, x A Kp(k=1) ;

® 4 e(k)ec(k) < 0 H. ec(k)ec(k-1) < 0 Hf,
F W le(K)| b T B AE RS 4 le(k)| = 2°C, 55 i 44
5 4% 1, A Kp(K)=Ks x A Kp(k-1) ; 45 0.2 C < [e(K)|
< 2°C, S — M 42 L A Ke(k)=Ks x A Kp(k-1),
AK(K)=15x A K (k=1),A Kp(k)=Dy x A Kp(k-1) ;

© 4 e(kec(k)=0 B}, F W &= 2 K W
BH; # e =2 C, 5L ji & 9 9 B %,
A Ko(K)=K; x A Kp(k-1); #7 02 C < |eK)] <
2 C, L — M HL A Ke(K)=Kg x A Kp(k-1),
AK(K)=1,x AK,(k-1),A Kp(k)=D, x A Kp(k=1).

Horr, e(K) , ec(k) ek iyl B i 22 S fi 22 18 105 5
Ky ~Kg, Iy ~ 14, Dy ~ D, R H AT R LR AVAHA
ME
3.3 MATLAB 15 A5 #7

T SB AR T B2 52 B BE AR AE T TR EE R A
AL RSN e TR R S, R R R
Ge HATARLR (AR SRR , W 74 A B R R

M 1 PP 2 AR S ALAR B UG B 4 il R e Ay
50e" (3)
1750s + 1
A G(s) AT IHURMEIREE 5 s JEPr [V R+
U 5 43 B PID 51 5 B9 52 FHME AT &%
PE,7E Simulink B rh sy & 50 B PID #5445 Al
1245 PID #ifil g% Lo f B, i EORMAIRLEE iy 200°C,
iz 17 B 8] 24 400 s, Kp,=1.53, K,=0.78, K,,=0.57,
t=200 s Zb3EHNIEAE A 30°C (15%) 17 1 [R5 5
BUE S TS, AR IER R T H0EE T, a4
T o KAk T TR B A% 2 PRER 1) K 34 30% , A3
e R vl AL e i, DLSHIE % K 5 B PID
il SR i R, Al 5 BT

250

G(s) =

.
200 - - # o
& 150¢ -/

~

i
E 100 |-

50 -

0

0 160 260 360 460
1] /s
------- —{EHPID; —— —LFIHEPID; - - -
B4 b0
250

200 F— ‘," - \J

& 150 |

~
il
g 100

50 -

1 1 1 |
OO 100 200 300 400

] /s
------- {EBPID; —— —LRAEPID; - - - —ERE

P 5 MU 20 Ho i 2

H & 4 AT, AL G5 PID F i 25 10 68 3 o 1
B FARRASE R R B ARSIk
6] 43 %1 4 19.6 °C,60 5,195 5,24 °C,150 s ; & &K
4y B PID #4625 43 %>~ 0.1°C,120 5,120 s,15°C,
60 s ; F1IEl 5 T %0, MR I J5 A4 4t PID £l %
(14 e 8] ko) 7 SR | ) R RS A B ) T R S R
A R FRA BT 8] 43 294 21.65°C, -10.93 s,
25 5,5.04°C,20 s ; L5450 B PID #4329 R
0.4°C,-18.4 5,3 5,0.7°C,5 s, ZiOKE, LFITE
PID il 4 oA ME /N DU Hiae Jyis AR i


杨超


96 TRESEARHR H

2020 4F, 45 48 ¥ 455 3 ]

EREL R P, AR R IR B K
4 EBHME RS

hy SR VR A A Ao R ) S W A TR
SIEMENS Step7 #1 WinCC FYILfe i 250, 119
ML R 50 F2 28 FH P 8 i O R
A E R i g  SE O E T AR S R
A M HMIE U 328 R TAE N 5L 5 B A
TS, BIAEE R ) TARIRE s R G4
RS KA, W 6 B/, AS [R] 5 1 38 2 422 1 i 1)
e, BRSPS I A 7 S YA
A AR TR R RN A I L

AN BN BN BN OB B AN s

6 TEMHLIGTERS HMILS
I E WIinCC -5 i ad B A i (B X, i E
At ik 5 Step7 FAZHL |/ QM IEARRI R , 2 S
BOBE AL e A e o R v AR T
AT ZZORSOMIATTE, HFAE WInCC S5 & 5t
THIAE e S50 (E, BV AT 5230 280 006 e Sk A HL Y
P AR S, B 7 PR

B2 LN

WML E KRR G

TZRA L il L} Uit b Rk HEMED MRk
iREaN | 2000 T WEEN | 200 T HMHE | 60 5 REE® ¢ 135 (1 L0 D
HMEEN | 2ue T MBEE | 2500 T WEME | 4.0 S HEWBEN ¢ oLzs 1 Los D 232
R SERE i 250.0 T maSARZE P 135 L05 p 23z

180. 0 BEEE 0 e S [ o
MAEA | %00 T NPEM | 1600 T HWMEA P 203 1) 068 D )
mERM | 2o S
weanm A | 1o s
HMWE | 1200w MFEE | 20 5
WENE | 500 mW MuME | L0 =

Fad | 000 R

[ 0]

B 7 s R
TE WinCC % J5 A HLE% hXf PLC SRAE S iy 48
HURH 7 T B2 A5 5 R AT U Y, B B U AR ST )R
W] RRIFRZEESH, SR A P WinCC Online Trend
Control #1682k Iy s i 26 T | 4 i o | il 26

T R A e U9 &l 8 iz . 7 s il R AT A
VEN RN SRS MO G0 I L8, T
L2 LR 7 e R SRR2 W B ™ i o R A IR 2
%‘O

W BB KBRS

TERR EEER skl L E R BT L=

VR B E S i 2

O £ o 2

-1 B 7 3 £

MU R R

EHRBREN 1502 T EEG® 02 T
EWRENE. 2203 T MEGH 0.3 T
HREEN: 199.5 T ERES.-05 T

AN 80 RS 8@ W52 FCS

8 gk A

WinCC Alarm’ Control {4 ] X 3 #8 4E 7= 1o 2

{5 BAT RAEFFUEATVARY , 8 1% B 1O D SR T
SHCTE J B ) G B SO IR AR
B TTTRAE SR S e R b AR B T
Fish 5 30 S A 3 % 5 2 O R PN A A
TR 2 A AEAE N 53 Ui s e Ag i ia) o {3 pL
¥ RGP A AN S T IR AR
TS, AT DA B IR A2 RO, W&l 9 B

L U S Lk

Wil B B B0 B § B B E

PO KRR R
5 ZEig

BT A SR LR IR B 2 F AL Bt PID 5 il A7 7E
FE VR AR 55, 52 M) S8 A4 ot ) [ A, I T R gy
Bt PID %5 il 55 . F| | Siemens S7-300PLC il
ET200S =5 ML B AL 53 A = A 454l s L WInCC 2y
5T & HMI A AHLAL T, SEBA: = e 4 | e e
W S AT RE s $E T B RIIE LR Tl A
KM, S0 T IR A B SE R TSI A
SHETE RGN T, 4 MATLAB 15 B A B8


杨超


WP RG 55 FET L5050 PID THIHLE R R e s 97

FH B 55 Br PID ¥ Sk 2 A I /N Y
FE P B PR M EE S S A, RERS T I R
A5 TR 42 i 75 oK

[

[

(3]

(4]

[5]

(6]

8 & 3k

RIELE RS . FETBARNEE T FE N PID AT AR IR A
il [3]. YRR , 2019, 47(1):111-114.
Chi Xiaoni, He Junjie. Temperature control of injection machine
barrel based on single neuron adaptive PID[J]. Plastics Science and
Technology,2019,47(1):111-114.

IhER A7, X, AF . ST ARSI PID ByIR MR R ALLERT
BT [3]. 284}, 2018, 47(1):122-125, 130.

Ma Yue, Yang Ying, Liu Haibo,et al. Temperature control of mixer
granulator barrel based on variable universe fuzzy PID[J]. Plastics,
2018,47(1):122-125,130.

SRR BT A IE N2 R 4 PID (G VS HLIE R [3]. A R

& &%}, 2018, 35(6):83-86.

Dang Xia. Temperature control of injection molding machine based
on adaptive neural network PID[J]. China Synthetic'Resin and
Plastics, 2018, 35(6):83-86.

EFE, AP BT RO Y SRR R ML ) R Gk
[3]. TRESALN T, 2017, 45(7):80-85.
Wang Zijian, Li Qingchuan. Design of temperature control system
for screw extruder based on fuzzy control[J]. Engineering Plastics
Application,2017,45(7):80-85.

B RS, JKEE, 2 R TR Al 2 000 2 1y i BB LR R UL
Ptk sfems [3]. 90k}, 2019, 48(4):91-95.

Hu Yanan, Zhang Hongxing, Feng Huiping. Temperature control
strategy of injection molding machine barrel based on fuzzy neural
network[J]. Plastics,2019,48(4):91-95.

R, A B | T PR RS A i SBHLRRHFA TR EE4 oh SREm: [3].
AL T H2,2018,39(5):141-145.

Li Minghui, Yang Xingkui. Temperature control strategy of

(7]

(8]

[9]

[10]

[11]

[12]

injection molding machine barrel based on internal mold decoupling
[J]. Packaging Engineering,2018,39(5):141-145.
B, 2 W, B KL BE T S7-1200PLC YT SR ML faT T
FERRSG [J]. kY, 2019,47(12):93-98.
Hu Yanan, Li Minghui, Huo Jiaofei. Barrel temperature control
system of injection molding machine based on S7-1200PLC[J].
Plastics Science and Technology, 2019,47(12):93-98.
B, R4k . T PLC 5 fil s (B WG EE B Sh ) R 48 [J].
F 4 5315, 2018, 38(4):50-52.
Huang Peng, Zhou Yanyi. Automatic control system of bath
temperature based on PLC and touch screen[J]. Electroplating
& Pollution Control, 2018, 38(4):50-52.
WV FLEETT  XUBKBY . %58 PID $5hl 7E 87 H- 3 TH WL L 43 3R
oA [3]. P ERHEE S, 2017, 12(2):226-231.
Sui Tao, Kong Lingging, Liu Qiuhe. The application of expert PID
control“in DC speed regulatio system of the mine hoist[J]. China
Science Paper,2017,12(2):226-231.
W) Ph e, 2 i, RUHI B . 53 PID (3 S ALASHFAT Y 3 4 o 5
% []. %88}, 2015, 44(3):68-70.
Tao Ximeng, Luo Liang, Liu Zhigui. Temperature control
algorithm of injection molding machine barrel based on piecewise
PID [J]. Plastics,2015,44(3):68-70.
Pk, £ . S7T-200PLC 2 A EACbI Wit R ekt b
R [3]. Rl 22441, 2019, 46(3):554-558.
Cheng Yibin, Wang Xiangao. Design of glue supply monitoring
system based on S7-200 PLC and kingview[J]. Journal of Anhui
Agricultural University, 2019, 46(3):554-558.
B 5Kz AR . AL A ZHZUERT PID FEIBHURLE i EE 42
[J]. TRE¥HAL 2015, 43(6):65-69.
Luo Fan, Zhang Yun, Cui Shubiao. Temperature control of barrel
of regular self-organizing fuzzy PID injection molding machine[J].

Engineering Plastics Application, 2015, 43(6):65-69.


杨超




