5545 B55 2 WICEEE 206 D TR e R
4

2026 4F 4 H Hydrometallurgy of China Apr. 2026

Fhati b 5510 1k i ZE B0 - I ZE I A g il R B2
Bt St
X FH AR E L FE F AR

B Tl AL 5 AL TR S B FEBE  Jb At

LA R O REE MR EW

101149)

T b Al B T I TR Ak SR R U ORI AR AR B 2 B ST B Y T SR PR R B, HLAR O T e A
A% PR /NI S R A o AR 22 06 SR TR 1 PID 2  28 2405 71 R R G0 5 4R % . T S 3L
RGE AL, EFxE AR ) B, B DL OGBS  AT A ML 36 I O 6 G S B R R W 48 B Ziegler-
Nichols(Z-N) ¥ 8 AV 5 S AL B HE Z-N 3 36 F ISTE 1 W0 04 5 46 1 52 95 L I L B 0105 10 J 44k oy I 1k
HBOE RS 5 ff PID S50 E T EEAT T A AFSE 81t MATLAB 5 Simulink #5497 T 45 B 2047 . 3606 e i 7
HERN AT R # TR IE . ISR R AR TS Z-N 35, 36T ISTE i U i1 de 0 15 v 8 5 19 PT 4%
Tl #4522 IR £, 76 37 TR i B RS AR AR L OGS R R A A T A T Uk L BB O A T AR T2 U R I A K
Xof 4l 2 A Ak 2 VAL B P R BN TR R R SR R AR E AT PT S BORE E L BB A T R bR e R
FEH RGBSR T A T2 TR AR E M RN AT AR L IR AT T O TR 2 Tl o AR s R O Ak 4R it

Vol. 45 No. 2(Sum. 206)

2%,

SR BRAR < AL AL B 0 PR 5 BE WAL B s /N B 5 PID 280808 U5 i 5 F SR R 425 LAk s et

FE4ES TL212;TDS6S Xt ARIRAD A
DOI:10. 13355/j. cnki. sfyj. 2026. 02. 016

FE G200 2R 7 R b s 7 AR 22 i B
AL 55 T TN 1R 5 AT LA IR e i BV PR R 17
T i R I RV L R R R B K PR R
WRAE R o by BT 33 0 O YA v )l A A M G
SR 3E AT R R R R R B R Uk 5 A T
J7 AR B A RS AR 8 S A LR ek VR
FTrP R, 2205 5 R A 7 O 5 0 R b v T
S R WA TR I BB, SR HE TR U8, UE TR A AF
2 DR DE DRV AR DR HE BT R G DA K BR
DBP.MBP 484 HL4Y) 5 B il 5 7K AH i A2 50 4%
WSO 5 A6 TV 5 A% TR 7 22 00 i A% TROR o i
A I B 28 A LA 8 5 A B Uk Ak D i s e 4t
JE L VR UK R (8] 26 Ji W R 5 67 488 BILAE AE IR 2%
P HEAT SRR B, Al 2 E A KA AR 2% 30 HLAH
BT ANE (X 78 N v S K @V i R Y 7
Uk B PR o AR Ak IR A 2 B Ak B Y Bl & DBP.
MBP %54 5 o B U6 8 190 FH o 2 Uk 2k A 1R v A

5 B #1:2025-12-16 ; 1&1T H #1 :2026-01-08

NXEHS:1009-2617(2026)02-0256-08

B % BT RS AR MR E L R Wk VR WD O AT L
ARMBEFTRA 7T, ERBEAD IR — W
ZANRITTHWHRAMNEL RS, HEANWE T
W ST 0N R LR AT RS A 2
YeF5 A RGBT 1 G B

e 451l-F2 43~ 1343 (Proportional-integral-deriv-
ative, PID) #4il 55 A R L5 44 a7 2 L FH O fi L 7
Tk A5 203z B, B T2 95 Y0 fY 4 il ] 2% ok
F PID #ifil £ ARD . PID 2 Bk RE 4 h 1k
oo FH R 7 1 SR w1 2O IR O 1 T
HiE RS S .

fege Jy i g v W AR O iR s, 2 —Fh
LT S2 A PID £ il 28 S 808 € k. mIE AR
T ZR G0 0K B B A A T 3 ik R O o
BAHINEGE N PID S8 E . HRAZEX L
IR BLAE IR R G4 A I N i AT AR, S
2 E R =N B Y (R AN 92

E—EEB A TN 1999 B A, B3 TR . 32 BRSO m oA Il A 3k R fE Bk
BEEEE A ALEE Q977 0 AR E R TR, O T5 3 A 1 [ 31 & A7 Bk,



545 B 2 TG AF AR AL R WA G ORI A sk R e vt S - 257 -

RGN FE BT, AR AR ) 48
DA OGS 5 5 A DL i % 427 Sy 428 1 % 52 1 N7 8K
AT, R G XT H T & B Ziegler-Nichols (Z-N)
Bl E SO BLR BdE Z-N 3k 3 T ISTE
A NOR Y SERs N (R T A K P D& A 2
b B R E VL X 5 Bl PID 2 808 E 5 1% 1 G Bk
38 i MATLAB 5 Simulink #F 47 {5 B 8 58
FEB B AR Oy ik B T B AT R 8 0, DAY
e Al H &AL PID S 5082 ik 15 8 5
JE TSR PID 248, 48 B A T2 #E i f
P 0] FEPE

1 PID S¥ETEEHITLE

PID S 508 7 J5 1 W] 43 Ay B S8 0 4080 358 1 28
Z-N 3k 5 S L 4 o 3 R B 328 PID 2 80
ik it Z-N ¥k R e vk S ki R st B R
SE R R PID 2505 8 I e,

1.1 Z-N3%

Z-N & —Fh 2 85 PID 5 1 #% = 80 4%
F ¥, 1 John G. Ziegler Fl Nathaniel B. Nichols
TE 1940 FFACHR I, B 75 $2 t — b 7 B 1y T
Bro R AT LA S BR A A5 6 G2 Bl A R Y I
S B 5 Nyquist [ 2R 258 B 5 52 Bl i) A 467
M3 5 K, MR o ¥t PID #8280, Z-N
A0 P A 22 0 6F B B £ R B e iz D 1/4 /4 i
P LU, A5 3 JE I T A5 RS 25 R0 R A ] R Y
PID 2508 e B

e e R R I TG S B R e i, B
RGP A MBI TREMRET A RS
— A ERAG T e i 3R g i o 1l £ Gn & 1
Fim. vy RWRGER B¢ Rt

FE 0 R h 2 L U0 2R R R OT IR
E I A IR D E B BR & 2R B S Y i
() «CHER B (8], DL K MNiZ i B 3R 40 i 3k 3]
HF & RS 0 mF ) T CRf ) % %0 . 4
h S AL bR Bl 4k, X 4 A% b oA B T O
ke,

G(s) = Tfil e (1)
K — y(OO);y(O) (2)

X K—OR R B r— B BR AR 5 iR s s— P

EIVR: TRt =

»(0)

B 1 By ER I R 2%

Fig. 1 Step response curve

B A LA ok R RS E 1B AT — BLI 1]
PR R G A A — B BRI 3 OF R R A
AR WU BT IR E SRR AR e Y
A HILAR i 28 2R 9 U S R PR D AR E IR A L iE
iz B b R RO A2 Al IR 2 i B Bk 1 pth 2
TR LR i 32 2 U £ B A ) ) AR A L LR 1
ARG 1 B 22 1 5% A DL ik 5 B Bk o )3 ity
L, miE 2 R

1 AFVEAERTERMEAHNTLER
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Table 3 PID controller parameters for setpoint response
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Fig.5 Simulated response curve of lean organic phase

transfer pump under optimal tuning method
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Design and Optimization of an Automated Control System for Extraction-Stripping in

Uranium Purification and Conversion Waste Liquid
GUAN Yupeng, WU Xianyu, HOU Lu, HOU Jiang,JIN Hongjun,ZHAO Lianxi, WU Yuna

(Beijing Research Institute of Chemical Engineering and Metallurgy ,CNNC,
Beijing 101149,China)

Abstract: The treatment process of uranium purification and conversion waste liquid involves a
continuous circulation system composed of neutralization, extraction, stripping and other units. Its
stability is highly dependent on the precise control of small flow in each link,and it is easy to cause
system overshoot and oscillation when the parameters of PID controller are adjusted by trial and error
method based on experience, which leads to system disorder. In view of the above problems, it is
proposed to establish a mathematical model with the key equipment * lean organic phase pump “ as the
control object. Five kinds of PID parameter tuning methods, such as classical Ziegler-Nichols (Z-N)
method, improved Z-N method with set point weighting, optimal setting method based on ISTE
criterion,critical proportional zone method and relay feedback self-tuning method, are compared and
studied. The simulation analysis is carried out by MATLAB and Simulink,and the optimal method is
applied to the field for experimental verification. The test results show that compared with the
traditional Z-N method, the PI controller based on the optimal setting method based on the ISTE
criterion performs best. When the field flow step changes,its key performance indicators are better
than other methods, which can fully meet the strict requirements of the process flow. For the small
flow control system in the treatment of uranium purification and conversion waste liquid, this method
is used to adjust the PI parameters, which can effectively suppress overshoot, speed up response and
ensure accuracy,and significantly improve the stability and reliability of the whole process. This study
can provide a reference for the controller optimization of similar industrial processes.
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