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Fig.1 Block diagram of NSGA —1II algorithm
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Table 1 Results of grey correlation analysis
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Table 2 Selected real data from the daily table for

one week’s production in tank 2101

UN  T/C  ty/s hy/mm h/mm 1, a/kg
3.969 947 40 285 180 2.44 2970
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3.936 948 36 290 180 2.6 2950
3.971 947 40 285 180 2.44 3020
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3.961 947 40 290 170 2.64 3020

2.3 fRULBIREH
2.3.1  HRHFRSCER

ARG A L E 1, AL o R S BRAE )™
otk ¢ SENEAE A o IHE, 2 SO(T) .

n=-"Lx100% = x 100% (7)
q

0. 33q5 6l
H1:0. 335 6 KR HLALAE 2 i T R RYHLIR
SREE KA ¢ FRoR AT H A b
R EARSE S, AR R U R IR T,
TRHEBE tp JRAKOE by, RAEKE b, T H T,
FHRAR AL ¢ TEN . KRR » # e i Mb
RLRACE F,, W(8) o
min F, =1 -9(U,T, ,tys, b, 0. ,r0,q9) (8)
2.3.2 H/NisERe
WA RERE W 3E H FHAESA 8 AN ¢ R b i 1
S AR AR T AE Y EL U B FE (KW -h) R FROR,
W=(9) .
_ 0T g0k U (9
0. 335 6110 n
M (9) AT ISR 2, BEFE S5 v R A IE L,
SRR AU . — R SE R T R R N
Pk B, HA R N PR T BEAIR 9 K-,
JRUAE M e 3 3 4 6 AW ] B 8 T A E , REAE &
REEAG , AF 2208 v, AR 0 B AR B BT, BB G i T 23 484
TR o SR PR Ay 2 B g /N B A, 2 S R AR Y



c12 . v EH A & 5 4 BETZ

TR SN, 5 B SRR AR, DA T A I REAE
1, R R T AR REAEAS — 7 D, T PR 2 1Y
FREE Nt S/ MEIEERRERE F,, W= (10) .
min F, =W(U,T, ,txg,h, ,h.,r.,q) (10)

2.4 HREH

TEW L T AT YR A [,y 1 R IE™ b
Jo A PR 4 IR T BN T2 S5 AT — R R
HIFNZI, BoE Bk 7 ADSEY ERFIT R, DL £
T2 R R PR AT S, W (1)
3.9sU<4.0(V)
945<T, <955(C)
30 <ity;, <40(s)
s.1.4250<h,, <295(mm) (11)
170<h,<190( mm)
2.4<r, <3

2910<q<3030(kg)

3 LERAR

TESERR T, (] MATLAB Z fi2i 5 A B4
PRI RS L 5 35 2 84 Ho il Rl 23 S Il 2
5 IR AR L S ER , A5 Bt NSGA - 1T 5k Y
PALTT S — G LIl T, AR i R Rl ok
8. BOESk SRABE WAL 3.

—=—SCBR{E
—o— BUANSCA- TS BEARALAE

&3 Ul NSCA - RAS M E
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Fig.5 Optimisation of energy consumption per tonne of aluminium with different algorithms
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Table 4 30 sets of validation parameter data

¥ UV T/C /s hy/mm h/mmoor, g/kg

ML %
£

1 3952 954 35 290 170 2.58 2970 o B HENSCA-TIE
2 3955 955 40 285 180 2.58 2990 A —o— fHENSCA-TI
33963 955 40 280 190 2.58 3030 /
4 3965 955 30 295 180  2.48 2980 0740 80 120 160 200 240 280 320
ERUER
5 3.948 954 38 280 180 2.48 3020 (&) HL AR
6 3.985 952 33 290 180 2.48 3030 12810r
1278019
73997 953 40 250 190 2.48 3020 127501
8 3915 950 36 290 190 2.6 2980 g 2100
é 12 6601 —— Ej(i‘#NSGA-H%‘Hj
9 398 953 30 285 190 2.48 3000 Z 12660¢ FEBENSCA I
10 3.945 955 35 280 180 2.48 2970 £12600f
E125700
11 3972 950 40 285 180 2,48 3028 g 12540}
12510¢
12 3.960 951 32 280 190 2.52 2990 e )
13 3.964 951 40 260 180 2.52 3030 1z s P O0004.4-0-+- 200000
40 80 120 160 200 240 280 320
14 3.95 947 40 250 170 2.52 3020 e
EARREL
15 3.958 954 38 270 170 2.52 2974 (b) Mi4RAE
16 3.955 950 40 290 170 2.52 3011 B 6 AR sl
17 3.982 955 34 280 180 2.6 3000 . ) .
Fig.6 Convergence curves of different algorithms
18 3.951 951 31 290 180 2.58 3014
19 3.958 951 33 250 190 2.58 2987 12 800 -
20 3.978 950 40 285 170 2.58 3008 b
21 3.904 953 38 260 190 2.6 2990 _ 126001  *BGENSGA-IIE R F
i 4 I *
22 3959 955 38 250 180 2.6 3012 = * HRENSCA-TIFR: . 5
< #
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99 g
qm &
24 3996 954 30 290 190 2.58 3010 & I
25 3.908 955 37 285 180 2.5 2995 = 12200f i
e
26 3.99 955 36 270 190 2.6 3020 -
*
27 3.98 953 35 270 180 252 3028 e
92.0 92.5 93.0 93.5 94.0 94.5 95.0 95.5 96.0 96.5
28 3.986 952 39 285 170 2.52 3022 FL A %
29 3.982 953 35 260 170 2.52 3025 SR ISR
B7 AR Pareto HiT
30 3.981 954 37 295 190 3.52 3018

Fig.7 Pareto frontiers of different algorithms
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NSGA -11 B350 h 95. 35% , Miritk NSGA - 11 &3k 12 446. 65 kWh, Pl 38 e R 45 5y 12 424. 54 kWh,

RS PIREES ISR

Table 5 Optimisation results of the parameters of the two algorithms

=873 0/ % W/kW +h u/v T,/C Ixg/s h,,/mm h./mm ' q/kg
f£45 NSGA -11 3 95.35 12 446. 65 3.983 945 40 290 180 2.6 3040
Pk NSGA =11 5.3 95. 66 12 424. 54 3.988 948 40 290 190 2.56 3080
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Optimisation of aluminium electrolysis process parameters
based on improved NSGA -1I algorithm
YE Jiao', XU Yang', CAO Bin’
(1. College of Big Data and Information Engineering, Guizhou University, Guiyang 550025, China;
2. Chalco Intelligent Technology Development Co. , Ltd. , Hangzhou 311100, China)

Abstract; To improve the utilization efficiency of electric energy and reduce the energy consumption of aluminium
electrolysis, according to the real production data of an aluminium plant in Guizhou, the optimization model of
aluminium electrolysis process parameters was constructed with the multi-objective of maximum current efficiency
and minimum tonne of aluminium energy consumption by using the grey correlation analysis method to select the
seven parameterswith significant impact, including cell voltage (U), electrolysis temperature (7)), feed interval
(tyg) , aluminium level (h,, ), electrolyte level (h,), molecular ratio (r, ) and out aluminum (¢). The improved
Non-dominated Sorting Genetic Algorithm (NSGA -I1) was used to compare and analyse the differences between 60
sets of actual values and the theoretical values of the traditionaland improved NSGA -1I algorithm, the performance
of the algorithm was verified using 30 sets of actual production data, and the Pareto front was obtained by iterative
calculations using MATLAB software. The results show that the optimal set of current efficiency of the improved
NSGA —1I algorithm is 95. 66% , and the energy consumption of tonnes of aluminium is 12 424. 54 kW -h; compared
with the traditional NSGA -1I algorithm, the current efficiency is improved by 0. 31% , and the energy consumption
of tonnes aluminium is reduced by 22. 11 kW - h, which achieves the effect of energy saving and consumption
reduction, and verifies the effectiveness and applicability of the improved NSGA —1I algorithm in improving the
optimization of the process parameters of aluminium electrolysis. It verifies the effectiveness and applicability of the
improved NSGA —1I algorithm in improving the optimization of aluminium electrolysis process parameters, and can
provide reference suggestions for the optimization of aluminium electrolysis energy saving and production design.

Key words; aluminium electrolysis; energy saving and noise reduction; process parameters optimization ; improved
NSGA —1I algorithm; maximum current efficiency; minimum tonne of aluminium energy; grey correlation analysis;

restraint condition



