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Optimal control of energy efficiency for
machine tool manufacturing systems

WANG Yan, JI Zhi-cheng!
(School of 10T Engineering, Jiangnan University, Wuxi Jiangsu 214122, China)

Abstract: By considering the energy flow characteristics, we put forward an optimal control scheme for the energy
efficiency of a machine tool manufacturing system. Wireless sensors are employed to build the energy consumption network
for the manufacturing system, and an energy-efficiency communication protocol is developed to transmit the real-time
manufacturing data. With the sampled real-time data, we design the energy efficiency optimal control scheme for both the
single manufacturing machine and the comprehensive production resources. For a single manufacturing machine, the no-
load efficiency between any two stages is optimized in the control scheme. For the comprehensive production resources, a
multiple-objective optimal control scheme is developed for minimizing the manufacturing cycle, reducing the machine idle
time and improving the product quality. Since this is a discrete combinatorial optimization problem, we solve it by using
the MA-NSPSO (memetic algorithm-non-dominated sorting particle swarm optimization) algorithm, and select the most
proper energy efficiency control strategy from the Pareto solution set by using analsis hierarchy process (AHP) decision
method. Finally, the effectiveness of the proposed method is illustrated by examples and simulation.
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Fig. 1 Energy efficiency optimal control of machine tools
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Fig. 2 Deployment of energy consumption sensor network
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Fig. 3 Model of energy consumption sensor network

2.2 BEEERAERTMYU (Energy-efficiency transmi-
ssion protocol)
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Fig. 4 Transmission protocol flow of energy consumption

network based on hybrid particle swarm

3 g RFE R H(Energy efficiency
optimal control)
3.1 BHLEE TR AIEH (No-load energy
efficiency optimal control of single machine)
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Fig. 5 No-load running process of machine tools
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3.2 GEAEFRIERBIRALEE R (Energy efficiency
optimal control of comprehensive production re-
sources)
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3.2.3 MA-NSPSOL #b B #:(MA-NSPSO optimal

algorithm)
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Fig. 6 Double layer particle coding based on procedure
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324 HETAHPEH T HRAL ISR AL (AHP-
based optimal decision algorithm)
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Fig. 8 AHP hierarchical structure of multi objective decision
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Table 1 Coefficient of machine quality property
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Table 2 Procedure and machine time schedule
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Table 3 Sum of square comparison between 1000 -
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Bk CPAME
1% 20% 50% 100%

PEGASIS  5391.23 1420 1760 1912 2028
MA-NSPSO 2502.94 1891 1925 1938 1952

DA B 5 AR S B SR T R ) e B o R O
K 10f7 7.

B/ m

FEES /m
Bl 9 PEGASISHIATG BR4EH
Fig. 9 Link from PEGASIS algorithm

50 T T T T

40 2>
g 30f .
e
= 209 .
il d’
0 1 1 1 1
0 10 20 30 40 50

FEES / m
Bl 10 MA-NSPSOSL{R R
Fig. 10 Link from MA-NSPSO algorithm

B 11 A 3BT 59 s AT I TAB . T
bR BN, A SCHE H 1 e & e S0 AE Pl i 2 1458
T SR L LEACHE B K- T A41.54%,
PEGASISHIZWIEK T 0.3£5.

1 20 50 100
FETH EE A/ %
B 11 3FPELEST pArE e e b

Fig. 11 Life span comparison of three algorithm
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Table 4 Experimental value of no-load energy

saving optimization between two pro-

cedure
Zeh w2 Ptk S5 EE
g
urE: To ni P FEon THHEES
3 600 174 435 16.7%
10 1050 277 1144 58.7%
3 40 1200 302 1357 88.8%
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wo = 1.3, ¢ = 1.6, co = 1.5,
gen = 300, popsize = 50,
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Table 5 Pareto solution

BA OMEE A BAX OPEE &
Fa L T GKE|FS L TH O AKE
i)/ BRI/ 3L iE)/h R/ REL

1 60 53 0.0585( 26 61 75 0.0599
2 64 82 0.0562| 27 63 71 0.0610
3 62 57 0.0568( 28 65 64 0.0614
4 66 79 0.0565( 29 65 82 0.0575
5 59 68 0.0588| 30 69 63 0.0585
6 59 64 0.0610] 31 63 83 0.0588
7 60 85 0.0556( 32 63 85 0.0585
8 65 85 0.0565]|| 33 64 63 0.0667
9 66 63 0.0575| 34 66 62 0.0595
10 62 62 0.0592( 35 65 73 0.0602
11 62 72  0.0578( 36 66 76 0.0575
12 62 57 0.0680( 37 62 80 0.0602
13 64 59 0.0610( 38 69 85 0.0585
14 59 72 0.0610( 39 69 92  0.0578
15 63 68 0.0568( 40 63 78 0.0610
16 64 91 0.0559( 41 66 64 0.0595
17 64 60 0.0602( 42 62 68 0.0625
18 63 91 0.0562( 43 63 85 0.0592
19 64 62 0.0585| 44 63 87 0.0625
20 59 75 0.0588( 45 66 83 0.0595
21 64 87 0.0575( 46 64 82 0.0621
22 68 62 0.0592| 47 65 87 0.0625
23 60 89 0.0588( 48 67 85 0.0617
24 62 93 0.0585( 49 65 91 0.0637
25 62 67 0.0621( 50 66 88 0.0629
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Fig. 12 Gantt chart of integrated resource efficiency

optimal scheduling
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