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Energy consumption scheduling in flow shop based on ultra-low idle state
of numerical control machine tools

WANG Li-ming®, LIU Xin-yue, LI Fang-yi, LI Jian-feng, KONG Lin

(1. School of Mechanical Engineering, Shandong University, Ji’nan 250061, China; 2. Key Laboratory of High
Efficiency and Clean Mechanical Manufacture of Ministry of Education, Shandong University, Ji’nan 250061, China)

Abstract: In order to reduce the energy consumption of the flow shop, an ultra-low idle state of the numerical control (NC)
machine tools is introduced. Compared with the research on converting the idle state into the shutdown state, the ultra-low
idle state can reduce the idle power without stopping the machine and avoiding frequent stopping the numerical control
machine tools. A hybrid genetic algorithm based on process translation is proposed to solve the ternary scheduling problem
in the flow shop considering the processing state, standby state and ultra-low idle state. The hybrid genetic algorithm
defines different process neighborhood movement operations, and realizes the transformation of the NC machine tool
from the standby state to the ultra-low idle state or off state. The hybrid genetic algorithm forms an active energy
saving scheduling strategy and improves the optimization ability of the genetic algorithm to solve the flow shop energy
consumption scheduling problem considering the ultra-low idle state. The experimental results show that the ultra-low
idle state can effectively reduce energy consumption of the flow shop by 10%. The performance of the hybrid genetic
algorithm is better than that of the genetic algorithm in solving flow shop energy saving scheduling problems considering
the ultra-low idle state.
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Yet M3 5.3 5.6 6.9 5.7 5.2 3.6 2.8 0.7 29
B fL M 3.0 3.0 4.1 3.1 43 4.1 3.2 0.4 3.0
EEHI M® 4.1 4.6 5.8 6.0 52 3.6 3.0 0.8 2.1

4.2 LIIEER

B RZ Z A9, A SC W TE S 56 0] #4330 9 1) ]
1 (2 states): SR AL /K 4E 7] BEFE VR B Il L, ] RIS %5 1&
BUARIN TARS FAF HLARES; 2) M A 2 (3 states): 3K i
2 FEBARA MRS IR 7K 2 1] B R 1 2 1 A, ) 5
FREAURIN TR FRVLURE AR IURES. &

45 B0k B R LR R 100 A, B KGR AR IR BN
120, 22 SUHE 204 0.5, 78 S5 M 26 9 0.1, 38 B R
LS Hn = 3, BIMB N4 AT HSLRALE
Matlab R2014a P& 55~ #F47, HLIKAC & 41 F: 16 GB
RAM/Intel(R) Core(TM)i7-7500U CPU @ 2.70 GHz
2.90 GHz/Windows 10 #:1F R 4.
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43 KGR
431 241

R T B SRV SR i S SR A1, ) KA 4 ) R
5%5+ 10x5+ 15x5. 20x5. 30x5Hf150x5F]2 states
13 states 7 B ], DLSGUE AR AR MR ZS 10715 BE 2L
S DR S50 i P 2 B B AR AR ATLIR 25 1) 739 e v
73, W AR SR AR B A 25 FRAE VPN FR bR, BEAN 1)
FEUK i 20 UK, BUBRAAE. Bryesy, S AU S R INFR 3 it
7, Hor

(Fhest Of 2 states — Fhegt) of 3 states

ESC =
Fpest of 2 states
#+z3 IWIHEMRKER
GA
lnpong sl ESC
FEpest of 2 states Fhest of 3 states (%)
(kW -min) (kW -min)
5x5 563.51 491.34 12.81
10x5 1192.06 996.21 16.43
15%5 1820.61 1506.57 17.25
20x5 2449.16 2013.70 17.78
30%5 3706.26 3041.70 17.93
50%5 6220.46 5090.51 18.17

HH S50 45 SR AT 0, HLPK 3 AR A AR AS e 8 1%
IR K ZE 1] 10 %0 LA 1 (1) BEAE, HLBH A ) 850 R0 A5 1) 18
o, JE B AR A MR S 11 BB FE B (K 28 ESC K, T g
WES IS
432 L2

BT L7 P8 IR & 18 4% 5% (hybrid  genetic
algorithm, HGA) M8 1% 5035 (GA) K fif 52 46 S 451, 1)
FEHRAE S 5 N 5% 5. 10x5. 15x5. 20x5. 30x5 fll
50x5 13 states REFE I L 0] &L A XF bb 9 A ARV K i
2 B HLIRAS 17K 42 (5] REFE R 2 1) RELPE R, 5
N AT S 50 4 b 38 R 5 (1) 301 0 ] B e B0
S ISR N PN FB AR, BEAS ] R A 20 1K,
IREREIIE Bove TSR BUNE ENG,y g, A0
ZERUFR AT,

*4 TH2HEMUER

HGA GA
] B A )

I R Epestof 3 states ENGayvg Epestof 2 states ENGayg

(KW -min) (1% (kW -min) (&

5%5 459.57 53 491.34 5.9

10x5 920.34 9.9 997.10 10.5

15%5 1381.11 20.1 1507.61 22.3

20%x5 1840.68 332 2019.15 36.5

305 2762.22 51.5 3042.05 55.8

505 4604.10 77.6 5089.13 82.6

HH 2 4 R] DL, AR SCHR Y VR A T8 A% VR SR AR 3
states REFE VA FF 1) P BB IR B AR T 3 A% B, TR Gt
A BR03 SR A A5 USSR B 10 /L (1) B, 350708 T 38R B
%, HUSPER T8 k.

433 ER3

RSB 105 (1) 5258 S 49, = T8 4% Bk
fife 2 states In] @ JE T8 L IR SKR A 3 states 7] FUR &
TR GG F R A 3 states 7] 31 3 2047 ELS2 56, R4
IV R A 20 I, BURAE. Fest, B AL EE RANK 5
Fi7.

w5 TLWIHEMHER kW-min
Ebest
GA+2 states GA+3 states HGA+3 states
SSLRERE 1192.06 996.21 920.34
I TRekE 914.34 914.34 914.34
0L IRIRE Re #E 271.72 81.871 5.01

FH 3R 5 ] A0, 67K 25 18] 4 0 T e FE4E 2 AN AR,
T 1) o R AR 2 B U BE T R S RE AR I B IR R X
Et GA+2 states 5256 1 GA+3  states 5256 [ i L 7]
K& A #E 7T 20, 5 F B IR AR AL AR 25 RE 9% BRI 42 18] £
70.52 %o ) i T 1) B fE #E. X bk GA4-3 states 5246 ATl
HGA+3 states 5256 171 1 [8] B BEFERT %0, 2 T L7 -F
0 GA BHIEREWE 3 — P BRI 2 7] 27.68 %o 1
TLIRIFE BEFE, AT R B AR SCHR HE 1 28T TP~ RE 1
e S A2 A R,

1 6 7 3 2045 . S g A0 8 B2 7 8 H e IR, L
AT 195 N NYRI NS, A T2 % 5N
N2FINT A T3 1905 9 N3 FI NS A T AR 4
95 9 N4FINO  PRAS A5 4 5 o N° TN 1O,

HH 1 6(b) FI UL, JE FH B AR AR AT LPR S w48 1 ] o
REFEFEAR. & 6(c) I LIRIBEHIRZS A8 ik N AR ALAR
BAUSHURE, K L REREE — 25 FRIK.

6(d) #2 &l 6(b) H1 &l 6(c) it 7~ i 52 777 58 1) S I
DhEeh 6, 1% M 28 s Bt 1 /K 28 [ SR e FE 7R oK. 5
GA SRR T EA L, HGA SR 7 R REFE T R A W1
I O AL TRURE I TA) AT T BRFE 7 SRS, TR I [ 5
RERE TR SRR, A Rl o F 7% SR B 5. Tl A
AT V28 20 B A, BALL AR 28 ok fE R 8, FH
e U | ARG ) B FELAN 2 JE At FELANY B TRV 50 Yo, AR I
BRI BTF70 %o, SERRAE P2k R v, Y H 0 B 22 HE
HGA KA 75 Z 01 BRI AT 5%, mT B AR 28 18] A L 75 oK,
AT BAEAER FH FE AR
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£ ow 161 o o GuEl oo 6 o
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w| o I O o 6 N o
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(b) GA+3 states I/t i £ 77 2 H e I
e 0% G750 [l o 0 o™ o
m ook oo oo | go* 0%
$ M3 -053 043 093
Ml 061 041
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t /min
(c) HGA-+3 states S DL 7 R H
20+ —— GA+3states
- = HGA+ 3 states
Z
=
L
0 i i 1 1 i
0 20 40 60 80 100
t /min
(d) Ry RS ThE il 2
Be HMBAERR
5 & # fife 2 R R AS WLARAS IR /K 22 1) 1 B o) /AR AL e

73, B W, IR A AR A LR 2 R B AR K 42

ARG TR HURAS, DASEBA S8 4
R HIBLR S BL T BEARAF LI . 410 5 FE AR A5 L
REHIFK G R T = eI BERR, S 7 LR D)
FRE I LUl BT T T TR TR R
A S, 0 R ST A R D AR IS sh R AT,
FEANFEK 58 T (8] 29 50T, S BB HLR A AR 2
B R AL RSN 0 F 1k, ST EAL B2k

I8 fE FE AR B S5, HLE T TR~ 4% 05 e SR, RE W%
KIS AR A LIRS A LIRS (#2422t
— P AR 4[] BEFE, X TARESERr A BRI 455 &
X

FARAFHUIRZS B AT A — L8 il R A0 — Pt
7T JA B A HUIRZS 5 RE 8 78 70 R B LR fE
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