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Scheduling optimization on hybrid flow workshop for aerospace ring
forgings based on genetic algorithm

Li Xian', Zhang Zhen', Zhou Yulong', Chen Jie', Zhou Yongsong’
(1. Jiangsu Institute, China Academy of Machinery Science & Technology Co. , Ltd., Changzhou 213100, China;
2. Beijing National Innovation Institute of Lightweight Co. , Ltd. , Beijing 100083, China)

Abstract: The production characteristics of aerospace ring forgings tend to be small batch, customized and diverse. Therefore, the hybrid
flow workshop scheduling problem in the production process was optimized and researched. Then, the optimization objective function was set
to minimize the overall completion time, the genetic algorithm with higher search ability was selected, the simulation experiment was conduc-
ted in software Matlab2019b, and the experimental results were compared with the actual production data of ring forgings to verify the effec-
tiveness and feasibility of the algorithm. The results show that the proposed scheduling optimization method based on genetic algorithm slight-
ly reduces the overall completion time compared with the traditional manual production scheduling, and improves the production efficiency by
about 10.09% , which provides a possibility to optimize the scheduling problem of hybrid flow workshop for aerospace ring forgings.
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Fig. 1 Flow chart of traditional ring forgings process
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Fig. 2 Layout diagram of hybrid flow workshop for aerospace ring forgings
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Fig. 3 Flow chart of genetic algorithm
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®1 F1HAETIHERRIFHMIFRAARE (s)
Table 1 Processing time of each workpiece in the first

group under different processes (s)

K2 F2HXIRERRIFHMIFAARE (s)
Table 2 Processing time of each workpiece in the second

group under different processes (s)

BOH EEN WL MU T
T BOM BOHL shfL eboL BEER BEER JNTHL i THL
BLT #ML2 #Hl1 L2 HL1 Hl2 K1 K2

1 135.0 135.0 62.3 62.3 66.8 66.8 120.0 120.0
2 135.0 135.0 53.2 53.2 36.7 36.7 120.0 120.0
3 135.0 135.0 70.5 70.5 65.5 65.5 120.0 120.0
4 135.0 135.0 35.6 35.6 42.1 42.1 120.0 120.0
5 135.0 135.0 46.8 46.8 55.9 55.9 120.0 120.0
6 135.0 135.0 36.4 36.4 48.3 48.3 120.0 120.0
7 135.0 135.0 95.7 95.7 52.3 52.3 120.0 120.0
8 135.0 135.0 42.5 42.5 97.6 97.6 120.0 120.0
9 135.0 135.0 36.5 36.5 53.9 53.9 120.0 120.0
10 135.0 135.0 95.7 95.7 32.8 32.8 120.0 120.0

®3 FIARIHEARTFHRMIATARE (s)
Table 3 Processing time of each workpiece in the third

group under different processes (s)

B L WAL ML T
T4 8o 8o shEL sl TR BER Tl ML
BLr HL2 #Hl1 #Hl2 HL1 M2 FR1 K2

B L EL Blm T

TAF ol ol whFL whAl BRIR BERR AL nTAL
HL1 Al2 ML Hl2 HL1 Hl2 BRI K2

1 142.2 142.2 54.3 54.3 34.2 34.2 120.0 120.0
2 142.2 142.2 46.2 46.2 52.1 52.1 120.0 120.0
3 142.2 142.2 39.3 39.3 61.3 61.3 120.0 120.0
4 142.2 142.2 49.8 49.8 39.8 39.8 120.0 120.0
5 142.2 142.2 31.1 31.1 46.8 46.8 120.0 120.0
6 142.2 142.2 62.3 62.3 97.1 97.1 120.0 120.0
7 142.2 142.2 55.7 55.7 65.9 65.9 120.0 120.0
8 142.2 142.2 115.2 115.2 83.2 83.2 120.0 120.0
9 142.2 142.2 86.4 86.4 46.3 46.3 120.0 120.0
10 142.2 142.2 52.9 52.9 29.9 29.9 120.0 120.0

1 129.9 129.9 77.6 77.6 59.7 59.7 120.0 120.0
2 129.9 129.9 36.6 36.6 46.5 46.5 120.0 120.0
3 129.9 129.9 29.8 29.8 76.6 76.6 120.0 120.0
4 129.9 129.9 56.2 56.2 45.9 45.9 120.0 120.0
5 129.9 129.9 42.3 42.3 62.8 62.8 120.0 120.0
6 129.9 129.9 96.5 96.5 109.6 109.6 120.0  120.0
7 129.9 129.9 45.3 45.3 72.6 72.6 120.0 120.0
8 129.9 129.9 28.8 28.8 42.1 42.1 120.0 120.0
9 129.9 129.9 66.7 66.7 38.4 38.4 120.0 120.0
10 129.9 129.9 49.3 49.3 46.9 46.9 120.0 120.0
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*4 F1HEBITER (s)

Table 4 Running results in the first group (s)
AU 1 2 3 4 5
HRSE TR 941.5 941.5 942.7 951.2 942.0
AU 6 7 8 9 10

BARSE T ] 947.1 946. 0 941.8 940. 6 946. 0

4, B SE T A R R ) — A A 9



%511 et ET B RIL AT AR PR 5 K 4 1 A A 201

W, BT HETE A 940. 6 s, FHEARAIN TR DL K 5%
FoyBCAn R 5 Wian (TR IE 4R 0 TR A5 B O
H) o 1~40 F7R 10 A T AL 40 RAEAL 3 I T/
GRS TRIRT S AHER 45 5, BT 30 FoRTEAR IR Y
PFEETHE T, T2 BEMTHUR | BT H &
PRI T TIP3, IF AR 26 e A fE k. b i
FEHETF A5 30,

*5 H£1HAETHEERMIGFRIEZESE
Table 5 Actual processing order and equipment allocation of

each workpiece in the first group

B L AL MU T.
T o SO eIl wRFL OBRIR BRER MTHL  mTHL
HLL ML2 #Hl1 Hl2 HL1 HL2 K1 K2

1 10 — 17 — — 24 — 25
2 — 10 — 17 23 — 30 —
3 — 26 — 35 37 — — 39
4 — 17 26 — — 31 34 —
5 — 1 3 — 7 — 8 —
6 — 3 — 10 — 15 — 21
7 17 — — 26 32 — — 33
8 1 — — 3 — 9 14 —
9 3 — 10 — 16 — 22 —
10 26 — 35 — — 38 40 —

5 2 BARLHEAT 10 YOS IIE, FF I RS R
ILRTEER 6,
F6 H2ABTER (s)

Table 6 Running results in the second group (s)

R7 F2HBETHIRMIIGRF RiEESE
Table 7 Actual processing order and equipment

allocation of each workpiece in the second group

oM L FEL HLn T
T Rl BCEL obEL wPFL O BEIR BEIF NIAL LAl
L1 Hl2 ML1 Hl2 M1 Hl2 BRI K 2

1 — 3 9 - - 15 — 17
2 — 18 27 — 32 - — 33
3 3 - — 9 16 — 22 —
4 27 —  — 3 37— — 39
5 18 —  — 27 — 31 34 —
6 — 27 35  — — 37 40 —
7 1 - — 3 — 8 14 —
8 — 1 3 — 7 - - 13
9 — 9 — 18 — 23  — 25
10 9 — 18 — 24 — 26 —
x8 HEIAEBTHER (s)

Table 8 Running results in the third group (s)
RS 1 2 3 4 5
BARSETRIE] 930.7  936.0  936.0  940.6  936.0
AU 6 7 8 9 10

ARSE T 936.0 930.7 936.0 936. 0 936. 0

R9 FIHBFTHLRMIIARF RZEFHE
Table 9 Actual processing order and equipment

allocation of each workpiece in the third group

THEREL 1 2 3 4 5
RS TR 901.0 893. 5 898. 0 893.5 894. 1
IR C 6 7 8 9 10

BARSE TR 894.1 901.0 898. 0 901.0 897.7
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1 18 — 26 — 32 — — 36
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3 — 9 — 18 — 23 — 31
4 — 26 34 — 38 — 39 —
5 — 18 — 26 — 30 33 —
6 1 — — 3 — 15 — 24
7 — 3 9 — 14 — 17 —
8 3 — — 9 — 13 — 15
9 — 1 3 — 7 — 8 —
10 26 — — 34 — 37 — 40
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Fig. 4 Genetic algorithm evolutionary curve of the first group

935

900

895 |

0 10 200 300 400 500 600
BARKH

Bl 5 52 st R i 2k

Fig. 5 Genetic algorithm evolutionary curve of the second group

970

965

o
(=X
(=}

o
Sy
w

e 58 T A)/s
o
3

945
940
935 —\—'—‘
930 ; * *
0 100 200 300 400 500 600

EAREH
K6 &3 gLtk iz

Fig. 6  Genetic algorithm evolutionary curve of the third group

JP RO T 50, JFE 2 A % 7 A A A 4 i 3R
/TiJHTJ?!ZAHTIEﬂ*ﬂ LR ], X 2 AR B R FE
INTALR 2 T, Bpn T, Ham R, AT
LR BT b 9 1) g 20 4% T4 AR AS T] T 9 T
DL AEATART T 9 H 328 A B TE 2 1 L

BPRUL, AERISEPRA R R, SRR SR
HFEE 14 10 TR T 1043.7 s, HHEJEY

P75 1 IR AR 4 IR B H AR ]
Fig. 7 Gantt chart of hybrid flow workshop scheduling in the
first group

MIHLER2 - [ [84]] [14]MERINNPI] [44]]
TR [34] [10 4] EEE] [64]
B2 - NEs1 i1 931 WHE31 [63]

g BB - IEE (331 [103723] @3]
Howlble; B2 021 B2 B2
IR A [E21 WE21 [102]/[22] [62]

B2 (o1 211 [61]
B [31]1 [101] BNERNY[41]
100 200 300 400 500 600 700 800 900

0 LI /s

&8 £ 2 ZHIRA WK ZE ) B H e R
Fig. 8 Gantt chart of hybrid flow workshop scheduling in the

second group

MTHLER2 [ (8 41 EMER] [141 [104]
AR 941 [2 4] EE] i3]
B2 - [SNEEMEL (531 [Ho 3]
£ i P31 N 1231 BIE3
Howrplzr W21 82) [E21 [52) @02
TOowAs 2 @2 22 Bk 2
BOHbL2 | 711 [31] [51]10[41]
ﬁﬁﬂlrﬂﬂ [81]1 [211[NE [01]

0 200 400 600 800 1000
I TE Rl/s

K19 %5 3 ZHIR-A IR /K 4 ) B2 H R P
Fig. 9  Gantt chart of hybrid flow workshop scheduling in the

third group
27103. 1s, 4% 7oK TR, SRS T4
9.88%; 52 4 10 A~ T AR SR IN T.75 2 1006.5 s,

WHETAT 113.0s, MEEEHAT 11.22%; %H
34010 TR SEPR N T2 1024. 8 s, TG
AT 94 1s, ROREE T249.18%, Lia1HE, F
PR A TR R0R 10.09% LA L AT 28 L K 3R
’f&ﬁﬁ{ﬁmom7J<+lEﬂ1J‘er“luﬂL/\%JrXT3éﬂ 30 S TAF

AT TRBETHA, A SChR AR = b AR b T i B T



EERNE:| =

Jef . HET AR EL AT AR FB AR 5 K 4l AL A 203

SPPRER, ARTFNRB SR, HREGZE
26 A BE AR AN R] 3 o T B 5 1 ] 8 3% LA
R TP a2k, S ARER, Rl it
AR LR 2250 4 B 25 0 R PRBCPE [R R BR &
TR ] PR BE A, SBin Tl AR A A AR B

5 %4iE

=

AR SO 25 0 R 5B AT B D 7K 2 i) ] B (1] fE
PEAT T RIE A | In] A IR DL SO A, S s
TR B bR pR B 8 R R 58 TR TR 9 de /I
PERRC R . 22X, BRI, Xz ATR
B A B A R BE I AT T R AR AR I T,
I 7E Matlab2019b 31 AFrh 47 05 BLSE 5, UERA 1%
BRI SERE NS 1 = AR PR AR, dR A R
PR A FT R ERGB A A 7= R B AT EL AT — 2 A ke
IRy A S PR A A A e AR R B R A R ROR L B
A =B TR AL T J

S 3k

(1] El, PREH, Wk, & BEEeialUEf Z ARG HK
R RmR A (1] ZHESENRM, 2022, 29 (11):
1-5.
Wang X, Chen X Y, Tao T, et al. Application of genetic algo-
rithm in hybrid flow shop scheduling of panel customized furniture
[J]. Furniture & Interior Design, 2022, 29 (11): 1-5.

(2] Zkid, 25, SUWAR, 45, RBUFMBAFEL AT IR 5 e gl
[J]. hE%EEESHEA, 2021, 56 (6): 31-37.
LiZT, LiL, Jing C N, et al. Current status and prospects of
rolling research on large ring forgings [ J]. China Foundry Machin-
ery & Technology, 2021, 56 (6). 31-37.

[3]  #MERE, X006, AE. fit=s A 3hHLHT Tied 5% A PR 14 4L
WILZ [J]. BURHE R 5% 4%, 2021, 57 (2): 140~
141.
Sun C H, Liu F, Hu N. Ring rolling process of Ti64 special sec-
tion ring forgings for aeroengine [ J]. Modern Manufacturing Tech-
nology and Equipment, 2021, 57 (2). 140-141.

(4]  skakH, SR, BEM, % KRERMEHBRASER L T2
WF5E [J]. KRR, 2019, 190 (4): 19-20, 23.
Zhang Z Y, Guo J, Li C H, et al. Research on the integral forging
process of disc ring forgings with large diameter [ J].
ing and Forging, 2019, 190 (4). 19-20, 23.

[5]  EELHIHE A ik iR B AR B K TG R R 55 0 30 4 A
[J]. &3F%T), 2019, (4):8.

China rolls world’s single heaviest and largest diameter austenitic

Heavy Cast-

stainless steel ring forgings [ J]. Economic Herald, 2019, (4): 8.
[6] #I Mk, AT, BEEIE, 55 20 SRR iR i Wt
B [J]. $INTTZ, 2018, 47 (9): 257-259.

[13]

[14]

Yang G L, Gao D S, Kang X Y, et al. Reasons analysis on brittle
fracture of tensile test bars of 20 steel ring forgings [ J]. Hot Work-
ing Technology, 2018, 47 (9): 257-259.

HAA Mok, #IR, S5 RIUEMBAT U 430 B i e
(0] iRa SR, 2017, 37 (6): 4, 6.

Xia D D, Chen B, Dong J, et al. Analysis of causes and solutions
of white spots on large ring forgings [ J]. Metallurgy and Materials,
2017, 37 (6): 4, 6.

SRR, DR, 4%, 4. 20MWIMn18Cr18N H MLy SR
T [J]. @mmT. #nT, 2016, (17): 22-23.
Zhang X D, Xie B, Zou Y, et al. 20MW1Mn18Cr18N motor
guard ring forgings manufacturing process [ J]. MW Metal Form-
ing, 2016, (17): 22-23.

PR, ERENE, REY, F. mEEENLGE (1] i
HLI ST, 2008, 25 (10): 2911-2916.

Ge J K, QiuY H, WuCM, etal. Summary of genetic algorithms
research [ J]. Application Research of Computers, 2008, 25
(10) ; 2911-2916.

kA, w3CE. Rt dtE (1]
2012, 29 (4). 1201-1206, 1210.

RPN DTS,

Ma Y J, Yun W X. Research progress of genetic algorithm [ J].
Application Research of Computers, 2012, 29 (4): 1201-1206,
1210.

Wnz, Ak, A&, % BP a Mm% & s ikiii
FRG AR I (1], P e SR, 2021, 21
(3): 128-137.

JiYY, Tian H L, Zhan P, et al. Optimizing of the amount of
spices in stewed mutton soup using BP neural network and genetic
algorithm [ J]. Journal of Chinese Institute of Food Science and
Technology, 2021, 21 (3). 128-137.

g, T, EAEE, . R TGRS FL AR
PULBEHI PID F il [J]. S5 shokzesedi. T 2R, 2021, 51
(6): 1990-1996.

Feng J X, Wang Q, Wang Y L, et al. Fuzzy PID control of ultra-
sonic motor based on improved quantum genetic algorithm [ J].
Journal of Jilin University: Engineering and Technology Edition
2021, 51 (6): 1990-1996.

2R, JT0, KBk, . FET O NTLMERE - B IS N L SR
OIS AR AR [T]. (AR, 2022, 43 (4):
282-290.

Li Y S, Wan Y, Zhang Y, et al. Path planning for warehouse ro-
bot based on the artificial bee colony-adaptive genetic algorithm
[J]. Chinese Journal of Scientific Instrument, 2022, 43 (4).
282-290.

FEERAR, kPR, TR, 5. BulEEE S FRES L 3k By 25
KBS [T]. WRIE Tolk R2g2gdlk, 2022, 54 (6):
19-27.

Tang J L, Zhang D, Wang M Y, et al. Air defense firepower task
assignment based on improved chainlike multi-population genetic
algorithm [ J]. Journal of Harbin Institute of Technology, 2022,
54 (6): 19-27.



