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Two-Way Material Distribution Path Optimization for Flexible
Manufacturing Workshops Considering Multi-Type Vehicles

XU Jin,ZHANG Shoujing* ,LIU Yueqiang
(School of Mechanical and Electrical Engineering, Xi'an Polytechnic University, Xi’an 710600, China)

Abstract ; In order to solve the problems of low utilization rate of vehicles in flexible workshop, single type of the vehicle
and reverse logistics, a two-way material distribution strategy considering multi-type vehicle cooperative distribution was
constructed. Firstly, taking the minimization of the sum of vehicle delivery cost, route transportation cost and time
penalty cost as optimization objective, the corresponding mathematical optimization model was constructed. Then an
improved genetic algorithm was designed to select the cross-mutation probability according to the individual fitness to
speed up the solution. Finally, with the help of MATLAB for example simulation, the results before and after the
algorithm improvement were compared and analyzed. The results show that the cost of multi-vehicle distribution is
252. 34 yuan lower than that of single vehicle distribution, and the cost is reduced by 3. 48% after the improved
algorithm, which verifies the feasibility and effectiveness of the model and the improved algorithm in two-way material
distribution of workshop.
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Figure 1  Multi-vehicle distribution map
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Figure 2 Coding schematic
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Figure 3  Schematic diagram of crossover operation
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Figure 4 Schematic diagram of variation operation
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Table 1  Vehicle parameters
K O/ M/% o/(km-h') C/% C/(5E-m™h)
1 550 10 1.8 150 1.0
2 700 10 1.2 180 1.1
3 1 000 10 0.9 200 1.2
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Table 2 Warehouse and workstation information

Hss

P g/t h/E Tk Ti/h T*/h
bi/m - F5/m
0 0 0 0 0 0.000 0.000 0.000
0" 20 0 0 0 0.000 0.000 0.000
1 53 35 74 11 0.164 0.220  0.204
2 59 75 114 0 0.129 0.178  0.155
3 36 55 240 55 0.106 0.148  0.136
4 38 55 78 0 0.110 0.153  0.129
5 41 75 189 40  0.114 0.163  0.151
6 31 52 92 0 0.139 0.195 0.176
7 30 71 132 22 0.133 0.183  0.161
8 12 52 104 0  0.105 0.161  0.124
9 34 52 273 0  0.141 0.198  0.179
10 46 62 146 79  0.121 0.163  0.153
11 38 71 63 17 0.140 0.188  0.169
12 40 55 154 0  0.113 0.154  0.128
13 28 75 198 0 0.108 0.155 0.138
14 36 35 129 56 0.148 0.203  0.171
15 25 71 136 43 0.128 0.178  0.155
16 30 52 188 0 0.134 0.189  0.171
17 43 45 176 53 0.150 0.205 0.178
18 43 35 80 22 0.155  0.211  0.191
19 8 82 79 30 0.075 0.124  0.103
20 43 52 178 0  0.148 0.203 0.179
21 61 82 112 0  0.131 0.180 0.163
22 40 65 124 82  0.143 0.193  0.175
23 29 55 162 0  0.104 0.146  0.140
24 31 35 94 25 0.136 0.191  0.165
25 49 35 76 12 0.161 0.216  0.200
26 14 35 57 0  0.109 0.164  0.154
27 28 71 201 42 0.130 0.180  0.165
28 36 52 270 0  0.145 0.200 0.188
29 9 75 78 42 0.078 0.126  0.104
30 37 82 64 31 0.113  0.160  0.141
31 30 75 130 74 0.110 0.158  0.123
32 42 71 122 0 0.145 0.195 0.183
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Table 3 Single delivery order recovery

compared to two-way delivery
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Table 6 Results of solving genetic algorithm

using model 3 alone
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Table 4 Results of solving genetic algorithm

using model 1 alone

LR ) A BURA/TE
1 6—23—31—31"—2
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4 8—13—19—19 * —29—29 *
5 3—3*—28 3205.14
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Table 5 Results of solving genetic algorithm

using model 2 alone

iy KR e BA T
1 32—7—7"—5—5"—17—17" —18—18 "
2 6—12—20—10—10"
3 26—8—23—9
4 14—14 " —3—3* —28 3142.47
5 24—24" —16—4—22—22" —25—25" —1—1"
6 11—11*—15—15*—27—27* —31—31 * —19—

19*—29—29"
7 21—30—30 " —13—2

KT $ERBAEERMLE

Table 7 Multi-vehicle genetic algorithm solution results
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Figure 6  Genetic algorithm for

solving evolutionary trends



(AR - 221

& #. 5 SRSEFENRETSFRNOWEIE XML - 103 -

3.2 BEEXBHETEX LS

TE b SCHFERE b, 2 — 25 R 18R Sk AT TR
Mt , 32 8 O 22 Fr BUAE b S AR 0k TR AR I 45 2R
7 6 W/ NESATRCE , BlA Hi7 2 881.69 JT., ik
PERE TS BT Z S L an P 7 P o SR T B s igt
P ORIR 7 5 BNA B R I 3. 48% , UEW] T
OB AR TR R T A T S B

4000 - = B
— HHE
8 3500
5 =

®
=

F000T T e M

0 100 200 300 400 500

BRKH

|7 EEEAE AR R A AAS H
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after improving genetic algorithm
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Table 8 Multi-vehicle improved genetic

algorithm solution results
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