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Dynamic Material Distribution Route Planning for Digital Workshop

SUN Jun-yan, LI Jing-jing, ZHANG Yuan-yuan

(School of Mechanical and Electrical Engineering, Shaanxi University of Science and Technology, Xi'an 710021, China)

ABSTRACT: The work aims to propose a dynamic material distribution strategy aiming at the problem of inaccurate and
untimely material distribution due to uncertain material demand time in the station of digital production workshop. Firstly,
the real-time distribution station and co-working station were determined according to the station correlation degree and
change time window, and the dynamic material distribution route optimization strategy based on station sorting was de-
signed. Secondly, the mathematical model with the objective function of minimizing the total distribution cost and the
time window deviation cost was established. Finally, a combined method of system dynamics simulation and ant colony
genetic hybrid algorithm was proposed to solve the model. The simulation results showed that compared with static ma-
terial distribution optimization strategy, the proposed strategy realized the average time cost reduction rate of 30.1%, and
the average inventory reduction rate of 14.86%. The strategy can determine the distribution station and co-working station
and adjust the distribution sequence in real time according to the dynamic time window, realizing the dynamic
self-adaptive adjustment of material distribution, and reducing the total material distribution cost. The fusion algorithm
has obvious advantages in iteration number, convergence and optimal solution quality.
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Output: Material demand of each station D'
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Tab.2 Parameter settings of system dynamics model

T co/(min- A~ F; (50 A R0 S04 M/ B/~ YA N/
1 4.17 triangular(3,5,4) 52 3 72 150 3
2 11.67 uniform(7,13) 112 6 108 300 6
3 7 exponential(6,8) 48 7 125 300 6
4 6.67 uniform(5,8) 92 8 142 200 4
5 2.5 triangular(1,4,2.5) 36 4 56 100 2
6 12.5 normal(0.2,15) 153 15 216 350 7
7 13 exponential(6,13) 173 20 233 400 8
8 5 normal(0.3,5) 55 4 80 150 3
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Tab.3 Simulation results under DMDP strategy

AGV %% L& I[E]/min fidik T A7 KA AGV B BEHE/Y%
1 5.02 3,20, 16, 11, 7. 6 0 87
2 9.58 10, 26, 18, 24, 19, 22, 13 1 97
3 16.17 28, 23,25, 15, 1, 9. 10 2 99
4 2351 2.3.5,8, 12,22, 27,7 2 95
5 36.54 6,20, 19, 21, 14, 4, 17, 25 1 96
6 43.67 18, 1, 15, 23, 24, 26, 13, 28 0 86
7 52.46 2, 11, 12, 27 1 54
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Fig.9 Distribution route of the first AGV under the DMDP
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Fig.7 Cost optimization of AGV under the two strategies
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Fig.8 Line-side inventory changes at stations 1 to 7 under the two strategies
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Tab.4 Comparison of line-side inventory under the two strategies
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Fig.10 Distribution route of the first AGV under the SMDP
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Tab.5 Comparison of distribution routes under the two strategies
AGV %i'5 DMDP FCik 4% SMDP FCik 4% R TR T R
1 3—16—20—7—6—11 3—6—7—11—20—16 5
2 10—22—24—26—13—19—18 10—19—18—22—24—26—13 6
3 28—23—25—15—1—9—10 28—25—23—15—1—9—10 2
4 2—3—5—7—27—22—8—12 2—3—5—7—12—27—22—38 4
5 6—14—21—20—19—25—17—4 6—14—21—20—19—17—25—4 2
6 10—22—24—26—13—19—18 18—15—23—24—26—28—13—1 4
7 2—11—12—27 2—12—11-—-27 2
RO 2 TR THIBEM AL
Tab.6 Distribution cost comparison under two strategies
AGy 43 DMDP WhE] SMDP i i DMDP A, SMDP A, P[] B AR il /> SRS I
T kR /7T /7T /7T He/% He/%
1 287 417 600 820 31.09 26.83
2 205 300 540 608 31.73 11.18
3 332 458 700 884 27.45 20.81
4 338 537 710 944 37.11 24.79
5 325 434 704 815 25.23 13.62
6 404 563 761 1002 28.27 24.05
7 177 250 443 519 29.17 14.64
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