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Planning Method of Dynamic Maintenance Service Network
for Cross-regional Agricultural Machinery
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(1. School of Mechanical Engineering, Beijing Institute of Technology, Betjing 100081, China
2. School of Mechanical Engineering, North University of China, Taiyuan 030051, China)

Abstract; Maintenance service network is built by the manufacturer to provide timely maintenance and
ensure reliable operation for machinery. It is of great strategic significance to design a reliable
maintenance service network. Especially in the “three summer” and “harvesting, ploughing and sowing”
period in agriculture, cross-region operation had become an important agricultural machinery service
mode, which bring a great challenge to the maintenance of agricultural machinery. Thus, focused on
dynamic moving and geographical distributed agricultural machinery, the joint optimization problem of the
static and dynamic service facilities location and service region districting was proposed. A novel mixed-
integer nonlinear programming model-based decision model was developed, and an effective solution
algorithm integrating linearization method and Benders decomposition was designed to determine the
location of static service stations and dynamic service vehicles. The service region districting problem was
addressed simultaneously to assign service units to these selected service stations. Finally, a real case
study in Henan Province was conducted to verify the performance of the developed mathematical model
and proposed solution algorithm. Computational results showed that the optimal number of dynamic
service vehicles was 26 and the total service costs were increased with the increase of number of dynamic
service vehicles when the number was greater than 26.
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Fig.1 Description of dynamic maintenance service network
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Fig.6  Service region districting and service stations

location in two-stage method
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Tab.2 Total costs for different value of m JG
i

m Ja Si A fs fs 21k

10 2.432 x10° 3.432 x 10°

11 2.222x10°  2.10x10° 3.322x10° 1.10x10°
12 2.103 x10°  1.18 x10°  3.303 x10° 1.80 x10*
13 2.027 x10°  7.60 x10*  3.327 x10° -2.40 x10*
14 1.956 x10°  7.20 x10*  3.356 x10° -2.80 x10*
15 1.891 x10°  6.40 x10*  3.391 x10® -3.60 x10*
16 1.822 x10°  6.90 x10*  3.422 x10® -3.10 x10*
17 1.766 x10°  5.60 x10*  3.466 x10° —4.40 x10*
18 1.722 x10°  4.40 x10*  3.522x10° -5.60 x10*
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Tab.3 Total costs for different number of vehicles
JT
A M5 FRE JUA Ak
22 2.129 x 10°
23 2. 117 x 10° 1.20 x 10*
24 2.107 x 10° 1.00 x 10*
25 2.104 x 10° 3.0x10°
26 2.103 x10° 1.0 x10°
27 2.107 x 10° -3.0x10°
28 2. 114 x10° -7.0x10°
29 2.122 x10° -9.0x10°
30 2. 132 x10° -9.0x10°
31 2.143 x 10° -1.20 x10*
32 2. 157 x10° -1.40 x10*
33 2.173 x10° -1.60 x10*
34 2. 189 x10° -1.60 x10*
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Tab.4 Analysis of contiguity constraints with different

value of m
m WA/ T B A/ T AR %
10 2.432 x10° 2.454 x10° 0.93
11 2.222 x10° 2.313 x10° 4.11
12 2.103 x 10° 2.174 x 10° 3.37
13 2.027 x10° 2.064 x10° 1.82
14 1.956 x 10° 2.050 x 10° 4.83
15 1.891 x 10° 1.938 x 10° 2.45
16 1.822 x 10° 1.837 x10° 0.85
17 1.766 x 10° 1.849 x 10° 4.68
18 1.722 x10° 1.794 x 10° 4.16
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Tab.5 Calculation time for cases with different sizes

%

n l m ! CPU_l/s CPU_2/s CPU_3/s
20 4 4 3 656 120 36
25 4 4 3 2473 220 74
50 5 6 4 6013 626 157
75 5 7 4 69 076 3142 235
100 5 8 4 TR 6576 596
125 5 10 5 To R fit 9773 2185
150 5 12 6 Jnikskim 14 334 4693
175 5 15 6  THokf 34698 8789
200 5 18 6 ToHoR il JoikoR g 11957
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