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Abstract: Based on the actual requirements of wartime equipment maintenance 

support, this paper proposes a wartime two-stage spare parts joint transportation 

model based on FCM clustering algorithm, which is how to transport the allocated spare 

parts to the equipment team in time. At the same time, three joint delivery 

performance indicators of total vehicle residual capacity, average waiting time and 

longest waiting time are constructed in the model, and the corresponding solution 

method is designed to quickly formulate the joint transportation plan. 
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1. Introduction 

The distribution and transportation efficiency of wartime spare parts directly affects the 

actual effect of equipment battlefield repair. Because of the unpredictability and 

real-time dynamic variability of wartime factors, wartime equipment organs are difficult 

to dynamically adjust in real time according to actual wartime conditions. Therefore, 

the result of spare parts supply allocation is often not guaranteed to be effective in real 

time. The choice of transportation path of spare parts is often affected by many factors 

in wartime, such as the damage of key transportation roads and the insufficient 

quantity of warehouses, which brings many substantive problems to the 

decision-making planning of wartime spare parts transportation. In summary, the 

distribution and transportation of spare parts supply in wartime is always a type of 

decision-making problem that equipment support agencies need to focus on. [1] 

In order to solve the above problems, we propose a two-stage wartime spare parts 

joint transportation model based on the clustering model algorithm. The model can be 

divided into two sub-models. The first sub-model mainly uses the fuzzy C-clustering 

(FCM)-based method [2] to solve the choice of wartime tactical-level spare parts 
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warehouse and the corresponding equipment division problem, thus constructing the 

land. Spare parts transportation model in airborne mode. The second sub-model 

mainly constructs the spare part transportation route optimization model, which can 

solve the specific transportation route problem of each tactical-level spare parts 

warehouse to each used equipment team [3]. Finally, the numerical simulation 

verification calculation is given to prove the effective applicability of the model. 

 

2. Mathematical model construction 

The specific decision-making problems solved in this chapter are shown in Fig 1. During 

the wartime equipment spare parts guarantee process, there are a total of n installation 

teams. In order to meet the operational requirements of the wartime equipment team 

in a timely and effective manner, the equipment support department establishes M 

tactical warehouses provide spare parts support for each equipment team. In order to 

transport spare parts to the equipment fleet as soon as possible, the equipment 

support department intends to use the armed transport helicopter to transport the 

spare parts in the rear battle-level warehouse to the front tactical-level warehouse. [4] 

However, because the number of transport helicopters is limited and the operational 

units of the various units are complex, it is difficult to send all helicopters to transport 

spare parts directly to the equipment team. Therefore, the transportation mode of land 

and air transportation is adopted, and the spare parts of the tactical warehouse are 

directly transported to the respective equipment units by using the automobile.  

The model symbols are defined as follows: n is the number of warfare spare parts 

demanding detachment; jA indicates the first detachment, =[A ,A ]x y

j j jA   indicating 

the coordinate value of the detachment in the model; iC  indicating the tactical 

warehouse , i i i=[C ,C ]x yC 
 represents the coordinate value of the tactical warehouse in 

the model. 

The tactical-level warehouse location problem in the model can be seen as determining 

a set of cluster centers based on the given coordinate values of all the installed units, 

so that the total distance of the assembly team to the center point contained in the 

center is the smallest. The traditional Hard C-Means algorithm [86] requires that each 

data point (the use of the team coordinates) can only belong to a unique set of central 

points, while the Fuzzy C-Means algorithm allows the data points to be included in 

different membership degrees. In the set of center points of different coordinates. 

Therefore, if iju  indicates that the subassembly jA  belongs to the tactical warehouse 

iC ,and 0 1iju  , then there are: 

1

1, 1,2,...,
m

ij

i

u j n
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According to Bezdek [5], the model objective function can be constructed as: 
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Then it can be concluded that the objective function of the model is: 
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In order to get the minimum value of the formula (3), it is derived: 
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By solving the above formula, we can get the membership degree of all the equipment 

and each tactical warehouse and the selected tactical warehouse coordinate position: 
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Fig. 1 Wartime spare parts land and air transport mode 

 

3. Calculation experiment 

3.1 Tactical-level warehouse selection results 

In order to analyze the given tactical-level warehouse selection and the model of the 
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divisional division model, the article first gives the specific data when the number of 

tactical warehouses is equal to 4. The randomly generated 60 pieces of assembly data 

are input into the model. After 43 iterations of FCM algorithm, the algorithm obtains the 

optimal solution, and its objective function value reaches 62411.0547. The actual 

tactical-level warehouse location coordinates and the corresponding use-package 

division results are shown in Figure 2. The 60 detachment teams and their 

corresponding tactical-level warehouses are matched by different colors and signs. At 

the same time, according to the FCM algorithm design, this paper also calculates the 

FCM algorithm results under other tactical warehouses. Figure 3 shows the algorithm 

results. 

 

Fig. 2 Tactical-level warehouse selection and division of the use of the team 

 

Fig. 3 function (3) values for different tactical warehouses 

 

3.2 Spare parts for air and land transportation route optimization results 

After determining the coordinate position of the tactical warehouse and the installed 

equipment, the basic spare parts air and air transportation network is obtained. This 

section uses CPLEX software to implement the algorithm, and finally determines the 

specific transportation route. By comparing the results of different tactical warehouses, 

vehicle capacity and transport helicopter speed, the impact of these factors on the 

performance of the intermodal transport is analyzed. In the actual software setup, the 

maximum computing time is set to 60 minutes, and each transport helicopter is only 

responsible for the spare parts supply of one tactical warehouse, regardless of the time 
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of carrying the spare parts on the helicopter. For the generality of the model 

assumptions, the speed and efficiency impairment factor of the transport vehicle are 

both set to 1, so each tactical warehouse has the same transport time and distance to 

its covered fleet. 

In order to compare the impact of different levels of tactical warehouse settings on the 

performance of the combined transportation model, this paper presents the spare parts 

transportation route when m=4 and m=5, as shown in Figure 4. The dotted line and 

the solid line on the way indicate the transportation route of the transport helicopter 

and the car respectively.  

 
(a) 2m                                               (b) 4m   

Fig. 4 Spare parts intermodal route with m=4 and m=5 

 

4. Conclusion 

The conclusions are as follows: 

(1) With the increasing number of tactical-level warehouses set up, the value of the 

model decision function (3) is getting smaller and smaller, which means that as the 

number of tactical-level warehouses is increased, each component team is attached to 

it. The total distance of the tactical warehouse will continue to decrease. 

(2) With the increasing number of tactical-level warehouse settings, the reduction of 

the target decision function value is getting smaller and smaller. When it reaches 60, 

the total distance between the tactical-level warehouse and the equipment assembly 

team reaches 0, as shown in Figure 4. Show. 

(3) As can be seen from Figure 4, the number of iterations of the FCM algorithm does 

not show a significant correlation in mathematics under the number of tactical-level 

warehouses, which means that when the number of tactical-level warehouses is 

increased, Does not increase the model solving time. At the same time, it should be 

noted that in all the calculation results given, the longest operation result is only 5.61 

seconds, which also proves the rapidity of the model algorithm and can optimize the 

spare part transportation route under wartime emergency conditions. Provide an 

optimization decision result. 
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