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Abstract: With the continuous growth of its high-tech and intelligent industries and the 

continuous improvement of its population quality, China has become the largest 

manufacturing country. However, while developing, we should also recognize that the 

changing situation is a challenge. In the current era of intelligent development, China's 

MME need to change flexibly according to their own enterprise development situation in 

order to maintain strong competitiveness, quickly adapt to market demand and accelerate 

their intelligent development. The main purpose of this paper is to study workshop motion 

simulation (WMS) based on power mechanical engineering. This paper analyzes the 

characteristics of mechanical manufacturing (MM) enterprises, analyzes the concept and 

construction steps of AHP, and studies the optimization strategy of equipment system. 

Experiments show that MME should focus on analyzing the use of equipment in the 

factory, improve the utilization rate of equipment within a reasonable range, control 

equipment failures and maintenance processes, reduce the corresponding failure 

maintenance time, and make full use of equipment and other resources to achieve the 

ultimate goal of improving production efficiency. 

1. Introduction 

With the continuous development of global machinery manufacturing enterprises (MME) 

towards intelligence and efficiency, the advantage of low-cost production and manufacturing 

relying on labor has obviously faded. Therefore, China's MME must be based on the current market 

situation and the global competitive environment, and start from their own actual production 

situation, reduce the waste of resources, improve the production efficiency of enterprises, improve 

the economic efficiency of enterprises, and greatly improve the production efficiency, Maintain its 

long-term business capability [1-2]. 

In relevant research, Asadi et al. mentioned that the motion simulation platform (MSP) is widely 
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used to generate driving/flight motion sense for users [3]. Due to the dynamic and physical 

limitations of the active joints of the motion platform and the physical limitations of the passive 

joints, the working area of the MSP is limited. Therefore, an adaptive flushing filter (WF) was 

developed to take into account the human vestibular system and improve the efficiency of the 

method using time-varying filters. Kamalapurkar et al. mentioned that the goal of motion 

tomography is to restore the description of the vector flow field using the measured values along the 

trajectory of the sensor unit [4]. A predictor corrector algorithm is developed to recover the vector 

flow field from the trajectory data using the occupation kernel. The initial estimate is established, 

and then under mild assumptions, such as the trajectory of the relative straight line, the convergence 

is proved by using the contraction mapping theorem. 

At present, the overall development of domestic MME in China shows a trend of horizontal 

expansion, while the depth of vertical development within the system is still insufficient, and the 

production efficiency of enterprises has not reached the standard even when the labor cost 

advantage is lost [5-6]. The purpose of this paper is to make a detailed analysis of the internal links 

of the production of domestic MME, study the key factors that affect the production efficiency of 

each link, and establish a simulation model of the production efficiency of domestic MME. 

2. Design Research 

2.1. Characteristics of MME 

The characteristics of MME are generally as follows: 

(1) Standardized management: standardization is the main feature of China's contemporary 

MME, which mainly includes the standardization of production operations, process operations and 

management models [7-8]. 

(2) Systematic management: MM enterprises promote systematic management in 

implementation, make full use of internal and external resources, find the best allocation of 

resources, carry out effective merger and reorganization, and achieve the strategic objectives of 

manufacturing enterprises [9-10]. 

(3) Process management: Focusing on a certain product of a MM enterprise, the whole resource 

is allocated and integrated from the source of production, weakening the previous functional 

management mode. 

(4) Information management: MM enterprises must effectively use information, pay attention to 

information transmission and sharing. 

2.2. System Dynamics Simulation (SDS) 

SD makes use of qualitative and quantitative research and simulation methods to simplify 

complex and changeable problems. It is the application of system based simulation and reasoning 

simulation [11-12]. The system model is established according to the theory of SD and the steps of 

model establishment. The simulation is carried out with the aid of software simulation system, and 

the system problems are solved by combining qualitative and quantitative analysis. 

The SD analysis of the studied problem is based on the correlation between the system and the 

internal mechanism, through establishing the corresponding simulation model, determining the 

parameters and their initial values, and then conducting simulation. The causal relationship among 

the factors found in the whole process of establishing the model is called structure [13-14] in SD. 

The model simulation constructed by SD is a simulation that integrates structure and function, and 
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is widely used to analyze and solve complex system problems. The main functions of SDS are as 

follows: 

(1) The process of SDS is not only a simulation experiment, but also a real and systematic 

process of collecting and accumulating useful information. The SDS is mostly applicable to some 

complex problems. The system simulation technology can be used to simulate the system according 

to the required information [15-16]. 

(2) For some target systems that are difficult to build models, we can complete some problems 

such as prediction and evaluation by building simulation models to control the real situation of the 

system. 

(3) Through SDS, the complex target system is decomposed into different subsystems, which 

facilitates the subsequent research and analysis. 

(4) Through SDS, some problems in the system can be revealed, and new strategies can be found 

in time to improve and optimize the system [17-18]. 

3. Experimental Study 

3.1. Concept and Construction Steps of AHP 

Analytic Hierarchy Process (AHP) is often used to analyze problems with many criteria and 

objectives, and the method has greater flexibility. The basic construction steps of AHP are as 

follows: 

(1) Establish hierarchical structure model 

When applying AHP method to solve problems, it is necessary to build a clear hierarchical 

analysis model. It is divided into three levels, among which, the explanations of each level are as 

follows:, 

Top level (target level): indicates the target to be analyzed and solved; 

Intermediate layer (criterion layer): all intermediate layers involved in solving the overall goal; 

Bottom layer (scheme layer): measures, indicators, procedures, etc. established to solve the 

overall goal. 

(2) Construct the judgment matrix of each level 

Under the same criteria, compare the indicators of the same layer in pairs, and define the 

judgment matrix A=(aij)n*n according to the 9-scale method. 

Table 1. AHP nine scale method 

Scale One factor is more important than another 

1 Equally important 

3 Slightly important 

5 Obviously important 

7 Strongly important 

9 Extremely important 

2,4,6,8 The median value between the above two judgments 

reciprocal 
The ratio of importance of index xi to xj is aij, so the ratio of 

importance of xj to xi is aij=1/aij 

 



Kinetic Mechanical Engineering 

4 
 

(3) Single Ranking and Consistency Test of Hierarchy 

Calculate the judgment matrix A corresponding to the criterion level for the indicators of this level. 

For each judgment matrix A, it corresponds to the following characteristic equation: 
WAW                  (1) 

Where, λ Represent the eigenvalue of the judgment matrix; W stands for and λ The 

corresponding eigenvector. Maximum eigenvector λ Max corresponds. Finally, check whether 

matrix A is consistent according to formula (2). 

RI

n

n

CR 1
max









               (2) 

Where, CR is the consistency ratio coefficient of A. λ Max is the maximum characteristic root 

of A. RI is the random consistency index, as shown in Table 2-3. If CR ≤ 0.1, A passes the 

consistency check. If CR>0.1, A needs to be adjusted accordingly until it meets the consistency 

check. 

Table 2. Average random consistency index R.I 

Order 1 2 3 4 5 6 7 8 

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 

 

(4) Hierarchical Total Ranking and Consistency Test 

Calculate the importance of all elements in each layer relative to the highest level: 

1 kkk                 (3) 

Where, α K is the ranking weight vector of k-level elements relative to the highest level; β K is 

the weight vector of layer k relative to layer k-1; α K- -1 relative 

to the highest layer. 

The sorting weight formula is: 

hkkkk   3,231              (4) 

Where, α 2 is the weight vector of the second layer elements; H is the number of layers. 

Consistency check on the weight of total hierarchical sorting is consistent with that of single 

sorting. If the CR is less than 0.1, it is considered that the consistency inspection is finally passed; 

otherwise, it is not passed and needs to be adjusted. 

3.2 SD Modeling Steps 

The modeling of SD is mainly divided into the following five steps. The overall modeling steps 

are shown in Figure 1 below. 
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Figure 1. Modeling process diagram of SD 

(1) System analysis 

System analysis is the first step to deal with complex problems by using SD. Its main task is to 

analyze the problems of the target system and find out the main causes. 

The main steps of system analysis: collect the current status of the system and make statistics on 

the data; Fully understand the user requirements, specify the purpose of system research and the 

problems to be solved; Clearly define the problems, variables and contradictions of the system and 

conduct systematic and comprehensive analysis; Define the boundary of the system, and distinguish 

the initial variables, external dependent variables and input variables; Identify the patterns of system 

behavior. 

(2) System structure analysis 

Its purpose is to simplify the information in the system and analyze and build the feedback 

mechanism existing in the system. 

(3) Establishing a normative mathematical model 

Establishment steps: establish L-horizontal variable, R-rate variable, A-auxiliary variable, 

C-constant, etc; Estimate the parameters; Assign values to all parameters. 

(4) Model simulation and policy analysis 

Analysis steps: conduct simulation and analysis of different strategies, and deeply analyze the 

system; Seek new strategies to solve system problems, and conduct simulation again to obtain 

optimized information and further discover new problems; Modify and improve the model, and 

improve the parameters and system structure. 

(5) Model inspection and evaluation 

The SD method is a process of gradually approaching to the real system simulation through 

system decomposition, comprehensive simulation and cycle iteration. The length and difficulty of 

the SDS process is related to the complexity of the studied system and also to the research goal. For 

the process of application and SD research, its system modeling is not a success. The establishment 

of the model requires model modification, parameter debugging, etc. based on the real feedback of 

the studied system, until the establishment of a model that meets the requirements of system 

research. The inspection and evaluation of the model are involved in the above steps. As shown in 

Figure 2 below, it is a cyclic process diagram of model modification after evaluation during the 

modeling process. 
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Figure 2. Assessment process diagram of SD 

4. Experimental Analysis of Equipment System Optimization Strategy 

Equipment is an important material basis in the production process. Scientific equipment 

management can effectively improve the production efficiency of enterprise equipment. The 

effective use of equipment in the production process and the increase of its actual use time have a 

significant role in promoting the enterprise's production efficiency. According to the equipment 

production data of the enterprise, a five-year forecast is made. According to the simulation results, 

different optimization strategies are formulated and the equipment system optimization strategy is 

simulated to compare the improvement of the enterprise's production efficiency before and after the 

change of the strategy, and further provide reference for the effective use of enterprise equipment. 

Table 3. Index values of equipment optimization strategy 

Strategy Policy parameter value 

Original strategy 
Equipment utilization rate=0.80, equipment failure time=570 

hours, equipment maintenance time=420 hours 

Strategy 1 
Equipment utilization rate=0.87, equipment failure time=570 

hours, equipment maintenance time=420 hours 

Strategy 2 
Equipment utilization rate=0.87, equipment failure time=456 

hours, equipment maintenance time=420 hours 

 

It can be seen from Table 3 above that the original parameter values set by the enterprise 

correspond to the original strategy in the table above, the equipment utilization rate is the initial 

value of 0.80, and the equipment failure time and equipment maintenance time are 570 hours and 

420 hours respectively. Strategy 1 only changes the equipment utilization rate from 0.76 to 0.87, 

and the other parameters remain unchanged. Strategy 2 reduces the failure time to 4/5 of the 

original 456 hours based on Strategy 1. Strategy 3 is to further reduce the equipment maintenance 

time to 4/5 of the original 336 hours on the basis of strategy 2. 

According to the above different strategies, the simulation results of the actual operation time 

and production efficiency change value of the equipment are shown in Table 4 and Table 5. 
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Table 4. Variation of actual operation time of equipment 

Time/Policy 1 2 3 4 5 6 

Original 

strategy 
66518.81 69432.36 71969.72 74405.79 76399.71 78321.85 

Strategy 1 72413.33 75532.69 78416.92 80911.01 83223.33 85312.54 

Strategy 2 72556.36 75561.70 78511.94 81107.22 83401.31 85445.51 
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Figure 3. Statistics of actual operation time change of equipment 

It can be seen from Figure 3 that the actual operation time of enterprise equipment in the past six 

years has changed to varying degrees due to different optimization strategies. It can be seen from 

the figure that since the device utilization is improved, the device time simulation results of Strategy 

1 are significantly increased compared with the original strategy. Strategy 3 not only improves the 

utilization rate of equipment, but also reduces the failure time and maintenance time of equipment. 

In terms of actual operation time of equipment, Strategy 3 has greatly improved compared with 

Strategy 1. In the sixth year, the actual operation time of equipment has increased to nearly 85373 

hours. 

Table 5. Change value of equipment production efficiency 

Time/Policy 1 2 3 4 5 6 

Original strategy 0.788 0.789 0.789 0.789 0.790 0.790 

Strategy 1 0.858 0.859 0.859 0.859 0.860 0.860 

Strategy 2 0.860 0.860 0.860 0.861 0.861 0.861 

Strategy 3 0.861 0.861 0.861 0.862 0.862 0.862 
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Figure 4. Analysis of change value of equipment production efficiency 

It can be seen from Figure 4 that the changes of the original strategy and the three improvement 

strategies have an impact on the equipment productivity. Compared with the original strategy, 

strategy 1 has greatly improved the utilization of equipment. Without changing the number of 

original equipment, the actual operation time of all equipment has increased significantly, and the 

production efficiency has also improved significantly. Strategy 2 reduces the equipment failure time 

to 4/5 of the original. Compared with strategy 1, the equipment productivity has not changed 

significantly. Strategy 3 changes the equipment maintenance time on the basis of strategy 2 to 

further improve the equipment production efficiency. Compared with the original strategy, the 

production efficiency will be increased from 0.79 to 0.86 in the sixth year, with the most obvious 

optimization effect. 

5. Conclusion 

Low production efficiency is one of the main weaknesses in the development of China's MME. 

China's MME still have a lot of room for progress in the management and application of production 

technology, especially for the low labor productivity and low industrial value-added rate. Under the 

new situation, MME need to improve their production efficiency, control all kinds of costs required 

for production, and withstand the basic pressure of price competition to accelerate the 

transformation of enterprises and obtain more market space. The simulation results of equipment 

system optimization with different strategies show that the economic way for enterprises to improve 

equipment production efficiency is to optimize the existing internal equipment. More equipment 

procurement cannot fundamentally solve the problem of production efficiency. MME should focus 

on analyzing the use of equipment in the factory, improve the utilization rate of equipment within a 

reasonable range, control equipment failures and maintenance processes, reduce the corresponding 

failure maintenance time, and make full use of equipment and other resources to achieve the 

ultimate goal of improving production efficiency. 
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