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Abstract: As the Chinese government has clearly put forward the development of civil-military
integration (CMI) as a national strategy, civilian manufacturing enterprises entering the military
products market (CMEE-MPM) can effectively improve China’s national defense science and
technology capabilities and can also be an effective way for enterprises to enhance their sustainable
development capabilities. However, due to the high standards and strict requirements of the
national defense industry for supplier review, civilian manufacturing enterprises must evaluate their
CMEE-MPM capabilities. In this study, a new evaluation and consideration model is proposed.
Enterprises that plan to enter the military product market can use this model to evaluate their
own CMEE-MPM capabilities. The evaluation model framework is composed of three successive
parts: constructing an evaluation indicator system according to experts and enterprise experiences,
calculating the weight of the indicators using an analytical hierarchy process (AHP), and evaluating
CMEE-MPM capabilities using the method of fuzzy comprehensive evaluation. Finally, this study
verifies the feasibility of the application of the above model by measuring the capabilities of a
civilian manufacturing enterprise that wants to enter the military products market in Harbin,
China. The results show that the indicator system constructed in this paper can effectively evaluate
CMEE-MPM capabilities. The findings of this research can be used as a reference for the decision
making of civilian manufacturing enterprises regarding whether or not to enter the military products
market, and then promote the sustainable development of enterprises.

Keywords: civil-military integration; indicator system; modified Delphi method; multilevel fuzzy
comprehensive evaluation; civilian manufacturing enterprises; sustainable development capabilities

1. Introduction

Civilian enterprises are an important part of China’s national economy and the most active
economic growth point in the national economy. However, due to an imperfect corporate governance
structure, insufficient investment in research and development (R&D), poor innovation ability, a large
flow of talents, and irregular operation mode, the sustainable development capabilities of civilian
enterprises is seriously challenged. According to the research results of the blue book of China’s
civilian enterprise development report, 150,000 new civilian enterprises are born in China every year,
and more than 100,000 civilian enterprises die the same year. The average life span of enterprises is
only 2.9 years. It can be seen that civilian enterprises should not only consider their own profitability
but also pay attention to their own sustainable development capabilities.
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In fact, there are many ways for enterprises to achieve sustainable development. Enterprises can
cultivate and develop their own core competitiveness, improve their innovation ability, or optimize
the environment of enterprises. Of course, expanding new business areas is also an important way to
achieve sustainable development. With the in-depth development of China’s national defense industry,
the strategy of civil-military integration (CMI) is changing from conception to practice. Currently, the
military industry, which has been regarded as a restricted area in which civilian enterprises cannot
invest, is gradually opening up to civilian enterprises. This also opens up a new path for civilian
enterprises to expand their business fields and realize their own sustainable development. It has been
reported that China’s defense expenditure budget will reach 1189.9 billion RMB in 2019. According to
usual practice, approximately one-third of the defense expenditure is spent on the acquisition and
production of weapons and equipment, which is very attractive to military production enterprises.
In the past, such defense expenditure was basically the responsibility of the twelve major domestic
military industrial groups. However, in recent years, more than 3000 civilian manufacturing enterprises
in China have been approved to support military products. Of course, by participating in the national
defense industry, civilian manufacturing enterprises will obtain not only better economic benefits
but also sustainable development. However, the strict market access system and review mechanism
of the national defense industry act as a threshold for all civilian manufacturing enterprises that
want to participate in the national defense industry. This threshold is a major challenge for general
civilian manufacturing enterprises. Before civilian manufacturing enterprises decide whether to
participate in the national defense industry, they must evaluate their civilian manufacturing enterprises
entering the military products market (CMEE-MPM) capabilities. Generally, these enterprises can
conduct such an evaluation in one of two ways—the first is to find a third-party consulting agency to
conduct the evaluation, but the economic costs of this approach are very high, and most enterprises
do not want to bear such costs; the second is self-evaluation, which is more popular with civilian
manufacturing enterprises, but there is no set evaluation model framework to provide services for
civilian manufacturing enterprises. Thus, the evaluation model framework in this paper can solve the
problems faced by civilian manufacturing enterprises.

This study presents a new decision-making model to evaluate whether or not civilian
manufacturing enterprises should enter the military products market, breaking the monopoly position
of the third-party consulting agency in the evaluation of enterprises’ CMEE-MPM capabilities. Civilian
manufacturing enterprises that plan to enter the military products market need to complete only
the questionnaire survey called the evaluation of CMEE-MPM capabilities and then use the model
constructed in this paper for self-evaluation. In this way, civilian manufacturing enterprises can
determine whether they can apply to be qualified as CMEE-MPM. At the same time, by using this
model, civilian manufacturing enterprises can also identify their own shortcomings and the problems
that need to be improved. This paper has a certain practical significance for the self-improvement of
civilian manufacturing enterprises.

The remainder of this paper is organized as follows. Section 2 reviews the relevant literature
on sustainable development and CMI. Section 3 builds a model for the CMEE-MPM capabilities.
Section 4 reports the application of the model of CMEE-MPM. Section 5 presents a discussion, and
conclusions are drawn in Section 6. The findings can be used as a reference for decision making during
the process of CMEE-MPM, as well as for civilian manufacturing enterprises in formulating sustainable
operation strategies.

2. Literature Review

2.1. Sustainable Development

The concept of sustainable development was first put forward in the world conservation program
that is jointly published by the International Union for Conservation of Nature (IUCN), the United
Nations Environment Programme (UNEP) and the World Wildlife Fund (WWEF) in 1980. This concept
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has further been widely studied. Until now, many scholars have carried out corresponding research
from different perspectives. The sustainable development of nature and society [1,2] is one of the
fields that scholars are interested in. Yang et al. [3] classified the sustainable development indicator
system according to its structure and expounded it from the four aspects of ecology, economics,
sociology, and systematics. Masocha [4] discussed the relationship between social sustainability and
financial performance, customer satisfaction, and employee satisfaction. Da Silva et al. [5] evaluated
the sustainability of water resources from the perspective of sustainable development capital. Some
scholars have also studied sustainable development from the perspective of urban and regional
economy [6-8]. Yan [9] has systematically studied the storage value, total energy consumption, energy
inflow and outflow, population carrying capacity, and other indicators of Tibet’s main resources and put
forward policy suggestions for realizing sustainable development of Tibet’s resources. Wang et al. [10]
studied the sustainable development of resource exhausted cities.

Meanwhile, the sustainable development of low-carbon and clean energy [11,12] is also a hot
topic of scholars’ research. Doukas et al. [13], based on the energy policy objectives of renewable
energy selection, used language variables to evaluate the sustainable development. Feng et al. [14]
systematically analyzed the principles of regional water resources optimal allocation and verified the
validity of the optimization model of regional water resources allocation for sustainable development
by building models, designing algorithms and empirical research. In terms of the sustainable
development of enterprises, scholars pay more attention to economic performance [15-17], enterprise
innovation [18,19], indicator system evaluation [20-22], and enterprise strategic management [23,24].

In conclusion, scholars pay attention to a wide range of sustainable development issues, which
exist in all aspects of economic and social development. However, most of the existing literature focuses
on nature and society, urban and regional economy, low-carbon and clean energy. When focusing
on enterprises, scholars mainly focus on economic performance, enterprise innovation, enterprise
strategic management, and other aspects. There are few studies that focus on the product realization
process of enterprises or focusing on civilian manufacturing enterprises under the background of
military civilian integration. Therefore, this paper is helpful to enrich and expand the research field of
sustainable development.

2.2. Civil-Military Integration

Western countries encourage market competition on the premise of ensuring national security, so
scholars seldom consider whether or not civilian manufacturing enterprises are willing to enter the
military products market. Scholars are more concerned with theoretical research, which has covered
all aspects of the national defense economy. Scholars have studied not only the strategy [25-28] of
CMI but also its system [29,30]. Starting from the enterprise perspective is an important direction for
scholars to study. Byrne [31] proposes that arms manufacturers are only politically powerful entities in
their own right and lack corporate social responsibility, which is likely responsible for the foreseeable
consequences that flow from the use of their products. Akcinaroglu et al. [32] and Mahoney [33] argue
that private military companies(PMCs) have an important impact on international security. They can
effectively solve regional conflicts and provide defense outsourcing services while obtaining economic
benefits. However, under varying market structures, the behavior of PMCs is different, so scholars
should pay attention to and make use of this difference.

There are also scholars who study CMI from the perspective of medical treatment. Vie et al. [34]
introduced a big data business intelligence sharing platform called the Person-Event Data Environment
(PDE), and they considered that, with this platform, the critical medical and behavioral issues that
affect health and well-being can be solved through military-civilian collaboration. Mooreet al. [35] and
Schwab [36] explored how to improve partnerships between military and civilian surgeons and how
to promote collaborative medical training for military and civilian medical professionals. The above
authors stated that, through military and civilian collaboration, the mortality rate of injured soldiers
can be effectively reduced and that the emergency medical system can be greatly improved.
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While more scholars have been engaged in the research of dual-use technology, Haico et al. [37]
conducted in-depth research on the evolution of a social technology network related to the development
of an advanced battery in the Netherlands and suggested that the establishment of “dual-capacity
networks” should be part of a possible strategy toward an integrated civilian-military technology
and industrial base. Watkins [38] stated that those that increase industrial capacity to absorb or share
technologies from other industrial sectors are the most important dual-use investments and that more
attention should be paid to building the structures and culture of civil and military technology systems.
Cronberg [39] and Brandt [40] studied the new difficulties and issues faced in the processes of US
military technology reconstruction and dual-use technology promotion. Molas-Gallart [41] studied the
operational mechanism of dual-use technology and presented his own opinions on the four operational
mechanisms. Lee et al. [42] conducted a quantitative study on the value of dual-use military technology
and concluded that military technology is more valuable when the technology itself can be used in
various sectors, including the civilian sector, and can be converged with technology in different fields.
In addition, some scholars have studied CMI from the perspective of the supply chain [43] and arms
trade [44].

As far as China is concerned, because of the high confidentiality of the national defense industry,
scholars mainly study how to promote the initial integration of CMI into in-depth development, with
little research on such practice and operation. Zhao et al. [45], Peng et al. [46], and Tan et al. [47] learned
from developed countries” experience in the development of CMI and proposed suggestions for China
on how to implement its CMI, and some scholars, such as Zhu [48], You et al. [49] and Chen et al. [50],
have also studied the system, mechanism, and policy of CMI. From the point of view of national
strategy, Wang et al. [51] put forward the connotation and the way to realize the capability of building a
national strategic CMI system. From the perspective of the national defense industry, Du et al. [52-54]
studied the construction, benefit evaluation, and level measurement of the CMI system and put forward
corresponding countermeasures and suggestions. China’s production of dual-use technology started
relatively late compared to that of other countries. Zhang et al. [55] constructed a two-dimensional
framework for the policy analysis of dual-use technology R&D from two dimensions—policy tools
and R&D activities—and summarized the current situation and shortcomings of China’s dual-use
technology R&D policy. Tai [56] stated that the progress of China’s defense science, technology,
and industrial system comes from the role of external technology and knowledge transfer, as well
as the improvement of the defense industry’s ability to absorb these inputs and convert them into
localized output.

Now, more scholars are engaged in innovative research on CMI. Based on evolutionary game
theory, Fang et al. [57] established an evolutionary game model of military—civilian collaborative
innovation in China’s satellite industry, with military and private enterprises as the main participants
under bounded rationality, and summarized the factors affecting collaborative stability. Du et al. [58]
believe that China’s innovation-driven system should be constructed from three aspects—innovation
elements, structural systems and innovation environments—which can provide guarantees for the
effective implementation of the innovation-driven mechanism of CMI. From the perspective of CMI,
Dong et al. [59], Zhao et al. [60], and Suo [61] separately studied the motivation of collaborative
innovation, technology sharing behavior and mechanism evaluation of collaborative innovation.
Fang et al. [62] studied the influencing factors of knowledge transfer in CMI and suggested that the
operational mechanism has the greatest overall effect on the performance of knowledge transfer in
CML. In addition, Li et al. [63] and Zheng et al. [64] studied the problem of emergency material reserve
and emergency supply prepositioning, respectively.

A literature review shows that few studies have been conducted on CMEE-MPM. Even if
civilian manufacturing enterprises have the will to enter the military products market, the enterprises
themselves cannot measure the matching degree of their own capabilities with the requirements of
CMEE-MPM. Therefore, a set of indicator evaluation systems needs to be established to help civilian
manufacturing enterprises evaluate their capabilities to enter the military products market.
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2.3. Military Products Market

The military products market (or military market) is the target market for the CMEE-MPM.
Western scholars began to study it in the 1960s, Weidenbaum [65,66] described the situation of the US
military products market, the scope and main categories of the military products market. Then scholars
began to subdivide the military products market, Desjardins et al. [67] studied the market situation of
military flat panel displays. In recent years, with the progress of the wars in Iraq, Afghanistan and
Libya, scholars have turned their research on military products market to mercenary market [68] and
private defense market [34].

The early Chinese military market was a complete oligopoly, and the value of academic research
was not great. Scholars like Wu [69], who only analyzed military trade from the perspective of
constraints between economic and legal, gave some counter measures. Zhang et al. [70] analyzed the
game behavior among the participants in the oligopoly military market. In fact, the time when scholars
engaged in military products market research began with the development of China’s national strategy.
In 2013, Bai et al. [71] began to engage in the research of China’s military products market access
system. After that, Zhang et al. [72] built an effective marketing system to promote the development of
China’s military products market according to the characteristics of China’s military products market.
Jiang et al. [73] and Li et al. [74] analyzed decision-making behavior among the government, military
industry enterprises, and civilian enterprises in the military products market from the perspective of
game theory, which provided good suggestions for the development of CMI in China.

It can be seen that the military products market has been of concern to several scholars, but those
scholars paid more attention to the game among the main bodies in the military products market.
For the enterprises of CMEE-MPM, there is little research to guide civilian manufacturing enterprises
on how to enter the military products market, which is the value of this paper.

3. Model Framework

In this paper, an evaluation model framework for the CMEE-MPM capabilities is presented,
which includes the indicator system, indicator weights, and a comprehensive fuzzy evaluation method.
The model framework is shown in Figure 1.

Identify and structure the indicator system

Using AHP to determine the indicator weight

Comprehensive fuzzy evaluation method

Figure 1. The model framework.
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3.1. Proposed Indicator System

Designing a scientific and reasonable indicator system for measuring CMEE-MPM capabilities
is helpful for enterprises to accurately evaluate their own conditions for entering the military
products market, and it is also use to provide decision support for their participation in national
defense construction.

To effectively identify the indicator system, panels of expert advisors—consisting of scholars,
military representatives and top managers of enterprises in the area of CMI—were convened in Gu
Zhenkou Military—Civil Integration Innovation Demonstration Zone, Qingdao, China, to discuss and
identify the evaluation indicator system. At the initial meeting, it was made clear that the indicator
system was established from the perspective of manufacturing enterprises and based on the whole
process of product realization. After the meeting, the advisors in each panel continued to provide
feedback through correspondence. The indicator system was revised several times until it met the
approval of the panels of expert advisors. The final indicator system can be seen in Table Al in
Appendix A.

For manufacturing enterprises, the management process mainly includes the service support
process and product realization process, so the indicator system consists of the above two processes.

The service support process refers to the process of providing support for product realization rather
than directly participating in product design, R&D, manufacturing, and after-sales service. Moreover,
the service support process includes four aspects: integrated management capacity, enterprise financial
capacity, resource allocation capacity and quality management capacity. Each aspect has different
intensions. (1) Integrated management capacity is the foundation of CMEE-MPM, which includes
thought integration, administrative management, social recognition, and document and record
management. (2) In this paper, enterprise financial capacity refers particularly to the operational
capacity of enterprises engaged in military production and the benefits they can obtain from engaging in
military production. (3) Resource allocation capacity refers to the situation of enterprise infrastructure
and staffing allocation. (4) Quality management capacity is acquired based on China’s national military
quality management system standards, which mainly include system execution capacity, continuous
improvement capacity, and process management capacity.

The product realization process, which is the core content of manufacturing enterprises engaged
in production activities, refers to the process of product design, manufacturing, and on-site support
based on market requirements, technological capabilities, and resources. The product realization
process includes R&D and process capacity, purchasing and warehousing capacity, production and
manufacturing capacity, and maintenance and after-sales service guarantee capacity.

3.2. Determine the Indicator Weights

To ensure the validity and continuity of the research, this paper refers to Parente and Anderson’s [75]
proposition, and we complete the determination of the indicator weights via the following steps.

In Step 1, an expert panel is formed.

For the selection of experts, we select from the experts who participated in the initial meeting, and
we are having a total of 16 experts. The specific distribution of experts can be seen in Table 1.

In Step 2, the questionnaire survey among experts was conducted.

Among the 16 experts, 10 experts were investigated by mail, four experts by fax, and two experts
by face-to-face on-site interviews. Sixteen questionnaires were distributed, and 16 were returned,
providing us with a response rate of 100%.

In Step 3, the analytical hierarchical process (AHP) was used to determine the indicator weights.

The determination of the indicator weights takes the following steps:

First, we define the criteria for CMEE-MPM capabilities (given in Table Al in Appendix A).
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Table 1. Distribution of the experts.

Source of Experts Members Quantity Percentage

Academic circles Two members of academic institutions 2 12.50

Two members from the office of civil
military integration and two members of
Gu Zhenkou military—civilian integration

innovation demonstration zone in Qingdao

Government circles 4 25.00

Two members of the science and technology
Business circles park, three members of A company, and 8 50.00
three members of B company *

Military circles Two members from the military 2 12.50
Total 16 100

* For confidential reasons, enterprises are replaced with A company and B company.

Second, factors of the same level in the hierarchical structure model are compared by using the
nine importance levels, and the assignments are provided by Saaty (Table 2). The scaling values are
obtained with the Delphi method, and then, the results of the comparisons are put into matrix form;
thus, an adjustment matrix is formed (Table 3).

Table 2. Criteria for judging scale 1-9.

Scale Meaning
1 the two factors B; and Bj have the same importance as each other
3 B; is slightly more important than B;
5 B; is obviously more important than B;
7 B; is strongly more important than B;
9 B; is extremely more important than B;
2,4,6,8 the median value of the adjacent judgment mentioned above
Reciprocal if Bl/b] = ai]-, then B]/Bl = 1/ai]-

Table 3. Judgment matrix.

Ax B, B, N Bn
By by by e b1y
B, bsq by, e bon
Bn bnl bn2 ces bnn

Third, the weights of factors at the same level (single ranking at the same level) are calculated.
We use the judgment matrix to calculate the order weight value of the relative importance of a factor of
the same level to a factor of the upper level, and the process of calculating weights can be reduced to
the problem of calculating the eigenvalues and eigenvectors of the judgment matrix; i.e., for judgment
matrix B, the calculation satisfies the requirement.

BW = ApnaxW (1)

In the formula, Amax is the largest eigenvalue of B, W is the normalized eigenvector corresponding
to Amax, and the component W; of W is the weight of single ranking of the corresponding factors.
Finally, the consistency of the matrix is checked, and its consistency index (CI) is calculated.

Amax — 1

Cl= ()

n—1
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The smaller the value of Cl is, the greater the consistency. When CI=0, the matrix has complete
consistency, and when the value of Cl is close to 0, the matrix has satisfactory consistency; the larger
the value of Cl is, the more serious the inconsistency. To measure the value of CI, we need to introduce
the random consistency index (RI).

 CL+CL+---+ClI,
n

RI

®)

The Rl is related to the order of the judgment matrix. Generally, the larger the order of the matrix
is, the more the probability of the consistency random deviation increases with the order of the matrix.
The corresponding relationship is shown in Table 4.

Table 4. The standard value of mean random consistency index (RI).

Matrix Order 1 2 3 4 5 6 7 8 9 10
RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49

Considering that this deviation in consistency may be caused by random factors, it is necessary to
compare CI with RI to obtain the test coefficient (CR) when checking whether the judgment matrix has
satisfactory consistency.

- @

When CR < 0.10, the judgment matrix has satisfactory consistency; otherwise, we need to revise
the Delphi method and then adjust the judgment matrix.

We use software to perform the above calculation process. Through this calculation, we find that
the consistency test on the system execution capability and process management capability of the
judgment matrix failed. After analysis, the practical experience related to system execution capability
and process management capability is more important. When using the Delphi method for scoring,
experts in academic circles and government circles lack practical experience, so their scores are low.
From the perspective of manufacturing enterprises, the scores of business circles and military circles

CR

are more suitable for the actual situation. Therefore, we decided to use the weight coefficient to adjust
the scores of the indicators of management review and qualification rate of one-time inspection of
reworked and repaired products. The evaluation weight coefficient of experts in academic circles and
government circles is set to 0.6, and the evaluation weight coefficient of those in business circles and
military circles is set to 0.4. Then, we perform the consistency test again; after operation, the indicators
pass the consistency test, and we obtain the final indicator weights for each level, as shown in Table A2
in Appendix A.

3.3. Multilevel Fuzzy Comprehensive Evaluation

In reality, many indicators cannot be quantitatively evaluated, which forces decision makers to
face uncertain and fuzzy information. In this paper, the multilevel fuzzy evaluation model is used to
evaluate CMEE-MPM capabilities to determine whether civilian manufacturing enterprises can enter
the military products market. The multilevel fuzzy comprehensive evaluation takes the following steps.

Step 1: Construction of the evaluation object’s factor set.

In multilevel fuzzy comprehensive evaluation, the set of evaluation objects is U = {uy, up, u3, ... , up}.

That is, there are p first-level evaluation indicators. In our case, the first level has 50 evaluation
objects, so all 50 evaluation objects form the evaluation object’s factor set.

That is, Uy= {uy, up, us, ..., usp}-

In addition, we can obtain the sets of evaluation objects at all levels of the multilevel evaluation.

Step 2: Determination of the comment-level set.
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The evaluation set V is a set of evaluation grades, and each grade corresponds to a fuzzy subset.
To effectively identify and distinguish CMEE-MPM capabilities, we use a three-point method to
determine the evaluation levels, which are good, average, and poor.

That is, V= {poor, average, good}.

Step 3: Determination of membership function.

The membership function is constructed by using the comment set to clarify the subordination of
each evaluation factor in the evaluation. There are many membership functions (fuzzy distribution),
such as rectangular distribution, normal distribution, trapezoidal distribution, k-order parabolic
distribution, and Cauchy distribution. We can choose one or several of these functions according to
the actual situation. In this paper, the typical membership function introduced by Liu [76] is used to
construct the membership function of the comment set.

That is, the membership function that the comment is “poor.”

1 x<1
| 12t 1<x<2 )
F 252 2<x<3
0 x>3

0 x<1
2
2(51)”  1<x<2
- 2
Uy = 1—2£§) 2<x<4 (6)
x—52
2(%52)"  4<x<5
0 x>5

0 x<3
2
— 2(%5= 3<x<4
Ug = (2_)52 @)
1-2(%58) 4<x<5
1 x>5

Step 4: Selection of the survey respondents and the questionnaire.

The survey respondents come from enterprises that want to evaluate their CMEE-MPM capabilities.
To ensure the effectiveness of the evaluation results of these enterprises, the respondents who are
selected should be purposefully classified.

Step 5: The fuzzy relation matrix.

Through the evaluation of each indicator by survey respondents, we can obtain the membership
degree of each level of the fuzzy subset by using the membership function and then obtain the fuzzy
relation matrix. For multilevel fuzzy comprehensive evaluation, we can obtain the second-level fuzzy
relation matrix, which is composed of the first-level judgment vector.

Step 7: Selection of the fuzzy composition operator.

The principle of fuzzy comprehensive evaluation is fuzzy transform, and the model is as follows:

1 Ir12 oo I''m

o o 21 2o oo Iom
AR=(ay, a0 ap)| L : = (b1, bs,...bm) ®

Ip1 Ip2 oo Tpm
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where”O” denotes a fuzzy composition operator. In general, the fuzzy composition operators include
the following:
(1) M(A,V) operator

m
max .
Sk= VvV (pj /\r]-k) = <j<m {mm(p]-,rjk)}, k=1,2,...,n 9)
j=1 o
(2) M(e,V)operator
m max
Sc= v ()= l<jsm fu, ), k=1,2,...,n (10)
j=1 )=
(3) M(A,®) operator
m
Sk = min 1,Zmin(u]-,rjk) ,k=1,2,...,n (11)
=1
(4) M(e,®) operator
m
S, = min[l,z p].rjk], k=1,2,...,n (12)
=1

When we select the fuzzy composition operator, it is more appropriate to use multiplication to
reflect the role of the weights and to use bounded operation and normal operation to reflect entirety.
In this way, it is more suitable to optimize the overall index from a comprehensive point of view.
Therefore, a fuzzy composition operator M(e,®) is generally chosen as a fuzzy composition operator.

Step 8: Analysis of the results of fuzzy comprehensive evaluation.

Let the fuzzy comprehensive evaluation vector be B; then,

B = (by, by, b3) (13)

Moreover, to obtain a precise evaluation result, the comment levels can be set as a variable
range. Here, we refer to the qualification examination of the equipment manufacturing unit and the
implementation method of the scientific research and production license for weapons and equipment of
China and set 0-60(poor), 60-80(average),and 80-100(good). Then, the comment-level matrix P can be
obtained by calculating its group median value, i.e.,P = (50,70,90 )l. The comprehensive evaluation
function S is obtained by multiplying the evaluation vector B bythe evaluation grade matrix P.

Thatis, S = B-P.

According to the value of 5, we can obtain the range of S, and then, the final evaluation result for
manufacturing enterprises that want to enter the military products market can be obtained.

4. Application

We now apply the proposed model framework to an empirical case company with the aim of
assessing its CMEE-MPM capabilities.

4.1. Company Background

C Company is a civilian manufacturing enterprise engaged in the R&D, production, and
manufacturing of an integrated electronic control system for marine diesel engines and marine
fire-fighting system products. For the company’s sustainable development and to better meet national
strategic needs, the company intends to participate in the construction of the national defense industry
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and engage in military production as a civilian manufacturing enterprise. However, due to the
dualistic separation structure between the military and civilians in China, it is still difficult for civilian
enterprises to enter the military products market. In view of whether to enter the military products
market, enterprise management has been hesitant. This study, based on the above situation and from
the perspective of civilian manufacturing enterprises, provides the necessary decision support for
business managers.

4.2. Application Results

As mentioned in Section 3, based on the given indicator system and indicator weights,
we use multilevel fuzzy comprehensive evaluation to evaluate the empirical company’s
CMEE-MPM capabilities.

Now, all we have to do is obtain respondents from the empirical company, and we purposefully
classify the respondents according to the requirements of Step 4 in Section 3.3. The distribution of
specific survey respondents can be seen in Table 5.

Table 5. The distribution of survey respondents.

Source of Survey

Respondents Members Quantity Percentage

Four members are the general
manager, vice president of
production, vice president of design,
and vice president of finance

Strategic planning level 4 13.33

Ten members of the middle level
leaders from the whole process of
product realization, including
Tactical planning level administration, finance, design, 10 33.33
production, planning, procurement,
sales, after-sales, quality
management, and human resources

One member of administration, one
member of finance, five members of
R&D, five members of production,

Operation management level one member of procurement, two 16 53.33
members of after-sales, and one
member of quality
Total 30 100.00

All 30 survey respondents were investigated with face-to-face on-site interviews. Thirty questionnaires
were distributed, and 30 were returned, giving us a response rate of 100%.

Then, we can obtain the evaluation results of each level following Steps 5-8 in Section 3.3, and the
evaluation results of each level are shown in Tables 6-9.

From Table 9, we can obtain the evaluation vector B; i.e., B = (0.0065,0.0626,0.9309).
The comprehensive evaluation function S is obtained by multiplying the evaluation vector B by
the evaluation grade matrix P.

That is, S = B-P = (0.0065, 0.0626,0.9309) x (50,70, 90)’ = 88.4880.

According to the value of S, we know that S € (80 ~ 100), and the final evaluation result of the
empirical company is good.
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Table 6. The first level comprehensive evaluation results.

Second-Level

First-Level Indicators Comment Level Set Weights . Judgement Vector
Indicators
Management’s willingness to enter 5550 00800 09200  0.8806
military products market
. . Thoughts
Employees’ ideological inteeration 0.0000  0.1684  0.8316
understanding to enter military 0.0000 0.8200 0.1800 0.1194 &
products market
Completeness of internal 00000 00200 09800 05745
management system
Perfect situation about organizational Administrative 0.0000 0.1429 0.8571
. 0.0000 0.0800 0.9200 0.2633 management : ’ ’
structure of enterprises
Emergency response capability 0.0000 0.6800 0.3200 0.1622
Position of enterprises in the industry ~ 0.0000 0.9644 0.0356 0.1544
Enterprise’s prestige 0.0000 0.0000 1.0000 0.4160

Social recognition 0.0000 0.1527 0.8473

Value of enterprise customer

R . 0.0000 0.0089 0.9911 0.4297
satisfaction

Acquisition of military standard 0.9800 0.0200 0.0000 01200

documents
Documents
Complete.nesg of productlon 0.0000 02222 0.7778 0.3351 &records 0.1176  0.1071  0.7753
operation instructions management

Traceability of process file records 0.0000 0.0556 0.9444 0.5449

Proportion of R&D investment in

military-related products 0.0000 0.8200 0.1800 0.8261

Operation capacity ~ 0.0000  0.8509  0.1491

Inventory input ratio of
military-related products

Current economic benefits 0.0000 0.0800 0.9200 0.1702 Achievable
Long-term economic benefits 01800 08200 00000 08298  economicbenefits

0.0000 0.9978 0.0022 0.1739

0.1494 0.6940 0.1566

Production and operation

. 0.0000 0.0556 0.9444 0.4082
environment

Production equipmentallocation 4900 9200 09800 03122
situation Infrastructure 0.0000 0.0500 0.9500

Test equipment allocation situation 0.0000 0.0200 0.9800 0.1528

Maintenance equipment allocation
situation

R&D staffing allocation situation 0.0000 0.1089 0.8911 0.5527

0.0000 0.1422 0.8578 0.1267

Production staffing allocation
situation

Test personnel allocation situation 0.0000 0.1422 0.8578 0.1175

0.0000 0.0556 0.9444 0.2415
Staffing allocation ~ 0.0000  0.0952  0.9048

Maintenance staffing allocation 0.0000 0.0556 0.9444 0.0884

situation
Management review 0.0000 0.0089 0.9911 0.5792 S .
ystem execution 0000 00267 09733
Internal audit 0.0000 0.0356 0.9644 0.0899 capability . . .
External audit 0.0000 0.0556 0.9444 0.3309
Completion rate of corrective and Conti
ontinuous
preventive measures 0-0000 0.0200 0-9800 07681 improvement 0.0000  0.0200  0.9800
Continuous improvement project capability

completion rate on schedule 0.0000 0.0200 0.9800 0.2319

Misjudgment rate of raw material 0.0000 0.0089 0.9911 0.0845

Inspection
. Process
Non-conformity control rate of
delivered products 0.0000 0.0200 0.9800 0.7489 management 0.0000  0.0161  0.9839
capability
Qualification rate of one-time 0.9978
inspection of reworked and repaired ~ 0.0000 0.0022 0'1 665
products ’
Qualification rate qf disposable 0.0000 0.0089 0.9911 04110
sample delivery
Transforming ability of scientificand 0000 (0356 09644  0.0695 R&D capability 00000 00160  0.9840

technological achievements
Design schedule punctuality rate 0.0000 0.0800 0.9200 0.1120
Design error rate 0.0000 0.0022 0.9978 0.4075
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Table 6. Cont.

13 of 23

Second-Level

First-Level Indicators Comment Level Set Weights . Judgement Vector
Indicators
Timeliness of contract review 0.0000 0.0089 0.9911 0.1649 Process capacity 0.0000 0.0033 0.9967
Error rate of contract review 0.0000 0.0022 0.9978 0.8351
Qualification rate of raw material
. .02 . .
purchase 0.0000 0.0200 0-9800 06863 Procurement 0.0000 0.0249 0.9751
Timely arrival rate of raw 0.0000  0.035 09644 03137
materials
Accuracy of raw material 0.0000 0.0556 0.9444 0.6667
distribution ' ’ ’ ' Materials 0.0000 0.0400 0.9600
Stock error rate of raw materials 0.0000 0.0089 0.9911 0.3333
Process rework rate 0.0000 0.0089 0.9911 0.0752
Product delivery rate on time  0.0000 00200 09800 03836 | roductionprocess 00000 00192 09808
Quahflc.atlon rate of one-time 0.0000 0.0200 0.9800 05412
delivery of products
Fail te of ki i t . .02 . 774 Equi t
ailure rate of key equipmen 0.0000 0.0200 0.9800 0.7746 m;];;p:rfgm 0.0000 0.0280 0.9720
Failure rate of main equipment 0.0000 0.0556 0.9444 0.2254 &
Servi ti 0.0000 0.0089 0.9911 0.5897
rving on Hme After-sale service 0.0000  0.0089  0.9911
Post-service satisfaction 0.0000 0.0089 0.9911 0.4103
Reserve of after-sales spare parts ~ 0.0000 0.0356 0.9644 0.8049 After-sales 00000 00911  0.9089
Reserve of after-sale finished guarantee
0.0000 0.3200 0.6800 0.1951
products
Table 7. The second level comprehensive evaluation results.
Secm?d-Level Comment Level Set Weights  Third-Level Indicators Judgement Vector
Indicators
Thoughts integration 0.0000 0.1684 0.8316 0.0675
Administrative
management 0.0000 0-1429 0-8571 0.5252 Integrated management 0.0298  0.1370  0.8332
X e capacity
Social recognition 0.0000 0.1527 0.8473 0.1539
Documents &records 176 3071 07753 02534
management
Operation capacity 0.0000 0.8509 0.1491 0.3038 ot o . 01040 07417 01543
Achievable economic nierprise fmancia
X 0.1494 0.6940 0.1566 0.6962 capacity
benefits
Infrastructure 0.0000 0.0500 0.9500 0.5000 Resource allocation 0.0000 0.0726 0.9274
Staffing allocation 0.0000 0.0952 0.9048 0.5000 capacity
sy“ff:g‘ﬁ;““"“ 00000 00267 09733  0.3333
Pty 00000 00209 09791
_ Continuous 500090 o200 09800 03333 ~ Quality management
improvement capability ability
Processmanagement 0090 00161 09839 03333
capability
R&D ili . .01 984 .7
&D capability 0.0000 0.0160 0.9840 0.7333 R&D and process 0.0000 0.0126 0.9874
Process capacity 0.0000 0.0033 0.9967 0.2667 capability
Procurement 0.0000 0.0249 0.9751 0.7419 Purchasing and 0.0000 0.0288 0.9712
Materials 0.0000 0.0400 0.9600 0.2581 warehousing capacity
Production process 0.0000 0.0192 0.9808 0.5000 Production and 0.0000 0.0236 09764
Equipment 0.0000 0.0280 0.9720 0.5000 manufacturing capacity
management
After-sale service 0.0000 0.0089 0.9911 0.5000 Maintenance and
after-sales service 0.0000  0.0500  0.9500
After-sales guarantee 0.0000 0.0911 0.9089 0.5000 guarantee capability
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Table 8. The Third level comprehensive evaluation results.

Forth-Level

Third-Level Indicators Comment Level Set Weights . Judgement Vector
Indicators
Integrated management capacity 0.0298  0.1370  0.8332  0.3708
Enterprise financial capacity 0.1040  0.7417  0.1543  0.1205 . 0.0236  0.1616  0.8148
Service support
Resource allocation capacity 0.0000  0.0726  0.9274  0.2073 process
Quality management ability 0.0000  0.0209  0.9791 0.3013
R&D and process capability 0.0000 0.0126 0.9874 0.4041
Purchasing and warehousing capacity 0.0000 0.0288 0.9712 0.0960 0.0000 0.0249 0.9751
Product

Production and manufacturing capacity 0.0000  0.0236 09764  0.3019

realization process
Maintenance and after-sales service

s 0.0000 0.0500 0.9500 0.1980
guarantee capability

Table 9. The Forth level comprehensive evaluation results.

Forth-Level Indicators Comment Level Set Weights Fifth-Level Indicators Judgement Vector

Service support process 0.0236 0.1616 0.8148  0.27586 The capabilities of enterprises 00065 0.0626 0.9309
Product realization process 0.0000 0.0249 09751  0.72414 entering military products market

5. Discussions

For civilian manufacturing enterprises, entering the military products market is a major decision,
as it is crucial to the sustainability and future development of these enterprises. The calculated results
show that for manufacturing enterprises, the quality of the product realization process has a great
influence on whether they can enter the military products market. The results suggest that, from
the perspective of the whole process of product realization, the empirical company should prioritize
participating in the military products market.

In fact, according to the final evaluation results, the top manager of the empirical company decided
to mobilize all resources of the enterprise to participate in the military products market. To ensure the
effective promotion of the enterprise in participating in the military products market, the top manager
first obtains the evaluation value of the second-level indicator by the value of the judgment vector in
Table 6.The evaluation values of the secondary indicators are shown in Figure 2.

Figure 2 shows that the scores of the service support process are relatively low, especially those of
achievable economic benefits, operation capacity, and document and record management. The top
manager analyzed the causes as follows. In terms of the actual situation of private enterprises
participating in the military products market, it is very difficult for enterprises to obtain economic
benefits in the short term because the pricing of military products is not floating but rather follows
a “pricing cost plus” mode or “target price management” mode, which is led by the military. In the
early stage of military product manufacturing, enterprises need to invest a relatively large number
of human and material resources to match the performance indicators of military products, which
leads to the relatively high cost of the products produced at the beginning, so the score of achievable
economic benefits is low.

It is also understandable that the operation ability score is low. The purpose of such an entity
enterprise is to make a profit. In the early stage of participating in the military products market, the
enterprise will go through the process of prototype trial production, product finalization, small-scale
mass production, batch production, etc., and its sales volume expectation for military products is
difficult to grasp. If too much R&D and inventory are put into the enterprise, then it is not good for the
turnover of the enterprise, so the survey respondents will reduce the expected value of the operational
capability score.

Document and record management is the key rectification project of the enterprise, which has not
only a low score in this evaluation but also problems in the internal and external audits. These problems
are mainly manifested in the following aspects.
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1. The controllability of production documents is poor. Uncontrolled documents appear in the
production workshop and are used by field personnel.

2. The guidance of production documents is poor. It is difficult to realize the operation content in
individual documents under the existing conditions.

3. The consistency of production documents is poor. The same or similar content sometimes appears
in different documents, but due to the documents being drawn up at different times, the content
is inconsistent and even conflicting.

4. The traceability of records is poor. The production records for individual parts cannot be traced
back to their process processors.

Evaluation value
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Figure 2. The evaluation values of the secondary indicators.
In view of the above problems, the enterprise has taken the following rectification measures.

1. A meeting regarding document and record problem rectification was held and decided to
establish the rectification team, with the top manager as the team leader and the heads of each
department as team members; this meeting also clarified the self-inspection content of each
department’s documents.

2. All departments checked the existing documents of their departments and summarized the
existing problems within the limited period.

3. The top manager held the second meeting regarding document and record problem rectification
to confirm the cleaning, cancellation and revision content of the problem documents and to assign
each task to a specific responsible person.

4. The quality department recycled and voided the existing documents and records of each
department, reissued the revised documents and records, and tracked the operation effect of the
feedback documents and records.

In fact, the document record is the information carrier with reference value that is formed in
the process of enterprise production, operation, and management. By tracing and statistics of the
document record, the enterprise can constantly improve itself. Therefore, it can be said that the
document record is not only the internal requirement to improve the soft power of the enterprise, but
also the guarantee of the sustainable development of the enterprise. Through its own rectification, the
empirical enterprise has improved the document and record management process, and after nearly six
months of actual operation, it began to apply for military production qualification and obtained the
qualification of being an equipment manufacturer in December 2018, which was an important step for
the enterprise in participating in military competition. Now, the enterprise is actively applying for a
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license for the scientific research and production of weapons and equipment and the confidentiality
qualification certificate. It is believed that the enterprise will complete the established plan in the near
future and enter the military products market. It can be seen that this paper provides decision support
(i.e., whether to enter the military products market) for enterprise decision makers and a reference for
enterprise decision makers to effectively identify the influencing factors of sustainable development of
enterprises. Therefore, it can be said that this paper has good practical significance.

6. Conclusions

The sustainable development of an enterprise is a process where by an enterprise seeks the
means for its own survival and permanent development. In this process, enterprise decisionmakers
should consider not only the realization of its own business objectives but also the needs of future
development. This paper provides both a direction of enterprise development for enterprise
decisionmakers and a method to identify the influencing factors of enterprise sustainable development
for enterprise decisionmakers.

To propose a model for civilian manufacturing enterprises to evaluate their CMEE-MPM
capabilities, this paper sets up an evaluation framework based on the whole process of product
realization and organizes the evaluation criteria and corresponding evaluation indicators. Through
the AHP and modified Delphi method, we obtained the weight of each evaluation indicator in
the evaluation system and performed empirical research with the help of the fuzzy comprehensive
evaluation method. This empirical study shows that the indicator system we set up has effectively
grasped and solved the decision-making problem concerning whether or not civilian manufacturing
enterprises should enter the military products market. In practical applications, this indicator system
can provide decision support for top managers and identify bottleneck problems in the process of
entering into the military products market. In addition to solving the urgent affairs of enterprises, this
system can also provide theoretical support for improving the core of enterprises’ competitiveness and
sustainable development.

Although this paper has achieved some important results, in fact, CMEE-MPM remains a very
complicated process, which requires not only the efforts of the enterprise itself but also accordance with
the requirements of documents, such as Regulations of the people’s Liberation Army on the administration of
qualification examination of equipment manufacturing units and Regulation on Licensing Administration of
Scientific Research and Production of Arms and Equipment. The enterprises to be enlisted in the military
purchase system must be non-foreign-holding enterprises that have been established in the territory
of the People’s Republic of China for more than three years, and their legal representatives or actual
controllers must be of Chinese nationality. The quality management system must have been operated
for more than three months. These enterprises must have had no serious violation of laws or dishonesty
and no strict record of delayed delivery in the past three years. Moreover, the indicator system
constructed in this paper meets most of the conditions of CMEE-MPM. Several conditions, such as the
confidentiality system, financial management system, and measurement management system, are not
considered in this paper and thus are subjects that require further study.
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Appendix A

Table Al. Indicator system for CMEE-MPM capabilities.

The Goal Category Constraint

Criterion

Index

Integrated management
capacity

Thoughts integration

Management’s willingness to enter military products market

Employees’ ideological understanding to enter the military products market

Administrative management

Completeness of internal management system

Perfect situation about organizational structure of enterprises

Emergency response capability

Social recognition

Position of enterprises in the industry

Enterprise’s prestige

Value of enterprise customer satisfaction

Documents &records management

Acquisition of military standard documents

Completeness of production operation instructions

Traceability of process file records

Enterprise financial capacity

The CMEE-MPM Service support
capabilities process

Operation capacity

Proportion of R&D investment in military-related products

Inventory input ratio of military-related products

Achievable economic benefits

Current economic benefits

Long-term economic benefits

Resource allocation capacity

Infrastructure

Production and operation environment

Production equipment allocation situation

Test equipment allocation situation

Maintenance equipment allocation situation

Staffing allocation

R&D staffing allocation situation

Production staffing allocation situation

Test personnel allocation situation

Maintenance staffing allocation situation

Quality management capacity

System execution capacity

Management review

Internal audit

External audit

Continuous improvement capacity

Completion rate of corrective and preventive measures

Continuous improvement project completion rate on schedule

Process management capacity

Misjudgment rate of raw material inspection

Non-conformity control rate of delivered products

Qualification rate of one-time inspection of reworked and repaired products
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Table Al. Cont.

18 of 23

The Goal Category Constraint Criterion Index
Qualification rate of disposable sample delivery
R&D capacity Transforming ability of scientific and technological achievements

R&D and process capacity

Design schedule punctuality rate

Design error rate

Process capacity

Timeliness of contract review

Error rate of contract review

Purchasing and
warehousing capacity

The CMEE-MPM Product realization

Procurement

Qualification rate of raw material purchase

Timely arrival rate of raw materials

Materials

Accuracy of raw material distribution

Stock error rate of raw materials

capabilities process

Production and
manufacturing capacity

Production process

Process rework rate

Product delivery rate on time

Qualification rate of one-time delivery of products

Equipment management

Failure rate of key equipment

Failure rate of main equipment

Maintenance and
after-sales service
guarantee capacity

After-sale service

Serving on time

Post-service satisfaction

After-sales guarantee

Reserve of after-sales spare parts

Reserve of after-sale finished products
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Table A2. The indicator weights for each level.

19 of 23

The Goal Category weights Constraint weights Criterion weights Index weights

Management’s willingness to enter military products 0.8806

Thoughts integration 0.0675 market '

Employees’ ideological Understanding to enter
s 0.1194
military products market

Administrative 05252 Completeness of internal management system 0.5745
management ’ Perfect situation about organizational structure of 02633

enterprises ’
Integrated Emergency response capability 0.1622

. 0.3708

management capacity Position of enterprises in the industry 0.1544
Social recognition 0.1539 Enterprise’s prestige 0.4160
Value of enterprise customer satisfaction 0.4297
D ts & d Acquisition of military standard documents 0.1200
CMEE-MPM  Service support 02759 O o e 0.2534 Comal oroduc — : 03351

capabilities process management ompleteness of production operation instructions .
Traceability of process file records 0.5449
Proportion of R&D investment in military-related 0.8261

Operation capacity 0.3038 products '
Enterprise financial 0.1205 Inventory input ratio of military-related products 0.1739
capacity ' Achievable economic 0.6962 Current economic benefits 0.1702
benefits Long-term economic benefits 0.8298
Production and operation environment 0.4082
Infrastructure 0.5000 Production equipment allocation situation 0.3122
Test equipment allocation situation 0.1528
Resource al}ocatlon 0.1205 Maintenance equipment allocation situation 0.1267

capacity

R&D staffing allocation situation 0.5527
Staffing allocation 0.5000 Production staffing allocation situation 0.2415
Test personnel allocation situation 0.1175
Maintenance staffing allocation situation 0.0884
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Table A2. Cont.

The Goal Category weights Constraint weights Criterion weights Index weights
Management review 0.5792
System execution capability 0.3333 Internal audit 0.0899
External audit 0.3309

Completion rate of corrective and preventive

. 0.7681
Quality man.agement 03013 Continuous improvement measures
capacity capability 0.3333 Continuous improvement project completion rate on
0.2319
schedule
Misjudgment rate of raw material inspection 0.0845
Process management 03333 Non-conformity control rate of delivered products 0.7489
capability . Qualification rate of one-time inspection of reworked 0.1665
and repaired products '
Qualification rate of disposable sample delivery 0.4110
Transforming ability of scientific and technological
s . 0.0695
R&D capability 0.7333 achievements
R&D and process
CMEE-MPM capability 0.4041 Design schedule punctuality rate 0.1120
capabilities Design error rate 0.4075
Process capacity 0.2667 Timeliness of contract review 0.1649
Error rate of contract review 0.8351
Procurement 0.7419 Qualification rate of raw material purchase 0.6863
Purchasing and 0.0960 Timely arrival rate of raw materials 0.3137
Product warehousing capacity ' . Accuracy of raw material distribution 0.6667
realization 0.7241 Materials 0.2581 :
process Stock error rate of raw materials 0.3333
Process rework rate 0.0752
. Production process 0.5000 Product delivery rate on time 0.3836
Production and
manufacturing 0.3019 Qualification rate of one-time delivery of products 0.5412
capacity : .
Equipment management 0.5000 Failure rate of key equipment 0.7746
Failure rate of main equipment 0.2254
Servi ti 0.5897
Maintenance and After-sale service 0.5000 erving on fme
. Post-service satisfaction 0.4103
after-sales service 0.1980
guarantee capability After-sales guarantee 0.5000 Reserve of after-sales spare parts 0.8049

Reserve of after-sales finished products 0.1951
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