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ABSTRACT 

This paper focuses on the selection of military GOCO entities. According to the Taiwanese Government 
Procurement Act, open tenders must select the contractor offering the lowest price, and this also applies 
to GOCO entities. However, the lowest price does not necessarily guarantee the best service, specifically, 
in this paper, for military aircraft maintenance. Therefore, this paper applies Failure Mode and Effects 
Analysis (FMEA) and gray relational analysis to determine the best contractor for aircraft maintenance. 
FMEA can effectively determine contractor risk values, based on quality, and gray relational analysis 
can rank these contractors. Thus, decision-makers can use as a reference. 
 

INTRODUCTION 

As Cross-Strait relations have become relatively stable and peaceful, the Taiwanese government has 
begun to minimize the size of their military as a result of defense budget cuts. However, in order to 
effectively maintain defense readiness, partial privatization has become a possible solution in the face of 
these budget cuts. There are various means of privatization, and GOCO (Government Owned Contractor 
Operated) is one of method, in which the government provides factories and equipment to contractors. 

However, the primary function of the national arsenal run by private contractors is to meet the 
requirements of national defense and combat training, in addition to reducing costs. The selection of 
proper arsenal contractors will therefore influence the success of future army-building and 



war-preparation in the national military. 

Currently, the selection of such contractors is predominantly based on the open-tender model of the 
government’s procurement regulation and on cost. This paper therefore applies Failure Mode and Effects 
Analysis (FMEA) and grey relational analysis to determine the best contractor for aircraft maintenance. 
Since there are not many decision-makers involved in selecting contractors for the national military, thus 
grey relational analysis can be applied to a small sample and then establish a contractor selection model.   

FMEA is a type of preventive reliability analysis technique with the main purpose of identifying 
possible failures in system models, and exploring various reasons for, and influences on those failures. It 
then adopts preventive measures and searches for possible improvements so as to ensure product 
reliability [1]. Since there are different stages in the FMEA process, including product design, 
manufacture, system planning and post-marketing services, there are four different types of FMEA 
model, namely FMEA design, FMEA manufacturing processes, systematic FMEA and service FMEA. 

FMEA implementation begins from a failure mode, and all related causes must be scrutinized so as to 
allow users to understand the whole situation. With more complicated manufacturing, a product’s 
functions can be divided into several sub-systems. Each sub-system can then be further divided into 
more units, and based on the possible failure mode and effect analysis generated by each unit, and the 
most effective preventive and corrective measures will be adopted. The implementation process is 
generally analyzed from the parts level to the system level, i.e. a bottom-up sequence. However, when 
the function of systematic software and a hardware item can be recognized, or when the system is quite 
complicated, the sequence can be run from the top down, from the beginning level to the lower levels, i.e. 
from the system level to the parts level. There are eight major steps in FMEA execution: 1. defining the 
function of the system; 2. deciding the level of analysis; 3. listing the potential failure mode; 4. 
determining the reasons for, and influences of the failure; 5. assessing the value of the failure risk; 6. 
working out preventive and improvement measures; 7. evaluating the improvement results; 8. tracing 
and checking [2][3].   

The primary focus of grey relation analysis is to establish a model in a situation with a highly uncertain 
systematic model or information source. The system is then analyzed and understood by prediction. 
Grey relation analysis is a kind of measure to study and analyze the relevant degree between discrete 
values. It is based on a geometric series of behavioral factors in order to research and analyze the 
influence degree between certain factors, or the factors’ influence degree on the main system. By 
counting grey incidence analysis, the grey relational analysis of each factor sequence can be obtained. 
This grey relation represents the proximity between each factor and the main system, and the relative 
relationship between an objective function and expected value can therefore be obtained by grey relation 



 

 

results. 

The steps of grey relational analysis include: generating ash, performing sectional or holistic analysis 
and distinction, calculating difference sequences, selecting recognition factors and calculating grey 
correlation coefficients, grey correlation degrees and grey relations. 

 

RESEARCH METHOD 

This study first establishes the items that constitute contractors’ maintenance quality, and then uses 
FMEA to analyze contractors’ maintenance quality failure modes. It then uses grey relation analysis to 
array the contractor priorities, and to list outstanding contractors as qualified. 

FMEA analysis 

To begin, this study mainly focuses on evaluating and selecting contractors’ aircraft maintenance quality, 
and the items of assessment are based on ten crucial systems, including aircraft engine systems, flight 
control systems, hydraulic systems, cabin escape systems, environmental control systems, ordnance 
systems, communication systems, instrumentation systems, structural systems and electrical systems.  

The most commonly used approach for assessing failure risk values is risk priority number (RPN), 
which assigns weight scores to the frequency of occurrences (O), their severity (S) and their 
detection (D). The computation is as follows: RPN = (S) × (O) × (D). 

This study uses RPN to determine the prioritized sequences of a potential failure mode, and then to 
determine which failure item should be handled first. Then, based on existing control patterns, failure 
detection methods can be worked out, remedies sought, or appropriate corrective action can be 
determined so as to become action references for failure prevention or design improvement and 
engineering weaknesses. After redesigning the production process or implementing remedial measures, 
it should be determined whether the system failure situation has improved or refined. The improvement 
should then be retained as a reference for other similar failure modes and effect analyses.  

 

Grey relation analysis 

The steps for grey relational analysis are as follows: 

1. Grey Relational Generating Operation (GRGO): When the RPN sequence targets are different, 
fewer expectations are preferable. The grey system theory formula is as follows: 
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2. Setting recognition factor ζ: the recognition factor ζ serves mainly as a relative comparison 

between background values and units under test. The size of the value can be adjusted according to 
the operator’s actual needs, while the recognition factor ζ is any real number between 0 and 1, and is 
generally set as 0.5. 

 
3. Searching for grey relation factors: during the  grey relation factor generation process, the size of 

recognition factor r can be adjusted properly according to real requirements. The purpose of this is to 
adjust the contrastive relation between the value under test Δij and the background value Δman. 
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4. The counting of grey correlation degree and grey sequencing: after searching for the grey 
relation factor, the average value of the grey relation factor is the grey correlation degree. If the 
weights of the factors being considered are the same, the counting mode will be as follows: 
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The grey correlation degree is made of the average weight of grey relation factors. The grey correlation 
coefficient value is 1. 

The method for selecting private contractors to operate the national arsenal factory proposed by this 
study not only uses FMEA to determine contractors’ aircraft maintenance quality, but also relies on grey 
relational analysis to determine the priority of contractors, and provide references for the national 
military to use in awarding tender project contracts.     

CASE STUDY 

In aviation, any risk or danger of failure of crucial systems while an aircraft is in flight is considered 
untenable. The required standard of aircraft maintenance quality is therefore far higher than in any other 
form of transportation, and cannot be set based on the bidding amount offered by a potential contractor.  

First, the FMEA is built. Then, based on the aircraft’s 10 systems, the table below, focused on the 



 

 

system failure modes, is set up. Subsequently, the table is filled with various risk values according to 
each factory, so as to provide subsequent calculation of grey relational analysis. 

 
Table 1. FMEA table. 

 
 

According to the inspection of quality control failure among three factories’ annual maintenance for 10 
aircraft at repair stage, the failures of each factory are as follows: 

 
Table 2. Failure counts for three factories. 

Category\Factory A B C 
Aircraft engine system 32 34 41 
Flight control system 44 44 55 
Hydraulic system 76 70 48 
Cabin escape system 88 78 95 
Environmental control system 44 82 48 
Ordnance system 24 26 41 
Communication system 45 32 23 
Instrumentation system 46 34 69 
Structural system 50 20 26 
Electrical system 20 26 13 

 
Each factory can obtain its RPN of various systems as follows: 



Table 3. RPN Values for three factories. 

Risk value\Factory A B C 
Aircraft engine system 135 162 216 
Flight control system 192 224 280 
Hydraulic system 245 192 196 
Cabin escape system 320 175 225 
Environmental control system 144 288 168 
Ordnance system 40 32 128 
Communication system 160 90 60 
Instrumentation system 112 84 192 
Structural system 60 36 30 
Electrical system 24 36 18 

 

Based on RPN, applying grey relational analysis according to the difference counting sequence, setting 
recognition factor value ζ, and obtaining the grey correlation coefficient, the results obtained are as 
follows: factory A = 0.645; factory B = 0.718; and factory C = 0.654. Since the sequence of the three 
factories is B＞C＞A, factory B is superior to factory C, and factory C is superior to factory A. 

Currently, the governmental procurement law is based primarily on cost, and the above results suggest 
that the national military should adopt a quality standard test for each factory before working out the 
bidding document, so as to be able to choose the best factory to effectively meet the national military’s 
requirements.  

 
CONCLUSION AND SUGGESTION 

The current selection of contractors for privately run national arsenals is based primarily on open tender 
bidding, under the government’s procurement regulation, and the choice of tenders is based primarily on 
cost. In order to prevent such a selective approach taking cost as the only criteria and subsequently 
negatively affecting the support functions for the national military’s combat readiness status, this study 
uses FMEA, which can offer bidding factories suggestions for quality improvement. This study further 
uses grey relational analysis to build a selection model of contractors to determine which factories 
should receive priority, providing useful information to government policy- and decision-makers. 
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