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ABSTRACT

Purpose: The purpose of this study is to design an objective and comparable diagnostic system for diagnosing
the technology level of military maintenance depots and verify its actual applicability.

Methods: Literature Review, Capability Maturity Model Integration, Analytic Hierarchy Process.

Results: Military maintenance depot maintenance quality level diagnosis items, Maintenance quality level by
maintenance technology area, Guidelines for diagnosing maintenance quality level, Quality level comparison
results by area and implications for improvement.

Conclusion: In order to systematically evaluate the maintenance quality of military maintenance depots, this
study was conducted with the goal of designing an overall maintenance quality diagnosis system, including
diagnosis areas, diagnosis items, and a diagnosis score award system, by improving the existing evaluation
method. In addition, the newly developed maintenance quality diagnosis system was applied to actual evaluation
activities and the results were returned to members, confirming the usefulness of the developed maintenance
quality diagnosis system in the field.
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Table 1. Literature research details and derived implications

Research topic

Author(s)

Implications of literature research

Quality in the
defense sector

Sung-Do Kim et al.(2016)

Jin—Chun Ju et al.(2016)

Jun-Hyun Park et al.(2019)

Younggkwon Jeong et al.(2019)

Spreading awareness of the importance of quality

Young Hyun et al.(2022)

management system in the military field

Dong-Hyeon Ko et al.(2023)

Research on systematization of defense quality
management continues.

Yeong-Min Lee et al.(2022)

Jung-Jun Ahn et al.(2019)

Continued research on improving defense quality
level diagnosis methods

Min Cheol Lee, et al.(2023)

Namsu Ahn(2023)

Jae Young Shin et al.(2023),

Jaedong-Kim et al.(2022)

Seungyoon-Lee(2020)

Increasing demand for supplemental military
maintenance depot operation strategies in response
to changes such as the 4th Industrial Revolution

Military Hoo-Joo et al.(2016) . . . .
maintenance depot Raising the need for innovation to improve
P Sungmin-Shin et al.(2020) productivity of military maintenance depot work
development

Inn-Sung Jeong et al.(2019)

Dae-Hyeon Kim et al,(203)

Continuing research on diagnosis of maintenance
depot work level and customized innovation
methods

Expanding the
application scope of
the CMMI model

Seunghoon Hyun et al,(2006)

Kyoung-Shik Cho et al.(2019)

Chang-Hyun, Choi(2019)

Jeong yeol Lee(2015)

Jeong yeol Lee et al.(2015)

Jin ho Lee et al.(2016)

Raising the need for integration between CMMI and
quality management system

Exploring the introduction of CMMI to improve
defense quality

Yongsik Jang et al.(2016)
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Table 2. Depot maintenance technology classification
Main category Middle category Sub category
Composite material - Composite material repair
- General-purpose milling machine cutting
- General-purpose lathe machine cutting
Machining - General-purpose equipment grinding processing
- Automation equipment processing
1. Fundamental - Electric discharge machining

Manufacturin, ;
g - Mechanical surface treatment

Anti-rust treatment .
- Surface treatment (coating)

Heat treatment - General heat treatment

- Mechanical element design

Design .
& - Component design

- Waterjet cutting

- Sheet metal work by hand

Sheeting -Machine cutting

-Bending of sheet metal pipe and section steel
- Bone repair

- Shot peening

2. Material D0t e
e Surface treatment ry plating
- Wet plating

- Anodized
Welding work - Welding
Coating - Plasma coating

Tube produce - Tube bending
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Main category

Middle category

Sub category

3. Inspection/
Measurement

Non Destructive
Inspection

- 3D measurement
- Radiation non-destructive inspection
- Metal material analysis

4. Analysis

Chemical analysis

- Chemical analysis

5. Parts maintenance

Heating parts

- Heating parts maintenance

Fuel parts

- Fuel parts maintenance

Hydraulic parts

- Hydraulic parts maintenance

Electrical parts

- Control parts maintenance
- Electrical parts maintenance

6. Engine maintenance

A081

- Depot-level disassembly and assembly
- Depot-level inspection

A101

- Depot-level disassembly and assembly
- Depot-level inspection

T3 O 2oPd edT BAS 98 Aurlse] Agdgs oY, ], T2 A, A 7)o AV E
Aolstelet. 71 AU ARG A, g, A, 71EH S0S AEsel AudTe 2utEs) 5 v
AFE agfste] 71E Gl ZEAMAE Frkete] Q1Y 4], ZEAX A, 7] F 5Ul IT9E S okl
AU Ve AdE s 97 AR Ao e ol <& 3>3 At

Table 3. Depot maintenance technology evaluation level Diagnosis area and item definition
Area Item Definition of Item
1.1 Concordance with . . .
. Congruence between maintenance field and major
major
1.2 Maintenance Extent of experience related to depot maintenance
experience jobs(Maintenance work skill or execution period)
1. People - — - - -
1.3 Maintenance Ability to perform depot maintenance duties using the
capability skills possessed(maintenance proficiency)
1.4 Maintenance Understanding of the relevant skills required for
knowledge successful depot maintenance work
. Maintenance status considering the economic life and
2.1 Equipment . . .
. degree of deterioration of the equipment for the
maintenance . .
corresponding depot maintenance
2.2 Investment in new Purchase of new equipment related to depot
. equipment maintenance at the time of need

2. Machine - — - - :

2.3 Equipment Utilization | Knowledge and operational skills required to operate
Capabilities depot maintenance-related equipment

2.4 Equipment Functions and scope of application of equipment to apply
performance new and required technologies to depot maintenance
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3.1 Maintenance
process(prevention
focus)

Depot maintenance-related work procedures and
procedures(Records and document management)

3.2 Organization and
operation

Proper organizational structure and operation room
related to depot maintenance

3.3 Required human

Whether the necessary manpower is secured for

resources performing depot maintenance duties
3. Process ) o ) o )
3.4 Maintenance training | Education and training infrastructure to acquire the
infrastructure necessary skills for successful depot maintenance work
Whether the necessary technolo 1s  secured
3.5 Technology . L Y . gy.
. considering the timing of application of depot
acquisition .
maintenance
3.6 Informatization Understanding and utilization of IT technology, including
capability data analysis capabilities
- Whether the required level of facilities is secured
4.1 Facility level . . .
according to maintenance activities
4. Facility

4.2 Facility investment

Adequate Investment
including new facilities

in maintenance of facilities,

5.1 Importance of
technology

The importance of the required technology in the field
of depot maintenance

5.2 Utilization of

5. Technology technology

Degree of utilization of other (weapon system, etc.)
maintenance tasks applied with required technology

5.3 Difficulty of skill

Expected degree of difficulty in developing and acquiring
required technology

4 TRECADE BHEE A ELikert) 75 A==

o= F-gehut BrHdaE B 45 b Hlal(el: Al ]eE A

Table 4. Definition of technical level diagnosis evaluation result criteria

Level

Description

Initial Level
(Level 1

Under Level 2)

At this stage, the military maintenance system is not yet complete, and the maintenance
service is simple maintenance and spare parts support service. The scope of work related
to maintenance work is small, and a stable customer relationship has not yet been
established. Services or related organizations are not standardized and immature.
Maintenance service capacity is low and in its infancy
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Level

Description

Basic Level
(Over Level 2

Under Level 3)

At this stage, the overall skeleton of the military maintenance service system is basically
formed through the training process, the related organizational structure is more
reasonable, and the maintenance service has accumulated some experience over a long
period of time. Progressively more comprehensive maintenance work and larger
maintenance team. In addition, the maintenance service process has become more
standardized, maintenance service network, supplier support network, and spare parts
support network have been established, and basic capabilities such as customer response
capability, maintenance support, and engineering technical support have been established.
Maintenance work is still immature or in the stage of completion.

Defined Level
(Over Level 3

Under Level 4)

After several years of work, the military maintenance service system is relatively complete
at this stage, and has an optimized organization, standard maintenance service process,
equipment reliability monitoring management ability, rapid response ability, engineering
technology support ability, maintenance support ability, etc. In addition, it has a professional
team to meet the maintenance needs of large equipment at home and abroad, management
ability of related suppliers, spare parts support network, and ability to compile high-tech
publications. Achievement of international standards or requirements in maintenance
training quality, spare parts support system, technical publication compilation level,
maintenance support system, etc.

Managed Level
(Over Level 4

Under Level 4.5)

At this stage, the military maintenance service system is almost mature. This is the stage
of establishing a global service network equipped with domestic and foreign military support
capabilities for engineering technology support. To support training, we have core
competencies for equipment operation support, training, and research. It also has a more
mature spare parts support network, logistics network, etc. for spare parts support. In
addition, it has a mature customer relationship management system that can communicate
with customers (units requiring maintenance) and achieves a higher level of customer
satisfaction by establishing a digitalization system.

Optimal Level
(Over Level 4.5)

At this stage, the capability of the maintenance service system becomes one of the core
competitiveness of the military. The military maintenance unit has its own R&D team and
independent intellectual property rights for new technologies and new theories. The
equipment maintenance service system is continuously evolving as part of the development
of our military capabilities.
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Delphi step 1

Expert opinion verifies whether the composition of diagnosis

Feasibility analysis of item
ty Y items defined by 4 areas for diagnosis of technology level is

composition by diagnosis area appropriate to achieve the purpose of diagnosis

'-—[ Likert Scale survey and open-ended opinion gathering ]

Delphi step 2 Expert verification of whether the content of the level diagnosis
survey (description for each level) for each diagnosis item for
Validity analysis of survey which validity verification has been completed is appropriate in

consideration of the purpose of diagnosis and the level of

contents for each diagnosis item - ! ‘ 2
understanding of the diagnosis participants

-—[ Likert Scale survey and open-ended opinion gathering ]

Delphi step 3
Derivation of weight Weighting through AHP technique for each diagnosis
between diagnosis items item to evaluate the skill level by diagnosis area

Figure 2. Step—by-step activities of Delhi analysis to verify technology level diagnosis system
3.4.1 Wsjo] 7ol I 7144 AuRe| ey 2Abas
duto] 1eHA Aol = F 14279 @4 AE7P7h Holsiglon, A= A4 £ZE 9|9l IBM SPSS
Statistics 2602 A3t} o] 19H4] AEZ2A} Ao gldms} A= 7 %-% ?J8f WolAGCV co-
efficient of variation)$} Z&u}5} 23K(Cronbach's alpha)E B 716}t Wol A4 Weke] FFAAE A&
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Table 5. Results of a feasibility study on technology level diagnosis items
Area Item Mean SD CV Cronbach a
1.1 Concordance with major 3.64 1.138 0.31
1.2 Maintenance experience 4.32 0.847 0.20
1. People 0.7
1.3 Maintenance capability 4.39 0.672 0.15
1.4 Maintenance knowledge 4.36 0.775 0.18
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Area Item Mean SD Cv Cronbach a
2.1 Equipment maintenance 3.96 0.988 0.25
2.2 Investment in new equipment 3.99 1.095 0.27
2. Machine 2.3 ]éc;t;iapénﬂietrl}(tesUtilization L4 0,695 0.16 0.766
2.4 Equipment performance 4.17 0.816 0.20
> giiii?g:genﬁon focus) 24 0.798 0.19
3.2 Organization and operation 4.28 0.747 0.17
3. Process 3.3 Required human resources 4.2 0.853 0.20 0786
o4 Mamtenance training 413 0.798 0.19
3.5 Technology acquisition 4.16 0.813 0.20
3.6 Informatization capability 3.75 0.835 0.22
4. Facility 4.1 Facility level 4.18 0.839 0.20 0.832
4.2 Facility investment 4.01 0.907 0.23
5.1 Importance of technology 4.27 0.764 0.18
5. Technology 5.2 Utilization of technology 4.35 0.736 0.17 0.799
5.3 Difficulty of skill 4.2 0.774 0.18
3.4.2 ASFE 7153 24
N5z Auwske] W91 PP %o ARF N N|E5E A9 574 G99 AFAE 2
o o1 o1 ol AR > AHFER) > BT > 301 PAIFI 1528 e 91
57 e AFA} 244 & Aol $9sE AS v,

YA AR AN F GRS o 33
S

O gy
T =

AHP ZA} A4 9]

>

< A is more important

B is more important —

9187|6543 2

3

415
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1. Maintenance
experience

2. Maintenance
proficiency

1. Maintenance
experience

3. Technology
understanding

2. Maintenance
proficiency

3. Technology
understanding

Figure 3. AHP survey questionnaire(Partial)
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Table 6. Determination of weight for each diagnostic area(%. Partial)

ikt litlle Sub category 1. People | 2. Machine | 3. Process | 4. Facility O
Category category Technology
Couosts | Compoits 16.7 18.3 16.3 23 95.7
e material | material repair
General-purpo
se milling 31.8 22.6 6.9 13.2 25.4
machine cutting
eneral-purpose
lathe machine 40.9 11.9 19.8 7 20.3
cutting
Machining Generalh—purp;)
S¢ equipmen 30.6 21.8 6.5 10.3 30.8
grinding
processing
Automation
equipment 24.9 22.8 8.2 13 31.2
Fundamental RIOCCSTS
Manufacturing EDM 32.8 24.3 6.7 10.7 25.6
Mechanical
surface 8.4 42.4 9.6 19 20.6
Anti-rust treatment
treatment Surface
treatment 37.1 4.7 5.9 26.3 26
(coating)
Rl | (emarl Lt 20.2 18.4 12.1 9.1 40.2
treatment treatment
Mechanical 413 9.1 8 6.9 34.7
. element design
Design C
omponent 27.8 10.9 46 11.9 44.9
design
T 20.2 18.4 12.1 9.1 40.2
treatment treatment
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Table 7. Maintenance technology diagnosis results applying CMMI maturity level(Partial)

1. People | 2. Machine| 3. Process | 4. Facility O )
] ) Technology | Weighted
Main Middle Sub - - - - - - - - - - 1 CMMI
Category | category | category Diagnostic | Diagnostic | Diagnostic | Diagnostic | Diagnostic | overa Level
score score score score score score
(Weight %) | (Weight %) | (Weight %) | (Weight %) | (Weight %)
3
3.75 3.54 3.69 3.67 4.10 .
(16.7) (18.3) (16.3) (23) (25.7) 377 | (Defined
Material Level)
repair | Compared to other areas, the importance of technology and facilities is relatively
high, and maintenance technology has almost mature technological capabilities.. It
is judged that the maintenance service system has been completed in all areas..
3
4.06 2.99 3.41 3.00 3.13 .
(3.7 (41.6) (17.8) (21.9) (14.9) 313 | (Defined
Level)
Fundam . . ] ] .. . 3
ontal Machin | Cutting It.IS Ju.dge.d that basic equu?ment for mamten.a.n.ce service is in place asitis a .fleld
Manufac ing with high importance of maintenance and facilities, but support is needed to quickly
turing respond to maintenance support work., It is judged that the company has secured
human resources with technical capabilities capable of providing global maintenance
support.
3
4.26 3.41 3.25 3.07 3.53 .
@34) | 199 | az4 | @9 | @5 | 355 | Defined
Level)
Machine [——— ; ; B . ;
cutting It is judged that the maintenance service system is relatively complete. In particular,
it is judged that manpower has human resources with technical capabilities capable
of providing global maintenance support. It is determined that the facility has facilities
that meet the maintenance needs of large equipment.
3
4.07 3.43 3.33 3.00 3.38 .
(20) (40) (10) (14) (16) 348 | (Defined
Level)
Bending | It is an area where the proportion of equipment is very high compared to other areas,
and it has equipment that can quickly respond to maintenance support tasks under
a relatively completed maintenance service system. It is judged that it has human
resources capable of providing global maintenance support.
3
3.65 3.41 3.05 3.33 3.47 .
(28.7) (13.2) 8.7 (26.5) (22.9) 344 | (Defined
6 Level)
Materi Sheeting regrela(fr It is a field of high importance in order of human resources, facilities, and technology,
als and has a relatively complete maintenance service system.. Efforts are needed to
optimize the standardized maintenance service process using information technology,
etc., and it is judged that it is possible to build a smart process through this.
3
3.49 3.54 3.36 3.19 3.32 .
LY | @26 | 69 | (32 | @54 | 541 | Defined
Level)
Milling It is judged that a relatively complete maintenance support system has been

established in the fields of high importance in the order of manpower, technology
and equipment, but efforts to smartize the process related to maintenance support
are needed. It is judged that efforts to standardize/optimize the maintenance support
process using information technology are necessary.
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