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Abstract Maintainability indicates how easily a system can be restored to the normal state when a system failure
occurs. Systems developed to have high maintainability can be competitive due to reduced maintenance time,
workforce and resources. Quantification of the maintainability is possible in many ways, but only after prototype
production or with historical data. As such, the graph theory and 3D model data have been used, but there are
limitations in management efficiency and early use. To solve this problem, we studied the maintainability index of
weapon systems using SysML-based modeling and simulation technique. A SysML structure diagram was generated
to simultaneously model the system design and maintainability of system components by reflecting the maintainability
attributes acquired from the system engineering tool. Then, a SysML parametric diagram was created to quantify the
maintainability through simulation linked with MATLAB. As a result, an integrated model to account for system
design and maintainability simultaneously has been presented. The model can be used from early design stages to
identify components with low maintainability index. The design of such components can be changed to improve
maintainability and thus to reduce the risks of cost overruns and time delays due to belated design changes.
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Fig. 1. MBSE and Maintainability M&S Integration

it

2. BE o7

2.1 AAICHA ™H|E "It A7
Graph Theoretic ApproachE &85} A Al Alol| A
AU EE oSal7] 98k UHES ARSI T4-5]. ©

I

3l
, 78 =

= — -
’ & 93l FEEl Z(digraph)E &-8-3to] A& &
Hely 9 Aexe 5o ARE Ea FUIAAY & M7ke] BAE mAAT ST node= M)
B _ oAl UAE AL s — = 7o
FAHE HRoA AAHE 2 Aok FolAA o ER™ node?he] edge's AM|&417ke] 72
- — = - -1 o= pul i 7o = o4l gul =
Al 715 84 B 8T EE RISATE Ao LRIt o]2lat Sareme gzhe @as AH| 4
T LT —= < At B HI=F e
Fa8th S87MEEE MRS Ho| A U TS & o = N A
) ‘ o FoEE Ushile #to®, 1 99 a4v' &4 &
ARLEA 22 ¢ 5. AI=E TINTIE ¥ Aks Fdet= AU E(square matrix)= W 3hskaL
= ALt T [ele] = -t
K2 al S z 3ol wEHe =
& ANAel A 28NS AR RHE S ngae vy 297 Qg W) 94 4
A eAE 7 Sk DL 3 A R e Yo permanent S ALtste] AHH|E A
© = = Ul o= T
BolstA stal RE W92 wds A HAe e . s -
izlﬁ ‘}J_EE e o }4 i; = _T; (maintainability index)E =&tk 18y A¥|=E
273 AAFE A8k 5o BuEE g A4 Nz e o] AEA o Sag oA 2
- oy o = ul H=—X FE A
£ &3 =4 F Ak 2eid T A LY Al@Et o] Aol tig weje] T840l HHehr) T
_ A8 Qr AT o T B
AE B NG A AR ST M o) aome saael gulsae Bese A
B} ol AAAREY AueE ugF Al gt 2 e
@A9] 3D 2HlE vlolHE &8st oAbAd B A
Al BZgl A Z715E AN EE A o g Al
A B3 A7) 27158 AH|eE A 0w FAsta RS AANF7] Y3 A= X]E(Maintainability
=A/3be)5 s wpde] Balo] 7]olsh). wak Al sElA o
T Blehe gel FA o] | ‘E}q ]O “‘; Indicator)E ©=Z3F1tH6-7]. 2eiu} 3D 2@g dlo]E
A FH7le A o] ARe weds 9% AAMAES 1|8 o] BAS s 247 Aoshy AT AR v
- 3 o = =1 2= o] 3 _ o = s =gl
s 98 AR A Aol WA LTI o) ey e Asw A AAZ0 488
B Gues ued dart vk e gt N
_ ] AleFe] sl ool AdMAG AAZ7] HARETL
ZHMTTR), BHAAHAIZHM) 5o2 A#sted 4= 9l 28317 ok A AT Al 2Elo] Ba]d EAS 317
O} o= AlAIFE AA o] % HE ol do]|H 7} Qe 7 3 Q)] folAdS AYgH o7 FTHI AR LS 435}
Souk F47Fssta Al2' 3% B4 S U =0 SLalsl gl
I gEHoR HeEshE Wyel aEh
ERIA] sk= Aleke] 9t o]of] # =Fol A& Fig. 1
3} o] AgAAG AAZ7] AIRE o] ofd Al 2.2 SysML 7|4t MH|E X|4 AHEO| HQAM
gHlo] Eglx EAL 7133 SSML7‘?J’E'_H]‘3] X
z’] A ﬁoo; J{Lq }j y ] Eix ] Alz="] mda] ofQl SysML(Systems Modeling
Eold 7S st A GuE AFE At Language)> st=glo], 2ZEo], AR, Az} A 5
R — , A= = , o1, =, =2 o
=3l "o sl
FERE W e 3 Faohe B el A, B4, A, 9%

89



S| Eerel=EA] A9d AlE, 2018

& 9 2y B 2 dojmA, =, 53, mdEs] 99k AAEs Weil MATLABHS] e
AFEAE 5] ThgFF ool A ARG AL SATHS). = 8l Al A 2 AU Bl Akl AHle
oleg SysMLS &8ato] A 3 AAxVF & F4%h
B 2d 7gko g g AkEr 4, JsA/EE A A T SysML 7|9ke] Au|e& wdgsty] 918k 2 A2t
o] =3} FAlo] AL E 2ddslo] MATLABY 1 %73 Cameo Systems Modeler 18.5 SP3-& %83}
A Algeolds Soff Al ol AeE AEst 3L AHE A S §18) MATLAB 2017bE 488}
o pegomm, Axg wus gus wde) Bo gtk
2 A # AAZ7IFE R B8l A/
w7t Thssint. @amro ‘\
( SYSTEMS MODELER \
Maintainability Modeling using BDD
23 ﬁ?“)lk'goH Hc>'.hl|=l-| ELJ gil- | —Attributesaynd Relatio%\deﬂ?\ition
] -
= 51— . = ributes matrix : V
E‘ 1_.%‘0/] O‘i?f[:g Xé ]"C 1g 2‘0’] @Z}Q’]’ 7\:}_’@ Generate Instance f;atio:ssmafrixll? |:\r/2111:; :g EE:E
Block Definition Diagram< S-3l “gu0| &% A2 1 penefine | ot T T Vo
- T - | Diagram 1
=] =) All bi
AolE o B4 O TAE] AUIEE maYshu || Moo
- Calculat
Constraint blockS 2|3t} Al&Z o)A 3] A T4 T Maintaabilty Index
= = Vi=[vi, Vo, oo, Vil R
o1 A& gtat Polgko] Bosu ol s THEe Rl 1 o] -
Zé }:)]_’_';:/Ké oﬂ ]:H?l— ?_]__}_\_];:j_}_\_vg_ }g/g 7‘5]:]‘ 6%7]_ _E'_/\_‘]'_% %. R= [fzh= (7 rz{n#)] permanent of matrix
$ (Written by Brian K, Butler)
s SRRV BARRRYS TG elm Al e
AH| % 22 Constraint block, R &4 7E 2 w77k Fig. 2. M&S process proposed in the paper for
S Q= R ; calculating maintainability index
S 283 Parametric Diagram®] A& 53 AR =S £ Y
Table 1. Maintainability attributes
Blanchard[9] Wani[4] Luo[6] Tjiparuro[10] Leon[11]
1. General 1. Design 1. Process 1. Design 1. Design
- Standardization - Standardization - Modularization - Standardization - Simplicity
- Components functionally |- Modularization - Standardization - Modularization - Identification
grouped - Simplicity - Simplicity - Simplicity - Modularity
- Complexity minimized - Diagnosibility - Diagnosability - Diagnosibility - Tribology
- Self test incorporated - Identification - Identification - Identification - Standardization
- Labelling - Accessibility - Accessibility - Failure watch
- MTTR minimized - Disassembly/assembly - Assembly/disassembly - Accessibility
- Repair/replace philosophy |- Tribo-concepts - Serviceability - Assembly/disassembly
- Weight - Testability
- Calibration requirements - Parts/components
- Tools & test equipment - Reliability

minimized
2. Personnel

2. maintenance staff and work
2. Personnel

- Maintenance procedure 2. Operation conditions
- Personn'el'r'equlrements - Personnel including - Accessibility - Anthropology - Ergonomics
2. Accessibility ergonomics - Assembly type - Human sensory - Training
3. Packaging - System environment - Ergonomics - Physiological - Environment
4. Connectors - Maintenance safety - Psychological
5. Handlin, L . L i
6 Fasteneri 3. Logistic support 3. Maintenance support |3. Logistic support 3. Logistics support
7. Cables - Tools & test equipment |- Spare parts - Spares procurement - Relation with the
8. Equipment racks - General | - Documentation - Tools and equipment |- Right tools availability manufacturer
9. Servicing/Lubrication - Personnel organization |- Tools & test equipment |- Personnel organization
16 Adi - Personnel skill - Documentation - Spare parts
) JuStm‘_sms - Software - maintenance tools and
11. Panel Displays/Controls equipments
12. Test points 4. Operation context - Interdepartmental
13. Parts/Components - Safety coordination_
14. Reliability - System environment - Documentation
15. Software - Operation/mission profile
16. Safety
17. Environment
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