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Abstract
olqle ZAHRT|HR|(TLCSM) S QH0l|A
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HIASIACE. AR DAE, MTBF, MTTR, ZH|E
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This study presents a methodology for quantitatively
integrating FMEA-RAM-LCC within the framework of
Total Life Cycle Systems Management (TLCSM). Using
actual failure rates, MTBF, MTTR, and maintenance
workload data, it introduces the operational availability
(A,) and risk-weighted availability (A,indicators, and
quantitatively identifies the impacts of reliability
degradation, maintenance workload, and FMEA results
on availability. Furthermore, through LCC sensitivity
analysis and the cost-effectiveness ratio (CER), it
demonstrates that improving maintainability is effective
in reducing costs, thereby advancing
TLCSM-FMEA-RAM-LCC into a practical calculation and
analysis stage and confirming its contribution to
enhancing defense acquisition and operational
efficiency.

Z4HZT|42|(Total Life Cycle Systems Management),
DAAENHSFE M (Failure Modes and Effects Analysis),
AN 7124 ZHH] M4 -H|-E(Reliability, Availability,
Maintainability, Cost);

Z=H2T|H|Z(Life Cycle Cost),

2272 E (Operational Availability),

Sl 22| AH|(Naval Propulsion Systems)
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Fig. 1. Conceptual framework for integrated TLCSM-
FMEA-RAM-C analysis[14]
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Table 1. Number of equipment(components) by compo-
nent Level

Type of equipment  Quantity of equipment

Lol (component) (component)

3 1 2

4 3 3

5 81 317

6 220 613

7 1,000 3,962

8 299 659

9 10 48
Total 1,614 5,604
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Table 2. Summary of reliability by component level

KNST

Level Component code Component name Quantity F(aX|I1Lé)re /W?rt)e M(;SF

3 PBAA Diesel engine and reduction gear 2 - -

4 PBAAAA Diesel engine 1 - -

4 PBAAAB Reduction gear 1 - -

4 PBAAAC Local control panel 1 - -

5 PBAAAAAA Cylinder head and block system 1 297.65 3,359.62

5 PBAAAAAB Fuel system 1 27.19 36,773.45

6 PBAAAAAAAA Valve mechanism cover assembly 1 84.16 11,881.43

6 PBAAAAAAAB Valve cover and injector base 1 24.34 41,091.01

7 PBAAAAAAAAQT Clamp 1 0.02 40,544,923.78
7 PBAAAAAAAADZ Valve cover seal 6 0.23 4,346,956.70
8 PBAAAAADABAADT Pump housing 1 0.04 24,002,688.30
8 PBAAAAADABAAO2 Ferrule 1 1.28 778,490.01

9 PBAAAAAFADAAAAQT Plate 1 0.03 36,702,635.25
9 PBAAAAAFADAAAAD2 Insulator 1 0.17 6,000,600.06

“Reliability values for Levels 3 and 4 are intentionally omitted.
“From Stage 5 onward, only two examples are presented.

Table 3. Summary of reliability by component level

Frequency
Duration X
Duration

JESS
frequency

Maintenance
type

Component

Level Maintenance task

code

3 PBAA Unit-planned  Pre-operation inspection of diesel engine and reduction gear 0 0 0
3 PBAA Unit-planned  Post-operation inspection of diesel engine and reduction gear 0 0 0
3 PBAA Unit-planned  In—operation inspection of diesel engine and reduction gear 0 0 0
3 PBAA Field—unplanned Diesel engine replacement 0 0 0
4 PBAAAA Unit-planned Primary fuel filter inspection 0 0 0
4 PBAAAA Unit-planned Diesel engine exterior inspection 0 0 0
5 PBAAABAC Unit-planned Filter element replacement 5.03 0.33 1.66
5 PBABAAAA Unit-planned Chip detector and drain plug cleaning and inspection 12 2 24
6 PBAAAAAAAA  Unit-planned Breather assembly inspection 5.03 1 5.03
6 PBAAAAAAAA  Unit-planned Engine mount inspection 0.84 0.33 0.28
7 PBAAAAAEAAAA  Unit-planned Air filter replacement 5.03 0.33 1.66
7 PBAAAAAEAAAA  Unit-planned Flame filter replacement 5.03 0.33 1.66

“Reliability values for Levels 3 and 4 are intentionally omitted.
“From Stage 5 onward, only two examples are presented.

2] (4)Q} Zo] Ao =1t ¥ MTBF ZH (A 1,797 hr, 74 7]0] 8,261 hr)H t}

S aEoth &, AR AR e S55tE g e

MTBE,, =1/ 4, @  AEAZ FRAAE A A AA AR Z7t 2A A

std 5= Al Ar|ettt. ol = 53 R A A A F

olwf A (A=0.55647 hr) I} A&7]o(A = F FAFo] HA AA 9 A& -t A
0.12105 hr") 9] T HES A4S Ay = 0.67752 hr! & 52 H 0 & HolF L Alg o]t}

7b T} olo] UhE MTBFyts F 1476 hi2 ol 7] B0, ulgn /8= JEBAS FET
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Table 4. Major failure modes and RPN evaluation (example)
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H|-&-0] A 2] 60% — 70 %S X}A|ghet. wHEhA
d-u g A ;e Mshrt Leco] v A= JdTFS B
Ao g friste= A2 AA dA AL 4 A o
t}. 2 FHof| A= MTBF2} MTTR ¥ 3}7} LCC ¥ 59
N2 = BREAUYYLYEE F45 Y, s 9
9= MES &&5to] Bl &-8E&4 H&(CER)S &
=g

A, 71242 Alyg e Lec HatE AP std
Table 52} Zth. 7]& A A QoA LCC= 1059 Y2
2 AZEoH, MTTRE Auto & &1 3% 989
Ho = 7FAstg . 2t H MTBEZF 600 hr7hA] #| 5}
= Fu| o] 43| F7Fshe] LCC= 1129 97t
A A5ttt

Table 5= RAM-C ¥4 §i3}o] @& g F7]H]

& FolE BoEt. AU A Al Lece 79 A &
aFoH, ol Hu| 57 A B&ol nA= IF

o] Atk AL YF Ak W2 A= Yol A3t 7
> BAT FF(F 79 D)9 ¥l 7 LA,
RAM 2|3 Hal7} v § 720 PO 24 %8

Component Component code Failure mode 0 ) D) RPN

Diesel engine PBAAAA Overheating/cylinder wear 7 9 4 252
Gearbox PBAAAB Bearing damage/poor lubrication 6 10 3 180

Fuel system PBAAAAAB Contamination/leakage 5 8 6 240

Valve cover & injector base PBAAAAAAAB Seal wear/malfunction 6 8 5 240
Local control unit PBAAAC Signal error/sensor fault 4 7 4 112

Table 5. LCC variation under different RAM-C scenarios

Scenario LCC "
(KRW 100 million)
Baseline 702.2 4 0.994 105
Improved maintainability 702.2 2 0.997 98
Degraded reliability 600 4 0.990 112
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