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ABSTRACT

Maintainability is a major design parameter that includes availability as well as reliability in a RAM (reliability,
availability, maintainability) analysis, and is an index that must be considered when developing a system. There is a
lack of awareness of the importance of predicting and analyzing maintainability; therefore, it is dependent on
past-experience data. To improve the utilization rate, maintainability must be managed as a key indicator to meet the
user's requirements for failure maintenance time and to reduce life-cycle costs. To improve the
maintainability-prediction accuracy in the detailed design stage, we present a maintainability-prediction method that
applies Method B of the Military Standardization Handbook (MIL-HDBK-472) Procedure V, as well as a Korean
maintainability-prediction software package that reflects the system complexity.
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Table 1 Maintainability prediction of procedure 1~V

Type Application standard Application point
Procedure | Avionics, dectrical and mechanica equipment exchanged in modular | After the design concept
units is established
Procedure |1 Ships and eectronic equipment and mechanical equipment Fina design stage
Procedure Il | Electronic and ground equipment for avionics Development stage
Procedure IV | MTTR/MTPM prediction Development stage
Procedure V Electronics equipment for avionics, ground, ship 33’33%2@”3335 of al
A A% g, A= o3 9 $4e) Fa4d o 2. AMAA oA HH|E oS ghH
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Define the prediction requirements
and replacement concept

|

Identify FD&I outputs, correlate the
FD&I outputs and hardware features

l

Relation between replaceable items
and FD&I outputs, preparation for a
maintenance flow diagram

|

Prepare timeline analysis, compute
the maintainability parameters

Fig. 1 Detailed maintainability prediction of procedure
V(Method B)
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Table 2 Survey for calculating complexity factor (Delphi method)
Maintenance Question Increase or Weight
work decrease factor
Fault isolation What percentage of the time required for Fault_ Ieolatlon work ¢ )%
is expected to increase or decrease compared to similar system?
. What percentage of the time required for "Disassembly” work is o
Di bly expected to increase or decrease compared to similar system? €)%
What percentage of the time required for "Interchange” work is o
Interchange expected to increase or decrease compared to similar system? ¢ )%
What percentage of the time required for "Reassembly” work is o
R bly expected to increase or decrease compared to similar system? ¢ )%

(RI, Replaceable Item)ol] g mA|7ld,
2 R2)(FD&I, Fault Detection & Isolation) 239}
IgE 5ol a7dt D&l EHES AFTS 4
MY 5 YSE BAT ABERA, shie] Aol
shiel FD&I #e Az & Z=2 FHAGE.
d% Axe A IeelHE, A¥gA, R 55
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Check the level of maintenance

\

Identify system complexity effect maintenance elements

\

Calculation of weight by maintenance elements

\

Apply system complexity appropriate to the predicted target level

\

Determining the MTTR of the prediction target

Fig. 2 Procedure of maintainability prediction reflecting
the sysem complexity
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Enter RI name, failure rate,
FD&I code, repair time

No Calculate the average repair time
of BRI using equation (1)

Does the RI have more
than one FD&I code?

Calculate the mean repair time of
RI using equation (2)

Calculate the MTTR of system
using equation (3)

Will it reflect
system complexity?

Reflect the weight of
maintenance work elements

No

r

)

Fig. 3 Calculation model application process
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e
Input Output
e FD&I Code
Item name o
Item number (& Preparation 1 o i
Failure rate Fault isclation 1 Average preparation time
. Di bly 1
Quantity Tn’l.‘:::::n;t 1 Average fault isolation time
Category Reassembly 1
Sub-category Alignment 1 Average disassembly time
Maintenance level Checkou
Startup 1/ Average interchange time
FD&I code —
FD&I output rate fre Preparation 2 ) Average reassembly time
Preparation time Fault isclation 2
f foice Disassembly 2 Average alignment time
Fault isclation time bikuichange's
Disassambly i e A Average checkout time
Interchange time Alignment 2
Reassembly time Checkout 2 ¥ Average start up time

Startup 2 )/
Alignment time - py - .
Checkout time

Start up time <

Ry

Efes AnjRuy -
==5——— MTTR=
], Ay

Lii=1An Ry
L= An

MTTR

S —

Fig. 4 Maintainability prediction S'W algorithm(MIL-HDBK-472 Procedure V, Method B)
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Artillery system |

I
[ I | I |

Light-weight . Shooting material Observation Observation
Digital scale set P .
mortar calculator set specification 1/0 set equipment set
Digital scale Shooting material Observation Observation
Gun barrel - z
group calculator specification 1/O equipment
Panel Cable assemblyl Cable assembly2| Cable assembly3| ~| Cable assembly4

Fig. 5 Artillery system dgructure

w2 Maintainability Analyzer
File Setting  Result

veros 1 —
Marme Musttser Faituro fute Cuanty eparation ) (1) { [} Chockout () Start up M) MTTH i}
= Arlery system LM0002 10507, 700 1 0.0000 00000 0.0000 0.0000 0000 0.0000 0.0000 Q.0000 0.0000
5 Light-wesght morsar ELMH000-001 A0 4 0.0000 Qo000 0.0000 0.0000 0.0000 0.0000 0.0000 Q.0000 0.0000
3 Gun bared KMH010-001 46168 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 00000 0.0000
ELMH020-001 184 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
KLMM030-001 249,570 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
KLMO500-001 14183950 4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000 0.0000 0.0000
KLMO500-300 13:85.9560 1 0.0000 £.0000 0.0000 0.0000 00000 0.0000 0.0000 0.0000 0.0000
KRMO540001 2474 1 02,0000 0000 0.0000 10,0000 [lonri] 0.0000 0.0000 Q0000 0.0000
LMSI0-000 1212.1600 1 10,0000 00000 0.0000 0.0000 00000 0.0000 10,0000 0.0000 0.0000
KLM-5100-100 1146790 H 0.0000 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 0000 0.0000
ELM-S100-300 n.a0 ] 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
B Dbssrvabon spechcaton 10 st KLM-OMD0-001 5820671 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3 Obsenvasion speofication 1D LM-DMO0-100 556342 ] 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000 0.0000 0.0000
4 Cable assomtly 3 KLM-OMO0-800 5.4130 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3 "t 1974.3400 H 0.0000 00000 0.0000 0.0000 [loc] 0.0000 0.0000 N0 0.0000
5 Ctwervation eqremert KIM-OD00-010 19645020 1 2.0000 00000 0.0000 2.0000 00000 00000 0.0000 0.0000 0.0000
3 Catie assermtdy 4 KLMO000-800 98375 1 0.0000 0.0000 0.0000 0.0000 0000 0.0000 0.0000 Q0000 0.0000
General Data ~a
| Armiry mymom ] [ !
v
I | '
S st o] Group Maintainability Data  FDB! Maintainabiity Data

Fig. 6 Main screen of maintainability prediction S\W

Table 3 Failure rate and FD&I code of atillery sysem Ris

Gun ¥
Rl name poret | Panel | legs assembly1 ngtjgtor assembly? spemlfllcc)atlon assembly3| equiment |assembly4|
AX10 % 4.6 | 12.9 |249.6| 1,385 325 1,174.7 375 525.6 56.4 1,964 9.8 5,452.6
1 1 1 1 1 1 1 1 1 1 1 11
4.6 4.6
12.9 12.9
249.6 249.6
1,385.9 1,385.9
325 325
11747 11747
375 375
525.6 525.6
56.4 56.4
1,964.5 1,964.5
9.8 9.8

Digita|_Catle Shooling | canle | O0SevAlion| capje |Observation) Cable | 5+
e

R
=

FD

cod

2B|o|o~|o|ju|n|wirol-
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Table 4 Maintenance tasks and repair time

of artillery system Rls

FD&I code(n,j) RI Maintenance tasks time(min) Repair time(h)
* Preparation(1.26) * Fault isolation(15.90) |* Check out(10.50)
1,1 Gun barrel * Disassembly(13.86) | * Interchange(74.94) * Start up(5.00) 243
* Reassembly(21.72) |* Alignment(2.70)
* Preparation(1.26) * Fault isolation(15.90) |* Check out(10.50)
2,2 Panel * Disassembly(13.86) | * Interchange(82.08) * Start up(5.00) 2.55
* Reassembly(21.72) |* Alignment(2.70)
* Preparation(1.26) * Fault isolation(15.90) |* Check out(10.50)
3,3 Legs * Disassembly(13.86) | * Interchange(134.64) * Start up(5.00) 203.30
* Reassembly(21.72) |* Alignment(0.42)
* Preparation(1.74) * Fault isolation(15.90) |* Check out(10.02)
44 Digital scale | Disassembly(9.90) |* Interchange(181.74) | Start up(5.00) 5.59
* Reassembly(15.72) |+ Alignment(1.80)
* Preparation(2.70) * Fault isolation(15.90) |* Check out(8.94)
5,5 Cable assembly 1| Disassembly(5.64) |* Interchange(51.12) * Start up(5.00) 3.19
* Reassembly(8.04) | * Alignment(0.90)
) . .| * Preparation(1.26) * Fault isolation(15.90) |* Check out(10.50)
Shooting material )
6,6 * Disassembly(13.86) | * Interchange(158.0) * Start up(5.00) 3.82
calculator '
* Reassembly(21.72) |* Alignment(2.70)
* Preparation(2.70) * Fault isolation(15.90) |* Check out(8.94)
7,7 Cable assembly 2 |+ Disassembly(5.64) | * Interchange(87.24) * Start up(5.00) 2.24
* Reassembly(8.04) |+ Alignment(0.90)
. * Preparation(1.26) * Fault isolation(15.90) |* Check out(10.50)
Observation .
8,8 . * Disassembly(13.86) | * Interchange(149.50) | Start up(5.00) 3.67
specification 1/O }
* Reassembly(21.72) |* Alignment(2.70)
* Preparation(2.70) * Fault isolation(15.90) |* Check out(8.94)
9,9 Cable assembly 3 |+ Disassembly(5.64) | * Interchange(91.98) * Start up(5.00) 232
* Reassembly(8.04) | * Alignment(0.90)
. * Preparation(1.26) * Fault isolation(15.90) |* Check out(10.50)
Observation .
10,10 ) * Disassembly(13.86) | * Interchange(172.30) * Start up(5.00) 412
equipment .
* Reassembly(21.72) |* Alignment(2.70)
* Preparation(2.70) * Fault isolation(15.90) |* Check out(8.94)
11,11 Cable assembly 4 |+ Disassembly(5.64) | * Interchange(42.10) * Start up(5.00) 1.49
* Reassembly(8.04) | * Alignment(0.90)
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Priparation Faeoh bolaticn Disasvembly Interchange Meassembly Aligment Chisckout Stan ug

Task Code: [Praparaion 3

Rapair medmink (270
Numiar of peesens: 1

oK Cancel

Fig. 7 Task Libray Form screen

Fig. 8 FD&I Library Form screen

| @ Mairtainabany Resut
Maintainability Result
| Repair Level :

| Statistics by Level

Si y of Result

| [ Miean Time to Repair (MTTR) | Preparation Time

| Fault Isolation Time
Maktenance Task Tima Disassembly Time

| Calculate for Trade-off Interchange Time
R T T Reassembly Time

| Alignment Time

| Cafbraton MTTR Checkout Time

Technician Skill Level Start-up Time
System Complexity

Fig. 9 Maintainability Result

YEEF,
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Fig. 10 MTTR Chart
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Start-up Time Preeration Tene
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4 e Interchange Time 1.2490
Beasembly Tene | Reassembly Time 0.3620

(149%)
Alignment Time 00430

Checkout Time 0.1750
Start-up Tome 0.0833

Intarchange Time
e s1am

Fig. 11 Maintenance Task Time Chart
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Fig. 12 MTTR Chart of Trade-Off
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s Trade-Off x

Calculate MTTR

Input
Preparation Target Time [ 0.0290| h
Fault isolation Target Time 1.8210] h
Disassembly Target Time 0.1850: h
Interchange Target Time 3.0290| h
Reassembly Target Time 025213 h
Aligment Target Time 0.0300] h
Checkout Target Time 0.1670| h
Start up Target Time 0,0833| h
Qutput System MTTRH
4.7265| h — [ ] h
|
aF Trade-Off bed
Calculate MTTR
Input
| . ; r
Preparation Target Time L 0.0230| h
Fault isolation Target Time '-32"3. h
Disassembly Target Time 0-155'3: h
Interchange Target Time 1.5000| h
Reassembly Target Time | 0.2620| h
Aligment Target Time 0.0300| h
Checkout Target Time 0.1670| h
Start up Target Time [ 00833 h
| Output System MTTR
4.7265| h — [ 3.9201] h

Calculate Close

Fig. 13 Trade-Off

o System Complexity - =] x|

System Complexity

@ Fault isolation ( 8.C weight ) | 1.00

@ Disassembly ( S.C weight ) | 1.00|

2 Interchange ( S.C weight ) 1.10

@ Reassembly ( 8.C weight } | 1.00
Output System MTTR

Original MTTR - 4.7265 h

Changed MTTR .l 5.0077 h

cios

Fig. 14 Sysem Complexity
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