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The Usefulness of Hard Time Task for Weapon System in Considering
Shape Parameter of Weibull Life Time Distribution and Maintenance
Cost
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Abstract The study of maintenance planning is important in military weapon systems because it can improve their
availability and reduce the operational and maintenance cost during the total life cycle. In maintenance planning, it
is important to determine the preventive maintenance task and its optimal interval. This paper focuses on the hard
time task, which is one of the preventive maintenance tasks. A hard time task removes an item or restorative action
before some specified maximum age limit to prevent functional failure. The Monte-Carlo simulation model was
proposed to help understand the cost effectiveness of a hard time task. In the simulation, various shape parameters
of the Weibull distribution and cost ratio of corrective maintenance to preventive maintenance were assumed. Using
a Monte-Carlo simulation, a quantified cost saving effect and optimal preventive maintenance interval were suggested.
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Table 2. Weibull database

Beta Values Alpha Values
ITEM Shape Factor Characteristic Life
Low Typical High Low Typical High
Machinery Equipment
Circuit breakers 0.5 1.5 3 67,000 100,000 1,400,000
Compressors, centrifugal 0.5 1.9 3 20,000 60,000 120,000
Compressor blades 0.5 2.5 3 400,000 800,000 1,500,000
Compressor vanes 0.5 4 500,000 1,000,000 2,000,000
Diaphgram couplings 0.5 2 4 125,000 300,000 600,000
Gas turb. comp. blades/vanes 1.2 2.5 6.6 10,000 250,000 300,000
Gas turb. blades/vanes 0.9 1.6 2.7 10,000 125,000 160,000
Motors, AC 0.5 1.2 3 1,000 100,000 200,000
Motors, DC 0.5 1.2 3 100 50,000 100,000
Pumps, centrifugal 0.5 1.2 3 1,000 35,000 125,000
Steam turbines 0.5 1.7 3 11,000 65,000 170,000
Steam turbine blades 0.5 2.5 3 400,000 800,000 1,500,000
Steam turbine vanes 0.5 3 3 500,000 900,000 1,800,000
Transformers 0.5 1.1 3 14,000 200,000 14,200,000
Instrumentation
Controllers, pneumatic 0.5 1.1 2 1,000 25,000 1,000,000
Controllers, solid state 0.5 0.7 1.1 20,000 100,000 200,000
Control valves 0.5 1 2 14,000 100,000 333,000
Motorized valves 0.5 1.1 3 17,000 25,000 1,000,000
Solenoid valves 0.5 1.1 3 50,000 75,000 1,000,000
Transducers 0.5 1 3 11,000 20,000 90,000
Transmitters 0.5 1 2 100,000 150,000 1,100,000
Temperature indicators 0.5 1 2 140,000 150,000 3,300,000
Pressure indicators 0.5 1.2 3 110,000 125,000 3,300,000
Flow instrumentation 0.5 1 3 100,000 125,000 10,000,000
Level instrumentation 0.5 1 3 14,000 25,000 500,000
Electro-mechanical parts 0.5 1 3 13,000 25,000 1,000,000
Static Equipment
Boilers, condensers 0.5 1.2 3 11,000 50,000 3,300,000
Pressure vessels 0.5 1.5 6 1,250,000 2,000,000 33,000,000
Filters, strainers 0.5 1 3 5,000,000 5,000,000 200,000,000
Check valves 0.5 1 3 100,000 100,000 1,250,000
Relief valves 0.5 1 3 100,000 100,000 1,000,000
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Table 3. Simulation parameters

Parameters

Simulation time 30 years
number of Iteration 100

J2 (MTBF) 4,380 hours(0.5 years)
. 0.5, 1, 1.05, 1.10, 1.20, 1.50, 2.00,

Weibull shape parameter(ﬁ) 2.50, 3.00, 5.00

Cyrl Cyp 15, 2, 3, 5, 10, 20, 50, 100

candidates of HT task 87.6, 175.2, 262.8, 3504, ... ,
interval 8760 hours

Density

T T T
2000 6000 8000

o

4000

Fig. 4. Weibull dist. with shape parameters(u = 4380)
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Table 4. HT task cost efficiency with Weibull shape parameter and maintenance cost ratio
Carl Cor
1.5 2 3 5 10 20 50 100
0.5 -49.9% -50.2% -50.3% -43.4% -43.6% -37.3% -35.2% -44.2%
1 -11.6% -3.5% -2.1% -0.7% 1.5% 2.6% -0.2% 2.6%
1.05 -7.1% -6.0% 1.6% 3.9% 0.0% 3.2% 6.0% 7.5%
1.1 -6.1% -7.3% -0.7% 1.3% 5.6% 4.9% 9.3% 16.7%
1.2 -3.5% -0.9% -0.7% 3.6% 8.2% 15.2% 24.0% 32.0%
1.5 0.6% 1.2% 4.5% 13.5% 26.7% 40.4% 54.3% 63.3%
2.0 1.5% 3.8% 14.0% 27.8% 46.7% 60.8% 75.5% 82.6%
2.5 3.0% 8.4% 20.7% 39.2% 57.4% 71.7% 83.4% 89.1%
3.0 4.4% 12.6% 27.9% 46.0% 65.1% 78.2% 87.7% 92.5%
5.0 9.6% 24.1% 41.9% 60.1% 76.8% 86.4% 93.4% 96.3%

Table 5. Optimum HT task interval(T*) with Weibull shape parameter

and maintenance cost ratio(Unit: Hours)

G4F/ Cpr

B 1.5 2 3 5 10 20 50 100
0.5 - - - - - - - -

1 - R - - - - R -
1.05 - - - - - - 2,628 1,226
1.1 - - - - 6,132 2,190 1,051 613
12 - - - - 3,329 1,314 876 350
1.5 - - 5,431 3,154 2,540 1,139 526 438
2.0 - - 3,504 2,978 1,840 964 701 438
2.5 - 4,555 3,241 2,540 1,664 1,314 876 613
3.0 4,205 2,978 2,278 1,840 1,577 1,051 788
5.0 4,205 3,679 3,241 2,716 2,278 2,102 1,664 1,577




S| Eerel=EA A7d ALs, 2016

Table 42| Z}9} 7Lo] YRS (7} 052 Agoll=

kel Fig. 5914 SR1E A3} o] HTAT-2 T3}
S2A BT D §E BHAG G B Age

HIQR2 R0 2ol 97} gl A0z ek,
Table 40145k o] A 7IAER] Spol w3
oA B (7F SHTE e 97k bl el
7) o] sggulel ol ugol eugu] ek 1S
%

A9 ol FAES p7F 59 Aol Al 10%E
WA etk B7F L1 A Aol Oy Cpp?t 5090 2
of7h & A oF 10% 9] F Al e adE B
o] 7 =

B oo et @ens g7 29 ASels
Cousd Crop?t 39001 14.0%2] AAAS] oejo] ¢l
1008]0]9 82.6%2] AAA o]e] &3} 9= Aoz
gt AR 37) 59 A4l O,/ Oyt 3100]

o]
of AAH oo} &7 = A

AT B GHEs gl
%

O

LOSET ¥ & 4 A8 n 7|7} gopurt g
7F 574 gk Bk A1 A v A gAn 17 2
oAE A Hole Aow FIHITh

4. A2
B Aol g B 3 77 HAEE b
& HTQT-o AHF718 gaaked Qold 5o 2
ezt Q) 0§43 melsS W EAE AL 7]
[e] (e

FN
|
2,
of!
o
&
b
ol
ol
3R
=z g £

ARG By oAy
(Capdl Cppy W2k S4uIu] 0] skl o] e}

282

B7Y

3}
el

&l

A% %

[2]

B3]

[4]

B3]

(6]

Sk As A 5 stk 2Ea oA
( Cpp)°l

2 O
E
)
o
=
=
oo
o
2
o

N
E
lfo
ym
3 -
—
(Jl
T
==
o
OL
U
Y

<
X
o
=
lo rir
o,
N
a2
fols
A
il
e
rr
rr
PO
tjo
dob
o
ol
s

1R ARE dAgn 377 242 408
H

oL I op
ol oo

gHI o) )&
A7} FolA, AYRUTAF Aol 5
A7 3, #H e g
i,

=

N
N,
N
N
N
==
_O'L
i
Pk
o
4

H-llO kil
o
ox

o =

=
o
o

oo
ox,
o

)

oS %
it

o rIf
T
¥
o

rl{‘ l:oll
re
Bl
i
K
ol
:oél
jan
—
s
qu -
il

by
oo
o
ns

References

KORAIL, A Study on Maintenance System Change in
the Device on Vehicle-based, KORAIL R&D Institute,
2010

John Moubray, “Reliability-centered Maintenance”, p.
12-13, Industrial Press Inc., 1997.

MIL-STD-2173,  "Reliability-centered ~ maintenance
requirements for NAVAL aircraft, weapons systems and
support equipment”, p25-26, 66, Department of Defense,
1986.

Timothy M. Allen, “U.S. Navy Analysis of Submarine
Maintenance Data and the Development of Age and
Reliability Profiles”, p.3, Department of the Navy.

NAVAIR 00-25-403, “Guidelines for the Naval Aviation
Reliability-Centered Maintenance Process”, p.B-7, Naval
Air System Command, 2005.

Bloch, Heinz P. and Fred K. Geitner, "Practical
Machinery Management for Process Plants, Volume 2:
Machinery Failure Analysis and Troubleshooting, 2nd
Edition”, p.Appendix A, Gulf Publishing Company,
1994.



Spolg R0 FFuaot AHuHl§-E 1T Hard Time A B|YF2 &840 ddt A+

A
I

(Mansoo Kim) [Az]|¥]

020061 2€ : gt Aklaet
¥} (F88rh

020091 29 : 3Foita oy
2l ete (FAh

20139 1¥ ~ dA : LIGY =Y
AdAd

X & 7|(Woong Ki Ji) B3]

0200611 2€ : A3 gt HdA}Esh
¥ (FEEADh

0200511 12¢¥ ~ @A : LIGY =Y
AdaTd

283




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


