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A Study on the Application of MOEs, MOPs, TPMs for
the Integrated Logistics Support

Yang Woo Seo,” Young Il Oh, Eun Shim Park, Seong Jun Lim, Seung Sang Lee
ILS R&D Lab, LIG Nexl

Abstract : Although the weapon systems are becoming more diverse and complex, they are progressing in a
short development period and a longer test and evaluation period. The more difficult the given environment is,
the more efforts and performance of quantitative target values can be made by development agencies to carry
out stable projects. However, these target values of the Integrated Logistics Support are not specified in the
requirements and being set during the system development phase. In this paper, application of MOEs, MOPs
and TPMs for ILS are presented and provided the basis for carrying out systematic Verification & Validation
activities. As a result that MOEs of the ILS were chosen as Availability and MOPs as Mission Reliability,
Logistics Reliability, Maintainability and Supportability and TPMs as MTBF, MTBCF, MTTR and so on. In
particular, it is appropriate tailoring and apply the TPMs considering the cost, schedule, scope of work and

characteristics of the project.
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[Figure 1] MOEs, MOPs, TPMs and the V model of
system development[1]
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{Table 1> Reasons for project failure[2]

Factor Percent
Incomplete requirements 13.1 %
Lack of user involvement 12.4 %
Lack of resources 10.6 %
Unrealistic expectations 9.9 %
Lack of executive support 9.3 %
Changing requirements/specifications 8.7 %
Lack of planning 8.1 %
Did not need it any longer 7.5 %

Standish Group 1995&1996

Scientific American, Sept. 1994
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[Figure 2] Impact of early activities on life cycle cost[3]

Traditional Design

SR

Traditional Design

SYSTEM DETAIL\, PRODUCTION Time
DESIGN\DESIGN\INTEGRATIO T "System Thinkjng™ Design
e Risk
Saved /\
Time/
"System Thinking™ Design Cost Time

[Figure 3] Intuitive value of SE[4]
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[Figure 4] Relationship of the technical measures[1]
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{Table 2> Primary technical measurement stake—
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(Table 4> MOE/MOP/TPM selection guidancel[1]

MOE

MOP

TPM

Provides insight
into at least one
operational
objective or
mission
requirement

Should enable
calculation of or
insight into at least
one MOE

Technical risks

holders[1]

Primary Stakeholders MOE MOP TPM
Acquirer/Customer X X
Engineering Staff of < X
Supplier
Integrated Product X < X
Team(IPT)
Quality Management X

{Table 3> Primary drivers for information need &
measure identification[1]

MOEs should
not be strongly
correlated

A subset should be
based on KPPs

Should have ability to
support trades among
possible solutions for
achieving KPP

Select & define
in the context of
the operational
objective

May be related for
insight into a specific
system characteristic
or alternative

Strongly influenced by
quality requirements

Primary Drives MOE MOP TPM

Historical Operational X
Information

Operational Risks X

Select & define
independent of
the alternatives
at hand

Focus on technical
risks & support
trades of alternative
solutions at the
system level

Should have ability to
track adherence to
technical constraints

User Priorities X

Measures of Effectiveness X

Key Performance
Parameters

>

Select only a
few MOE/MOPs

Should collectively
provide insight into
system affordability

Should have ability to
show relationship to
risks, cost, schedule &
quality objectives

Customer Priorities

Technical Requirements

Each KPP should
have an
associated MOE
or MOP

Should be able to be
linked to future
testing of alternatives
& chosen KPPs

May be traceable to
applicable WBS
elements

Technical Alternatives
Considered

I =
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diagrams|[6]
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{Table 5> Classification
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of direct/indirect effect[9]

T
Dife-Cycle Cost ‘ ‘ System Effectivences Effect | Evaluation element Major component
(Economic Factors) (Technical Factors) . e
- | T Combat effect Mission capability
Ri D t Cost o T
Production and Constction Cast g P;”"'m;“ﬁ. Availability, maintainability,
Operation and Support Cost Cva' ab-;-'ty/s Lo ab-'r'ty reliability, survivability
Retirement and Disposal Cost apability/Supportability Direct sustainmént of logisticé
i) effect Ogeritlonal support, standardization,
' Design Attributes ! and Support etlec compatibility,
| fCharcterizsis) : standardization, and ease
[—— Functional Design (Electrical, Spares/Repair Parts/Inventories of training
Metl:halnln:al, Stlructural. Other) Test and Support Equipment
Reliability Design Maintenance Facilities Improving R&D
— r::::'"p:?tl:i?;;f:nmics) :”i""f'e' a:d Td'.ai"i"g 4 capabilities, fostering new
ackaging, Handing, ani . . .
[ Supportability Design Transgurgatinn 9 Technical projects, Fransferrmg and
—— Safety Design Technical Data/Information System effect accumulating technology,
[—— Producibility/Constructibility —— Computer Resources improving quality of
'—— Disposability —— Customer Service products
. L . . Off—Set, Increased national
[Figure 6] Basic ingredients of cost—effectiveness[7] . income, national finance
Economic . T .
impact, international
effect
balance of payments,
‘ System Value | employment enhancement
(Cost Effectiveness) . National relations, promote
Political and f—reli -
Indirect | dip] i self—reliant national
| | iplomatic dof .
Jffect efense awareness, raise
¢ effects international stat
Economic Factors Technical Factors ernational status
(System Life-Cycle Cost) (System Effectiveness) . Reconstruction of defense
National ) S L
plans, coordination with
defense dor
ibution efense structure,
Research and Development Cost Performance contribu demonstration/deterrence
Production/Investment Cost Operation Availability effect offect
Operation/Utilization Cost Dependability
Maintenance and Support Cost Producibility Compatibility Direction of Development
Retirement and Disposal Cost Interoperability with ) of the weapon system
Supportability development Direction of R&D
Sustainability N
Disposability objectives Development
,1, Uncertainty
Size, weight and shape Project Risk tir:ellijveglforr;r?(rilcfc’)st
Speed of performance y
Reliability
Maintainability
Ergonomics
Safety al o an = HH ] —] EO
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o
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[Figure 7] A hierarchy of system design considerations[8]
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{Table 6> MOEs selection of ILS
- Technical Process Lite
Division . . Cycle
Effectiveness Efficiency Cost
Defense * System
Acquisition Performance * Process LCC/
q « System Efficiency TOC
Guidebook P
Availability
Logistics « Capability
Engineering and | ¢ Quality LCC
Management * Availability
* Performance
System « Interoperability * Producibility
Engineering and | ¢ Operation « Sustainability
Analysis Availability « Disposability
* Dependability
Defgr}s_e
Acquisition » Combat effect
Program * Operational
Administration P A
effect
Summary, dapa,
2008
» Combat
Defense development
Acquisition support
Program element
Administration « Integrated
Regulation, dapa, | logistics
2017 support
element

TFAY S MOERE AvailabilityS 4173

3.2 Zg+XA2 MOPs

3.2.1 FexsX@ SHOA S MOPs &4

71&4 A% FFE Physical Size & Stability,
Functional Correctness, Usability, Efficiency,
Portability, Technology Suitability, Supportability—
Maintainability % Dependability —Reliability =
T8kl QtH1]. webs, MOE 718k MOPs &%
o7 HWEE Supportability —Maintainability
4l Dependability—Reliability©] t}.

AvailabilityE  Reliability,
Supportability, Producibility 2 7-#3F1 At}H6].
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o7 uHUYAL Reliability, Maintainability %
Supportability©]t}.
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Reliability % Maintainability©]t}.

A4 (Supportability) FA0® Q40 o3t
AP AEE QGosta 9lor, AFEE Mission
Reliability % Logistics Reliability 2 7-&#3}3 3
CH10]. wehd, MOPs @502 wethd2 Mission
Reliability, Logistics Reliability, Maintainability
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H, ReliabilityE Mission Reliability
4 Basic Reliability® -3t SQItH11,12].
ReliabilityS T}2 HElE Mission Reliability %
Logistics Reliability 2 T3l 1™, Logistics
Reliability = Basic Reliability 2} 22 7jdoz &
oJstar QUtH[13]. AHA| AgdelA A LE= A=
© YFAEE 9 SR EE ekl itk o
2}4], Reliability+ Mission Reliability % Logistics
Reliability 2 728 4 Qlt}

3.2.2 ZHZ4AE SHOIMS| MOPs Mot

MOPs= 1% B2E& F541717] 9184 A7 s
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Availability 7|22 A= (27H4] =), Av)%
LR R Z3koleh AES ddE oka A

{Table 7> MOPs selection of ILS

Division MOEs MOPs
* Technical
Suitability
* Usability
« Stability
Technical * Functional
Measurement Correctness
* Dependability
—Reliability
* Supportability
—Maintainability
« Capabilities
* Functions
. System * Priorities
Defense ijy * Mission
S erformance e
Acquisition S Reliability
R * System P
Guidebook Availabilit * Logistics
v Reliability
* Maintainability
« Supportability
Logistics « Capability * Reliability
Engineering and | Quality * Maintainability
Management « Availability « Supportability
« Performance
System « Interoperability * Reliability
Engineering and |+ Operation * Maintainability
Analysis Availability « Supportability
« Dependability
- * Mission
Logistics o
2. Reliability
Supportability Logisti
. * Logistics
Planning & A
P . Reliability
rocedures in « Maintainabili
Army Acquisition antainability
« Supportability
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& Mission Reliability, Logistics Reliability,
Maintainability ™ SupportabilityE 4178} th.

3.3 SRZTXIAS TPMs

1 S X @ FHAS TPMs &4

= Physical Size & Stability
2 Eskal lvk1]. A17® MOPs 7]
o] TPMs o= a2t Supportability —
Maintainability &-52] 47}4] (Maintainability Char —
acteristics, Maintenance cost, Turnaround Time
2 Reconfiguration Time) 2} Dependability—
Reliability 352] 6714 (Mean Time To Failure,
Failure/Fault Characteristics, Availability/Downtime,
Mean Time To Restore System, Mean Time
To Repair % Reliability Figure of Merit) ]t}

Physical Size & Stability
» Useful Life
* Weight
+ Volumetric Capacity
+ Power
» Structural Load
» Links/Connections
+ Dimensions
» Launch Area
+ Coverage Area
* Beamn Width

Efficiency
» Utilization
* Response Time
» System Cycle Time and Rates
» Throughput
* Power / Fuel Censumpticn
» Link / Connecticn Timing
+ Coeling Efficiency
» Signal Efficiency
* Qutput Power

Functional Correctness
+ Accuracy
+ Operaticnal Envirenment
#Characteristics
+ Power Performance
+ Frequency
= Velocity & Acceleration
+ Emissions
+ Interference
* Gain/Moise Performance
+ Kill/Escape Efficiency
» Take-off and Landing distance
+ Altitude
+ Rell and Pitch
+* Range to Target
+ Drag
» Thrust
+ Muclear Hardness

Dependability-Reliability
» Mean Time To Failure
* Failure / Fault Characteristics
+ Awailability / Downtime
* Mean Time to Restore System
* Mean Time to Repair
» Reliability Figure of Merit

Supportability-Maintainability
* Maintainability Characteristics

+ Maintenance cost

» Turnaround Time

+ Recenfiguration Time

Usability
+ Operaticnal Productivity
+ Operator Response Time
+ Operator Errors
* Ride Quality

Technology Suitability
+ Technelogy Readiness Levels

Portability
» Database Scalability

[Figure 8] Candidate technical measurement[1]
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System Requirements

Performance Measures
for the System

|

Maintenance and Support Infrastructure
« Effectiveness (Reliability) of Support Capability
+ Logistics Responsiveness (Response Times)
+ Efficiency of Support (Cost per Support Action)

9=X 153 2%, 2

Supply Support
» Spares/Repair Parts Demand Rate(s)
* Mean Time Between Replacement {MTBR)
* Spares/Repair Parts Processing Time
« Inventory Item Location Time
= Probability of System Success with Spares
= Probability of Spares Availability
= Inventory Stockage Level(s)
= Inventory Turnover Rate(s)
» Economic Order Quantity (ECQ)
» Cost/Supply Support Action

Maintenance Facilities
+ Mumber of Items Processed/Period
+ Item Process Time(s)
+ Item Turnaround Time (TAT)
= Waiting Line (Length of Queug)
+ Materials Consumption Rate
« Utility Consumption/Maintenance Action
+ Utility Consumption/Period
+ Cost/Maintenance Action

Test,Meas..Handling.and Support
Equip.
« Utilization Rate (Period of Usage)
« Utilization Time
(Test Station Processing Time)
» Availability of Equipment
+ Reliability (MTBF, )
+ Maintainability (MTBM, Mct, Mpt, MDT)
» Calibration Rate and Cycle time

Technical Data/Information Systems
+ Number of Data [tems/System

+ Data Format and Capacity

+ Data Access Time(s)

» Database Size

+ Information Processing Time

+ Change Implementation Time

Maintenance and Support Personnel
+ Personnel Quantities and Skill Levels

+ Personnel Attrition Rate (Turnover Rate)
« Maintenance Labor Hours/Maint Action

« Cost/Test Action
+ Cost/Hour of Utilization

« Personnel Error Rate(s)
+ Cost/Perscn/Organizaticn

Packaging,Handling,Stor..and Trans.

« Transportation Mode, Route, Distance,
Frequency, Time and Cost

+ Packaging Materials/Ttems Shipped

+ Container Utilization Rate

» Effectiveness of Transportation (Reliability)

» Successful Delivery Rate

+ Package Damage Rate

Training and Training Support
* Quantity of Perscnnel Trained/Pericd
= Nurnber of Personnel Training Days
= Frequency and Duration of Training
= Training Program Input/Cutput Factors
= Training Data/Student
= Training Equipment/Program
» Training Software/Program
» Cost/Person Trained

Computer Resources
+ Software Reliability/Maintainability
+ Software Complexity (Lang./Code Level)
« Mumber of Software Modules
+ Cost/Element of Software

[Figure 9] Technical performance measures for the
support infrastructure[7]
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Maintenance Planning 5 10&&502 &3t

Maintenance Planning
= Mean time to repair
* Mean restoral time
* Maintenance ratio
* Max time to repair
* Repair cycle time
+ Q&S cost/operating hour
» Maintenance task eliminaticn
+ Maintenance downtime
+ Custemer wait time-not missicn
capable-maintenance
= Repairs requiring evacuation
= Percent organic support
» Maintenance test flight hours

Supply Support
+ Wait time-NMCS
+ Parts availability
+ Backorder rate
+ Backerder duration time
+ Controlled substitution rate
+ Failure FACTOR Accuracy
+ Order ship time
» Spares cost to LCC ratic
+ Unit load-supply
+ Parts standardization
+ Float utilization rate
» Recyclability
+ Percentage part reduction

Manpower and Personnel
= Crew size
» Maintainer cost/operating hr
» Skill level limit
» Maintenance hours by MOS
+ Annual maintenance man-hours
» Personnel cost/O&S cost
* Personnel on-hand/required
» Personnel required/autherized
+ Mechanic utilization

Technical Data
+ Technical manual quality
+ Percent on-board/embedded TMs
+ TMs effectiveness
+ TMs available

Support Equipment
+ On system diagnostics
= Unit load-support equip
» Diagnostics effectiveness
« Tools effectiveness
+ Support equipment reduction
* Support equipment available
+ ASICE available

Training and Training Support
+ Time to achieve proficiency
+ Student failure percent
+ Percent embedded training
+ Training cost
+ Mo trained/no required
+ Training systems available

Packaging. Handling. Storage, and
Transportation

» Percent damage free deliveries

+ Percent packaging data

» Percent reusable container

+ Minimize weight, cube

+ Minimize special storage

+ Reduced handling requirements

» Hazardous materials limit

» Transport-load, unload time

+ Min. transportability equipment

= MSDDC rating-air transport

= MSDDC rating-ccean

» MSDDC rating-highway

» MSDDC rating rail

+ MSDDC rating life/tisdown

Computer Resources Support
+ Defect or fault density
+ Software reliability
+ Software medification costs
+ Computer RESOURCES AVAILABLE
+ Minimum PP55 requirements

Facilities
+ Facilities limitation
» Facilities funded
» Facilities utilization rate

Design interface
+ Reliability
+ Mission success
+ Operaticnal readiness
+ Awailability (Ao, Az, Ai)
+ LORA progress
+ LCC cost comparison
+ Extent of interoperability
+ Quality deficiency report rate

[Figure 10] Supportability metrics for ILS elements[10]
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{Table 8> TPMs selection of ILS

Division MOPs TPMs
« Capabilities
« Functions
Defense * Priorities
Acquisition |+ Mission Reliability | MTBF/Failure rate
Guidebook | Logistics Reliability
« Maintainability
« Supportability
Loading time/
Downtime/Frequency
Logistics of Maintenance/MTBM/
Bromonts o | Reliability MTTR/Mpt/Mct/MDT/
gand € |+ Maintainability LDT/ADT/Turnaround
Management | Supportability Time/MTBF/MTTEF/
g Failure rate/Maintenance
Labor Hours/Number of
Personnel Training
Shelf life/storage life/
S Testability/diagnostic/
System « Reliability N
Engineering |+ Maintainability LMﬁ)’}/%,;téggcT/leA;ziT{ime)/
and Analysis | Supportability NITBM/MLH/MTBE/
Failure rate
.. MTTR/MTBPM/
Logistics
Supportability |+ Mission Reliability Mﬁmgﬂi\fg%gﬁl{yglgw
Planning & | Logistics Reliability MOS/Annual y
Procedures in |+ Maintainability M . ua —h /
Army « Supportability aintenance man—hours
Acauisition Backorder rate/
a No. trained
« Technical
iy MTTR/MTBPM/MDT/
- Stablity MTBCF/MTBF/
Technical « Functional Tu}’naround Time/
Failure/EOQ/
Measurement | Correctness Bi v
« Dependability it error rates
—Reliabilit Technical support data/
. Supportabi}Iity Maintenance procedures
—Maintainability
Annual operating hours/
ALDT/Maintenance cycle/
MTBCF/MTBF/MTTR/
MTBPM/MDT/Reliability
growth management/
A]Selfiesr;‘fiin PBL(Performance
Px("lo ram indicator)/Annual available
Adminigstration hours/Maintenance float
Regulation equipment requirement/
da ga 2017 Training(Subject &
pa, Period)
Maintenance man hours/
CSP cost/Manpower
operation requirement/
Maintenance load
5 2~ o o~
A, AL, BaA, delEg, g
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BEAA, 7]EAks dejoluh[14]. ARt | 9
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[Figure 111 MOEs/MOPs/TPMs & V model of system
development for ILS
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