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Introduction

• Domain Expert for Reliability, Availability, and Maintainability 
(RAM) in OSD AT&L Systems Engineering:

– Office of the Director, Defense Research and Engineering (ODDR&E), Systems 
Engineering (SE)
− MA: Mission Assurance
− MPS: Major Program Support

• DoDI 5000.02, dated 8 December 2008, provides for:
– Operation of the Defense Acquisition Process including robust Systems Engineering

− Program Support Reviews
− Nunn-McCurdy Certifications
− Senior Management Decision Support, etc.

• Mandatory Sustainment KPP in CJCSM 3170.01D (March 2009)
– Key Performance Parameter (KPP): Availability

− Key System Attributes (KSA): Reliability and Ownership Cost

• Operational versus Life-Cycle Based Metrics
– Traditional development efforts end at full-rate production decision
– Costs of sustainment are set by system design
– Programs have become both unreliable and expensive to sustain

• Implementation covered in Reliability, Availability, and 
Maintainability Cost Rationale (RAM-C) Report Manual
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Current Situation
— and How We Got Here

Mistakes have been made!
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Background: Report of the Defense 
Science Board Task Force on 

Developmental Test & Evaluation (1 of 3)

• Congressional Testimony (March 3, 2009) by Mr. 
Pete Adolph (Chairman of DSB Team):

– Loss of Core Acquisition Personnel in DoD:
− 500,000 in 1990
− 200,000 in 2009

– “Concurrent with acquisition reform, the general practice of reliability 
growth during development was de-emphasized and, in most cases, 
eliminated. This departure from a widely recognized best practice may 
not have been a direct result of acquisition reform, but may instead be 
related to the loss of key personnel and experience, as well as short-
sighted attempts to save acquisition funds at the expense of 
increased sustainment and life cycle costs.” 

• Dr. Paul Kaminski
– “…further underscored the importance of early system engineering 

effort in that, prior to the key Milestone A and B decisions, we find that 
those decisions impact somewhere between 75 percent and 85 
percent of the total lifecycle costs. So the time to address those 
issues is up front before those decisions are made.” 
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Background: Report of the Defense 
Science Board Task Force on 

Developmental Test & Evaluation (2 of 3)

• Acquisition workforce reductions 
mandated by 1996 thru 1999 Defense 
Authorization Acts
– Loss of experienced management and technical personnel 

throughout government and industry
– Service acquisition test organizations were affected:

− Army essentially eliminated their military DT component and 
made government DT discretionary

− Navy reduced DT workforce by 10%
− Air Force transitioned DT conduct and control to the 

contractor while significantly reducing test personnel (~15%) 
and program office engineering support (up to 60%)

continued
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Background: Report of the Defense 
Science Board Task Force on 

Developmental Test & Evaluation (3 of 3)

• Programs complexity increasing significantly
– Software lines of code increases, off-board sensor data integration, 

system of systems
• Elimination or reduction of military standards from 

contracts
– Use of commercial specifications and standards encouraged under 

acquisition reform
• De-emphasis of reliability growth

– Industry recommendations in the 1970s had caused the Services to 
implement reliability growth as an integral part of development

“Lack of failure prevention during design 
leading to low initial MTBF and reduced 
growth potential are the most significant 

reasons for systems failing to meet 
operational reliability requirements.”
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Background: Other Considerations

• Performance-based contracts allowed 
contractors to determine how to reach reliability 
requirements—often with disastrous results for 
the warfighter

• There is an inherent disincentive for contractors 
to spend acquisition funds on improving 
Reliability
– Partially due to the lucrative nature of contractor support and 

sparing

• Acquisition program managers are not held 
accountable for post-FRP support costs
– But are held accountable for Average Per Unit Cost (APUC)—

leading to restricting the expenditure of “discretionary” funds (like 
those required for Reliability Demonstration and Growth)
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IOT&E Results

• 57% (20 of 35) of DoD programs from 
FY2001 to FY2007 entered IOT&E and 
failed to meet Operational Effectiveness 
and/or Suitability requirements 
– 12 of the 20 (60%) failed to meet Effectiveness requirements
– 17 of the 20 (85%) were either not Operationally Suitable or 

Suitability was the cause of test suspension
– 11 of the 17 (65%) cited Reliability as the cause of failure or 

suspension
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New RAM Policy: Origins of Sustainment 
Key Performance Parameter (KPP)

• Joint Capabilities Integration and Development 
System (JCIDS) Process detailed in CJCSM 
3170.01 series in May 2007

• Refined in new CJCSM  3170.01 versions in 
March 2009

• Availability KPP
– Materiel Availability
– Operational Availability (Added in March 2009)

− May require multiple values

• Reliability Key System Attribute (KSA)
– Mission Reliability

− May require multiple values!
– Logistics (Basic) Reliability

• Ownership Cost KSA
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Materiel Availability KPP Established to 
Relate Logistics Reliability to 

Ownership Cost

May 2007: CJCSI 3170.01F and 
CJCSM 3170.01C

– Included Materiel Availability KPP
− Supported by Materiel Reliability and 

Ownership Cost KSAs
– Mandatory for JROC Interest 

Programs
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RAM Policy Memo

The July 2008 Reliability, Availability, and Maintainability Policy Requires 
RAM be integrated into the Systems Engineering process. 
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New RAM Policy: 
July 21, 2008, RAM Policy Memo

• ODDR&E SE maintains that a viable RAM strategy 
requires consideration of sustainment and fielding 
issues during system design
– Mandated in new Weapon Systems Acquisition Reform Act (WSARA)

• Note the policy intentionally calls for a “…reliability 
growth program…” and not simply a growth curve

“Effective immediately, it is Department 
policy for programs to be formulated to 

execute a viable RAM strategy that includes 
a reliability growth program as an integral 

part of design and development.”
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Defense Acquisition Guidebook 
Design Considerations

Accessibility

Commercial Off-the-Shelf

Corrosion Prevention and Control

Critical Safety Items

Disposal and Demilitarization

Diminishing Manufacturing Sources and Material Shortages

Environment, Safety, and Occupational Health (ESOH)

Human Systems Integration

Insensitive Munitions

Interoperability

Open Systems Design
Parts Management

Program Protection & System Assurance  

Quality and Producibility

Reliability, Availability, and Maintainability

Software Standardization

Supportability

Survivability and Susceptibility

Unique Identification of Items

Balanced
“Best Value”

Solution

Achieving the “best value” solution is an iterative task 
performed within the framework of Systems Engineering.
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Sustainment KPP:
Materiel Availability

• Materiel Availability (AM) is a system design metric
– Applies to all items that have been delivered at any point in time—entire 

inventory (Active + Inactive)
− AO applies only to the Active Inventory—and usually to a subset of that!

– AM is optimized—not maximized
− AO is a direct measure of operational effectiveness and, as such, it is usually best when 

maximized 
− AM is a function of how the system is intended to be fielded

– Proper implementation requires trade-offs between operational AND non-operational factors:
» Operational factors include AO, Mission Reliability, Logistics Reliability, MDT
» Non-Operational factors include Total Inventory, Active Inventory, Sustainment Strategy (repair levels, 

spares availability, delays, etc.), Ownership Cost

• AM includes two Key System Attributes (KSAs):
– Materiel Reliability
– Ownership Cost

• ODDR&E Systems Engineering has developed guidance for 
implementation of the Sustainment KPP: RAM-C Report Manual
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What is RAM, really?

• Definitions (Adapted from Reliability Statistics by Dovich):
– Reliability:

1. The duration or probability of failure-free performance under stated conditions.
2. The probability that a system can perform its intended function for a specified interval 

under stated conditions.
• For non-redundant designs, the definitions are equivalent. For designs including redundancy, 

definition 2 reflects the “mission” reliability.

– Availability:
− A measure of the degree to which a system is in the operable and committable state 

AT THE START of the mission when the mission is called for at an unknown 
(random) time. 
{Emphasis Added!!!!}

– Maintainability:
− The measure of the ability of a system to be retained in, or restored to, a specified 

condition when maintenance is performed by personnel having specified skill levels, 
using prescribed procedures and resources, at each prescribed level of maintenance 
and repair.

Reliability, Availability, and Maintainability → RAM
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AO vs. AM
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AO vs. AM: What is 
Materiel Availability? (1 of 4)

• Materiel Availability (AM) is a system design 
metric
– Applies to all items that have been delivered at any point in 

time—Active + Inactive
– AO applies only to the Active Inventory—and usually to a subset of that!

• AM is optimized—not maximized
– AO is a direct measure of operational effectiveness 

− Usually best when maximized
– AM is a function of how the system is intended to be fielded 

− Any value is acceptable
– A missile system where only 5% of the missiles are fielded at any one time 

might have a valid AM of 0.05! 
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AO vs. AM: What is 
Materiel Availability? (2 of 4)

• Definitions:
– For End Items or Assemblies procured with spares (includes 

one-shot devices) :

– For Systems procured as part of an end item:

Downtime  Uptime
UptimeAM +

=

AcquiredNumber  Total
Taskingfor Ready Number AM =
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AO vs. AM: What is 
Materiel Availability? (3 of 4)

• Proper implementation requires trade-offs 
between operational AND non-operational 
factors:
– Operational factors include:

− AO
− Mission Reliability
− Logistics Reliability (aka Basic Reliability)
− Maintenance Down Time (MDT)

– Non-Operational factors include:
− Total Inventory
− Active Inventory
− Sustainment Strategy (repair levels, spares availability, delays, 

etc.)
− Ownership Cost
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AO vs. AM: What is 
Materiel Availability? (4 of 4)

• ODDR&E SE has developed guidance for 
implementation of the Sustainment KPP
– RAM-C Rationale Report Manual

− Called for in the July 21, 2008, memo

– Signed May 31, 2009
− Army non-concurral based on AM not being immediately under the full 

control of the combat commander
− Added AO as additional consideration in newest version of 3170.01 

series manuals
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RAM-C Manual: Trade-offs 
Required for Sustainment KPP

The Sustainment KPP ensures the program considers 
reliability and O&S costs equally during system design 

and development.

Drive reliability 
up to optimum 
level

Drive 
sustainment 
cycle time down 
to optimum level

more

less

reliability

sustainment cycle time 
(Maintenance Down Time 
or MDT)

life cycle cost
(acquisition + 
O&S)

Higher $ due to 
increased 
R&D/ACQ costs

Higher $ 
due to 
increased
O&S costs

R&D/ACQ/O&S
Lowest $
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Summary

• RAM must return to being a key design 
consideration during system development—and 
the new acquisition reform legislation mandates 
this!

• Sustainment costs are mostly set during system 
design.

• The Sustainment KPP is intended to establish 
necessary trade space.


	Reintegration of Sustainment into Systems Engineering During the Department of Defense Acquisition Process
	Introduction
	Slide Number 3
	Background: Report of the Defense Science Board Task Force on Developmental Test & Evaluation (1 of 3)
	Background: Report of the Defense Science Board Task Force on Developmental Test & Evaluation (2 of 3)
	Background: Report of the Defense Science Board Task Force on Developmental Test & Evaluation (3 of 3)
	Background: Other Considerations
	IOT&E Results
	New RAM Policy: Origins of Sustainment Key Performance Parameter (KPP)
	Materiel Availability KPP Established to Relate Logistics Reliability to �Ownership Cost
	RAM Policy Memo
	New RAM Policy: �July 21, 2008, RAM Policy Memo
	Defense Acquisition Guidebook Design Considerations
	Sustainment KPP:�Materiel Availability
	What is RAM, really?
	Slide Number 16
	AO vs. AM: What is �Materiel Availability? (1 of 4)
	AO vs. AM: What is �Materiel Availability? (2 of 4)
	AO vs. AM: What is �Materiel Availability? (3 of 4)
	AO vs. AM: What is �Materiel Availability? (4 of 4)
	RAM-C Manual: Trade-offs Required for Sustainment KPP
	Summary

