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How to Address Scope and Cost Risk for “':i‘:gi"h"s":::'ms
Obsolescence Upgrades g

* “It's just a simple upgrade” Or is it? — The perils
of repurposing

» Bottom line — Cost growth avoidance

= Why is this so difficult?

» Solutions and success strategies

ET&MA
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“It’s Just a Simple Upgrade...”

= Service life extensions —
Missile X
obsolescence and ~1950 - ~1980
other upgrades

Missile Y
with challenges ~1965 - ~1990

= Cost and schedule risks
are common
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The Perils of Repurposing

* Too many assumptions about reuse can result in
unintended consequences

“Drop in” use of

Repurpose for new
application

Existing missile

guidance section

Assumed sufficient
requirements analysis
and updates available

Missile dud results in
flight failure, and the

Value Engineering

Missile integration,

sparace o
7 times the price subassembly
of the missile
Legacy testing not Relied on production tests
comprehensive to and delta qualification — no delta
new conditions Design Verification or testing

against all requirements
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Do the Real Engineering

= Capability upgrades and obsolescence respins require true
system engineering at the subsystem level

* Inclusive engineering needed to readdress associated
design artifacts and avoid unpredictable execution

» Proper scoping of engineering effort can avoid many issues

ET&MA Lack of sufficient subsystem engineering causes cost growth in
ENGINEERING obsolescence respins and upgrades
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System Life Cycle — “The V”
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Fg?s(ijbillity Operations Retirement/
f udy, and
Architecture(s) Concept. Maintenance Replacement
Exploration
Life Cycle c - System Validation Plan s
onceptof \_ _ ~ _ _ _ _ _ _ ____ stem
FroessEes Operations Val);dation SyStem
Verification Plan
Syst
"” System ASZsier_n _Ac_ce_pt_an_ce_)» Ve?/i?i:argon
Requirements and
Deployment
Subsystem Subsystem
Verification Plan
(Subsystem
ﬁcse_ptgnfe_) Subsystem
Verification
Detailed Unit/Device
Design Testing
Unit/Component
Software/Hardware (aka Circuit Card)
Implementation
@ AL Changes and upgrades happen outside the normal

development process
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Acquisition Policy Impact

= Post-acquisition reform DoD acquisition practices (capability-based
acquisition) initially drove minimalistic subsystem engineering

= Current defense acquisition policy expects engineering rigor before
Milestone C

Figure 5. Defense Acquisition Milestones

Once past Milestone C,
development artifacts are
often not challenged
or readdressed

(Program
Initiation) FOC

Material Solution Technology Operations and
Analysis Development Support

Material
Development
Decision

Before Systems Acquisition System Acquisition Sustainment

1
<>Decision Point A Milestone Review ‘ Decision Point if PDR is not conducted before Milestone B

Assumes lower level requirements are robust

Source: DODI 5000.02, page 2.

System Engineering emphasis

S5 ETRMA DoD acquisition scheme expects system and subsystem engineering
ENGINEERING completion before Milestone C — not budgeted for later in the life cycle o
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Faulty Planning and Flawed Expectations

= Drivers of cost over-runs

— Flawed assumptions about readily available data or documentation
— Requirements of original design not fully understood or applicable
— Scope of replacement may grow after uncovering additional needs

» Engineering discipline required after Milestone C

— Upgrading a legacy capability based system may require going through some
of the proper development process for the first time at the subsystem level

L ENGINEERING 9
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= Legacy solutions may
be incompatible with (MOSA) approach

modern practices _and =Partitioning and interfaces may not easily accommodate modern interfaces
component selections =Accommodating legacy interfaces may in fact add complexity

=Modern components with sufficient environmental requirements may

not exist

=Power system requirements — small changes may affect the whole

power system

=*Modern devices with fast timing may require changes to grounding

techniques or other interfacing components

=Older systems were not designed with Modular Open System Architecture

» Lack of documented
requ irements and =Difficult to respin a single Circuit Card Assembly (CCA) for obsolescence

implementation at the without its set of detailed requirements
Subsystem level =May spend a significant amount of time creating/documenting requirements

=Missing implementation details hinders insight into original design choices

* ‘Price to win’ contract strategies force tradeoffs in the
resources allocated to the Systems Engineering process
during proposal and execution4

= Cost and schedule constraints drive avoidance of robust
re-qualification

SES ETRMA Replacements have many constraints and drivers — “faster is not
e ENGINEERING always better” — hence the need for real engineering discipline
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» Two fundamental approaches to addressing unexpected
Issues during legacy system upgrades:

— Planning: Complete and
comprehensive initial bid

+ Pratiminary Tast and Varification Planning Complated -[CCANams] CC. 45 days 260 hrs

+ Internal Preliminary Design Review Compisted - [CCAName] CCA

— Execution: Engineering at
the subsystem level

ET&MA Good systems engineering must extend down to subsystem level

11
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Planning Solutions — Complete a Raytheon
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Comprehensive Initial Bid

= Better tailoring and execution [~ —

— Higher fidelity plans: Avoid “quick and dirty” Rough Order of Magnitude
(ROMSs) that lack fidelity and consideration for all life-cycle aspects, but can set
false expectations

— Thoughtful assumptions: Avoid “misuse of reuse” by determining availability
of documented requirements and implementation, fabrication and test
capability, and minimizing assumptions

— Prevent under-planning and ease execution by gaining a solid understanding
of the leverage gained from reuse and industry standards (or lack thereof)

— Arealistic and comprehensive plan will result in flawless execution

ET&MA Plans must not sacrifice proper subsystem engineering

th ENGINEERING
12
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Execution Solutions — Engineering at the Raytheon
Missile Systems
Subsystem Level

* Engineering integrity required to ¥
avoid later unintended consequences g™

— Engineering rigor will reduce multiple iterations, lowering cost

— To minimize iterations during respin or upgrade, ensure design integrity and
compatibility with remaining system from the beginning

— Extra effort up front can eliminate one or more unexpected qualification or
test failures late in the program

— Early investment in generation or modification of requirements, analysis,
modeling and simulation, and verification activities can prevent escapes during
later stages of the life cycle

— Documentation of requirements, analysis and results at all levels helps with
knowledge transfer later in product life cycle

ET&MA Subsystem engineering supports design integrity

13
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Subsystem Engineering Specifics

Feasibility Operations  Changes Retirement/
Architecture(s) Study/ and and Replacement
Concept Maintenance Upgrades
Exploration =Standard/Consistent in Legacy Designs
) =Nonstandard/Inconsistent
Life Cycle c - System Validation Plan '
Processes N — — — — — — — — — — — - System System
Operations Validation .
=Top-Level Requirement Documents
_Syst: =Missile Performance Specifications
Verification Plan System =System Level Grounding Scheme
o System 4_(8_}’5_“31” _Acicgpt_arlcEL Verification =System-Level Detailed Interconnect Diagram
o Requirements and [
o) Deployment §
% Subsystem -‘CA Subsystem
‘8%; Verification Plan =Critical ltem Development Specification
3 _ (Subsystem =Interface Control Documents
= High-Level 1\ 2ACCEPLANLE) Subsystem =Technical Data Package (TDP)
> Verification =Design Margin Plan, Analysis and Verification
% =Detailed Power and Ground System Design
3 =Models and Simulations
z : =Design Implementation Documentation
S Detailed Unit/Device |
Testing
Unit/Component (aka Circuit Card)
=Technical Data Package (TDP)
Software/Hardware =Critical Item Development Specification
Development =Design Margin Plan, Analysis and Verification
Field Installation =Detailed Power and Ground System Design
=Models and Simulations
Implementation =Design Implementation Dclacumentatlon
ﬂ CTRMA Critical subsystem artifacts need to be available or
1%
B ENGNEERG created for legacy systems 14
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Detailed Strategies for Successful Upgrades

* Requirements must
be product
(subsystem) based

= Trades must
account for
further future
upgrades

@ET&MA The devil is in the details

ENGINEERING

*Flow environmental and other requirements to the level of the replacement
»Fully understand and document the contribution of the subsystem to overall

system performance

=Comprehend the reasons behind legacy implementation to ensure necessary
functionality/operation not negatively affected by the upgrade

=What requirements were waived or not met previously that should be met now?

=\What were initially implementation details became requirements when system
was completed

=\Was modular open architecture implemented in legacy system? If not, can it be
added and in what portion(s) of the system?

=Can partitioning within the subsystem ease later obsolescence replacements?
=Can an older technology be retained and sustained or must it be upgraded to
something more available?

15
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Detailed Strategies for Successful Upgrades

* Analyses must

=Will implementation details of the replacement negatively affect surrounding
eXt en d b eyO n d subsystem (or vice-versa)?

=Can newer technologies directly interface with existing or are
Su b SyStem to translations necessary?

=Will the modification adversely affect power, grounding, software or other
ensure system aspect?

full compatibility

* Models and
. . *Do high-fidelity models and simulations exist or must they be created
S|mUIat|OnS ShOUId or upgraded?

=sReaddressing the models and simulations forces engineers to think through

b e as h | g h f| d el |ty the details of the upgrade and ensure nothing is missed

- =[_everaging existing higher fidelity models and simulations can save
as pOSS I b I € significant effort

ET&MA Models, simulations and analyses must be updated
{':‘ ENGINEERING A
& and validated 16
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Detailed Strategies for Successful Upgrade

= Verification must

»Design margin verification and delta design verification testing (DVT) must

be performed at be completed
=Qualification: What was done previously and how much “similarity”
al I Ievel S can be gained?

=Model verification and validation: use test data to validate models

=What failures occurred or deviations were requested during the original
development effort?

» Test strategies

=Planned test reduction for production programs may have eliminated
mu St b e equipment needed to verify a design spin
consi d ere d fro m -gxegt?rtlgdt ér;ttesrgatagz at lower levels of assembly may require modifications to
th e b eg innin g =Reprogrammability and built-in test (BIT) should be designed in at

every opportunity

=|nitial data for statistical process control in the factory must start being
collected during verification phase

=Clear understanding of production line capabilities and availability is essential

% EramA Need detailed verification at lower levels to support
{3 . 0 0 - - -
Q higher-level operability and reliability .
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Obsolescence Re-spin Opportunity

System/Subsystem Requirements
Development

Obsolescence
Included

In the Original
Proposal

System/Subsystem Characterization

Performed
Trades to
Existing
Requirements

Modeled
Breadboard
Components

Updated
Product
Requirement and
Models

Modular Design, Open Architecture,
Redesign the System

Proof of Design
for
System
DVT

Complete
System
Qualification

= Assumptions about availability of engineering artifacts validated
» Model Development and design verification well thought out and properly planned and

executed

= System level EMI testing included
» Teamwork between the customer and the contractor to define a clear statement of work
= All of the legacy design documentation was reviewed for completeness and updated as

necessary

= Customer is ecstatic with the performance

ek
B,

Proper planning strategy and engineering rigor help to keep
cost under control even with a very aggressive schedule

18
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Summary

* Don’t be trapped by ‘it is just a simple upgrade”

* The constraints and drivers of capability and obsolescence
upgrades can result in cost-driven decisions that reduce
subsystem engineering and ultimately add risk

= Subsystem design information required to efficiently and
effectively replace portions of a system should be assumed
as not available (validate those assumptions)

* Incorporating the outlined strategies will promote
design integrity

» Subsystem engineering discipline and proper scoping of
the effort will keep cost and schedule in check

S Erama Subsystem engineering discipline is a key to
e’ ENGINEERING
long term success 19



Non-technical per ITAR 120.10(5)

Raytheon

Customer Success s Our Mission

Questions?



Non-technical per ITAR 120.10(5)

Raytheon

Missile Systems

Bibliography

1. COTS: Doing it Right; Jacques S. Gansler , Ph.D.

2. Christensen, David S. 1993. “An Analysis of Cost Overruns
on Defense Acquisition Contracts.” ProjectManagement
Journal 3:43-48 (September).

3. Cost Growth In Major Defense Acquisition: Is There A
Problem? Is There A Solution? William D. O’Neil; July 2011

4. National Defense Industrial Association Systems
Engineering Division Task Group Report Top Systems
Engineering Issues In US Defense Industry September
2010 (Final-v11-9/21/2010)

ET&MA
L+ ENGINEERING 1


http://www.dtic.mil/cgi-bin/GetTRDoc?Location=U2&doc=GetTRDoc.pdf&AD=ADA494033
http://www.dtic.mil/cgi-bin/GetTRDoc?Location=U2&doc=GetTRDoc.pdf&AD=ADA494033
http://www.dtic.mil/cgi-bin/GetTRDoc?Location=U2&doc=GetTRDoc.pdf&AD=ADA494033
http://www.dtic.mil/cgi-bin/GetTRDoc?Location=U2&doc=GetTRDoc.pdf&AD=ADA494033

Non-technical per ITAR 120.10(5)

Raytheon

Missile Systems

About the Authors

= Milly Lierman is an Engineering Fellow with Raytheon Missile Systems and has
21 years of experience with Raytheon/Hughes Aircraft, having held various design
and leadership roles in the Electronics Center and Electrical Subsystems Directorate
(ESD). Currently she holds the position of product area lead for the Naval Area
Mission Defense and part of Air and Missile Defense Systems product lines. This role
allows her to work with various program leaders and customers, guiding technical
work and helping teams to plan and execute within budget and on schedule.
Lierman has a dual bachelor’s degree in electrical and computer engineering from
Purdue University and a master’s degree in electrical engineering from the University
of Arizona.
— Milly L. Lierman; Raytheon Missile Systems Company, 520.794.0448, mllierman@raytheon.com

= Tim Morrill is an Engineering Fellow in the Electronic Subsystems Design Directorate.
He has been with Raytheon for 13 years. He was originally hired into the electronic
controls design department. He was a section manager for seven years while he
worked on various programs at RMS. Before Raytheon he worked for Delco
Electronics in Kokomo, Ind. for five years. He was the electrical design lead for the
four-wheel steering program that was integrated on the Denali line of SUVs. He
worked for Hughes Aircraft Company in Las Vegas, Nev. for 10 years designing
one-of-a-kind radar systems. Before working in the private industry, Morrill was
enlisted in the USAF. Tim was an automatic tracking radar specialist and worked in
the electronic warfare arena as a red force operator. Morrill's experience spans the
entire life cycle of the product.
— Timothy G. Morrill; Raytheon Missile Systems Company, 520.663.9622, tgmorrill@raytheon.com

ET&MA
xt ENGINEERING
22



