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ABSTRACT

In 1988, the DoD implemented an initiative called Concurrent Engineering (CE) to improve weapon system quality while at the same time reducing both cost and schedule risk.  The United States Air Force (USAF) expanded CE concepts to include all disciplines, not just technical, and developed the concept known as Integrated Product Development (IPD).  The Air Force Systems Command successfully applied IPD to one of its most important weapon system programs:  now the F-22 Advanced Tactical Fighter (ATF).  Over the past four years, however, the F-22 Team
 recognized that a plan for continually improving IPD implementation is necessary to ensure a quality weapon system design.  This paper describes the F-22 IPD Implementation Improvement Plan.  It outlines the tool and process used by the F-22 Team to measure and improve its implementation of IPD and the overall quality of the F-22 weapon system.
EVOLUTION OF IPD

Concurrent Engineering.  In 1986, the President’s Blue Ribbon Commission on Defense Management noted that weapon systems take too long to develop, cost too much to produce, and often do not perform as promised or expected.
  At the same time, private industry was attributing its success in the competitive global market to its use of new integrated design initiatives such as concurrent engineering (CE).
  US industry reported improved quality of their products and services, decreased costs, and improved adherence to shorter schedules by the use of concurrent engineering approaches.  In 1986, the Under Secretary of Defense for Acquisition USD(A) chartered the Institute for Defense Analysis (IDA) to examine the concept of CE.
  CE has its roots in the integrated design and production practices which emerged in the Japanese auto industry following World War II.
  CE is defined as:
A systematic approach to the integrated concurrent design of products and their related processes, including manufacturing and support.  This approach is intended to cause developers, from the outset, to consider all elements of the product life cycle from conception through disposal, including quality, cost, schedule, and user requirements.

The IDA studied CE as implemented by fourteen major US corporations and conducted workshops to learn about the various approaches taken to apply CE in industry.  In the final report, the major recommendation by the IDA was that the DoD take positive steps to encourage use of CE in weapon systems acquisition.
  The IDA concluded that companies which implemented CE practices produced higher quality products at lower cost and in less time than before.  Following this recommendation, the DoD and Service acquisition secretaries required implementation of CE into the DoD’s weapon systems acquisition process.
,
 
IPD in the USAF.  The Air Force Systems Command
 expanded on the CE concepts to include all disciplines (e.g. finance, logistics, etc.), not just technical, and named their implementation concept of CE “Integrated Product Development” or IPD.  The USAF defines IPD as:
A philosophy that systematically employs a teaming of functional disciplines to integrate and concurrently apply all necessary processes to produce an effective and efficient product that satisfies customers’ needs.

This modified concept of CE was implemented by Air Force Materiel Command (AFMC).  Certain weapon development programs including the F-22 fighter weapon system (others were F-15, F-16, and B-2) were identified within Aeronautical Systems Division (ASD) as test beds for IPD.  This expanded concept of CE has been used on the F-22 Advanced Tactical Fighter (ATF) program since the award of the Engineering & Manufacturing Development Phase contract in 1991.

Tenets of IPD.  The IPD philosophy embodies eight key tenets.
  The F-22 Team used these tenets to guide its implementation of IPD.
(1)  Cultural Change:  Embracing the IPD philosophy requires purposeful, multi-disciplined teamwork.  The priority of focus for IPD should be:

a.  The customer

b.  The product

c.  The process

d.  Constraints, …and then

e.  Organizational structure

The first step requires focus on the customers’ needs to determine what the product will be.  The necessary processes are then implemented in order to deliver the product to the customer.  The customer, the nature of the product, and the organization structure provide the constraints applied to the multi-disciplined team.  Constraints may require modification to existing processes, development of new processes, and changes to organizational structure.

(2)  Product Focus:  The IPD requires a product focus and a complete understanding of the processes required to optimize the product.

(3)  Up-Front Planning:  The life cycle of a product or process will be integrated through comprehensive, up-front planning that must include all functions, customers, and suppliers.

(4)  Right People, Right Place, Right Time: All functions that impact the achievement of the customer’s requirements should be applied concurrently, in a team fashion, throughout the life of a product or process.

(5)  Teamwork and Communication:  People must function as a team.  Team success, facilitated by rapid, open communication must be emphasized and rewarded.  Management relationships must be developed which are consistent with and focused on achieving the team’s measurable goals and objectives.  Integrated Product Teams (IPTs) are the heart of IPD.  The F-22 IPT structure is shown in Figure 1.0.  Key characteristics of IPTs are:

a)  Team is set up to produce a specific product or service.
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b) Multidisciplinary – all team members / functions working together towards a common goal.
c) Members have mutual, as well as individual accountability.

d) Integrated, concurrent decision making.

e) Empowered, within specific product or service goal, to make decisions.

f) Planned integration among teams towards system goal.

(6)  Empowerment:  Decisions must be driven to the lowest possible level commensurate with risk.  Resources should be allocated at levels consistent with authority, responsibility, and ability of the people.

(7)  Seamless Management Tools:  A framework must be established which relates products and processes at all levels to demonstrate dependency and interrelationships.  This hierarchical interrelationship (e.g., Systems Engineering Master Plan methodologies) must be understood and appropriate partnerships established to ensure that all decisions are optimized toward the ultimate user’s end product.

(8)  Integration throughout the Life Cycle:  IPD will encompass all products and processes, regardless of the point in their life cycle.

7 CHALLENGES TO IPD IMPLEMENTATION

Implementation of IPD poses several unique challenges to success.  Government and industry leaders have outlined seven barriers to implementing CE concepts (i.e. IPD) within the DoD.
  These are:

1)  Trust
5) Contracting


2) Leadership
6) Measurement


3) Resistance
7) Understanding


4) Resources

The F-22 Team has experienced challenges 1-5 and met them with initial success.  Measurement of IPD implementation and fostering widespread understanding of IPD are ongoing efforts.

How the F-22 Team Met Challenges 1-5.  During the initial implementation of IPD within the F-22 Team, challenges 1-5 had to be first overcome.  Before any progress towards IPD implementation could even take place, trust had to be established between all F-22 Team members.  Trust was established by a long term commitment to making and keeping agreements, maintaining credibility, and maintaining openness.  Challenge 2, leadership, was required at all levels of acquisition to support IPD.  To provide this, leaders were empowered at the lowest levels possible to make the right decisions.  This strengthened team leadership at the worker/action level.  Using this method, information is shared and issues are resolved at the lowest practical Integrated Product Team (IPT) level.  Challenge 3, resistance by functional groups (i.e., engineering, finance and contracting) was eased by rigorously applying tenet five, teamwork and communication through IPTs.  All functions that impacted the achievement of the customer’s requirements were applied concurrently in the IPTs.  Team members take ownership in each action and outcome of the IPT.  Early resource commitment, (i.e., time, people, and funding) at adequate levels (Challenge 4) was performed by identifying the requirement for IPD at the beginning of the engineering and manufacturing development phase (EMD).  Resources for the IPTs were committed at this time.  The F-22 Team overcame challenge 5, contracting, by changing the contract to support IPD and CE concepts.  In the initial request for proposal the requirement to implement IPD was first listed in the Statement of Work (SOW).  It stated “…using the Integrated Product Development / Concurrent Engineering approach, the contractor shall accomplish the tasks required to perform systems engineering and program management, and maintain technical control of the F-22 Weapon System.” This established the use of IPD as a requirement by each contractor.
The Gap – Challenges 6-7.   The final challenges to implementing IPD involved fostering universal understanding of the philosophy, processes, tools and applications of IPD and measuring progress of IPD implementation.  The AFMC IPD guide provides an evaluation scale to aide measurement and understanding of the IPD concepts.
  The F-22 Team used this scale as a starting point to develop its own understanding and measurement of its IPD implementation progress.  After an initial trial with the IPD guide evaluation scale, the F-22 Team found a need to develop their own scale or “tool” which was more product oriented and gave a clearer understanding of what IPD should look like in the organization.  The F-22 Team needed to develop a process and a tool to measure and improve the implementation of IPD and the overall quality of the F-22 weapon system design.  These final challenges were recently taken on by the F-22 Team in the form of the F-22 IPD Implementation Improvement Plan.
THE F-22 IPD IMPLEMENTATION IMPROVEMENT PLAN

A Structured Approach to Measurement & Understanding.  With the challenges of measurement and understanding in mind, the SPO Director chartered a project team to develop an assessment tool and a structured process to measure and continuously improve the F-22 Team’s implementation of IPPD.  Eight project team members, chosen to represent the SPO and each of the four primary contractors, developed an IPD Implementation Template (Figure 2.0) as the assessment tool and a process for continuous improvement (Figure 3.0).  Key aspects of this process are the use of a template to assess progress, development of action plans for improvement, and briefings at Program Management Reviews (PMRs)
 to status progress and facilitate exchange of best practices across the F-22 Team.

Development of the IPD Implementation Template.  The structure of the template draws upon the work done by the CALS / Concurrent Engineering Working Group – Electronic Systems Task Group.
  The template is a matrix, with the rows representing categories and the columns representing stages of implementation.  The project team developed the template in two levels for ease of use:  a top level template, and a reference level template.  The top level template (shown in Figure 2.0) is used as a “quick-look” assessment chart suitable for briefing purposes.  The reference level template (figures 2.1 – 2.4) breaks down each of the top-level categories into 
	CATEGORY
	STAGE I
	STAGE II
	STAGE III
	STAGE IV

	1.0  Organization structure
	- no interdisciplinary teams

- little customer / supplier involvement

- decision making distributed through functional organizations
	- ad hoc process action teams (PATs) & tiger teams 

=decision making resides with person who chartered the team
	- integrated engineering design teams

- team has authority to make engineering decisions
	- multifunction teams

-  customer / supplier is full team member

- decision making authority includes all needed disciplines

- team has separate budget, resource authority & responsibility

	2.0  System Integration
	- integration & planning handled primarily by upper management
	- integration performed serially by function
	- system engineering process applied to improve integration
	- integration is a principle element of each team’s mission

	3.0 Processes
	- processes institutionalized in functional organization structure
	- processes becoming team / project oriented
	- best practices applied to improve critical processes
	- all processes identified, documented and continuously improved

	4.0  Human Resource Management
	- HR management functionally oriented
	- project teams formed , but HR management still functionally oriented
	- HR management processes recognize team needs
	- HR management processes fully adapted to team needs

	( CURRENT STATUS                                                   (  DESIRED STATUS
Figure 2.0 Top Level Template – IPD Implementation Improvement Plan


Subcategories, providing the detail necessary to perform an assessment.  The project team developed wording for the template by gathering inputs and getting feedback from the IPTs.  Project team members solicited comments from IPT leaders through personal interviews and a series of trial runs briefed by the IPTs at the August and October PMRs.  In their briefings, IPTs were required to brief their assessment, their action plans for improvement, and best practices that could be shared with other IPTs.
Template Description.  The stages of the template (the columns) represent the progressive degrees of implementation of IPD.  The wording in each stage describes what an organization might look like at that stage.  In general, Stage I represents an organization that has not yet implemented IPD, while Stage IV represents an organization that has implemented IPD to the fullest extent conceived at this time.  The intermediate stages are part of a continuum between the two extremes.  Stage N, of Stage Next (not included as a final column in the templates presented here) represents a stage of implementation yet to be defined.  As the IPTs reach Stage IV, they obtain a better understanding of IPD concepts and will begin to look ahead to further improve their IPT.  As IPTs increase IPD understanding and strive for continuous improvement, they will begin filing in their own words for Stage N.  Once several of the IPTs have defined their own Stage N, the template project team will gather the inputs and publish standard wording for Stage N.  This new stage will become stage V, and another blank Stage N will be added to the right side of the chart.  In this way, organizations will always be stretching to find new ways to continuously improve.  The empty blocks in the reference level template are areas where the IPTs and project team could not describe intermediate levels of the IPD implementation continuum.  These blocks may be filled in later as IPTs use the templates to develop a better understanding of IPD.

The categories of the template (the rows) represent the aspects of IPD the team selected to measure and are aligned with the eight IPD tenets identified earlier.  The following is a description of each category of the template.

Category 1.0 – Organization structure:  IPD tenet 4 states that “All functions that impact the achievement of the customer’s requirements should be applied concurrently, in a team fashion, throughout the life of a product or process.  Organization structure is often the first, and most recognizable, change made to implement IPD.  IPD represents a shift in functional orientation to product orientation.  Therefore, creating the proper team environment for IPD implementation is imperative.  The very essence of IPD is that all necessary disciplines are represented on the team, so that their inputs can be made to the product.  In general, IPTs are the predominant organization structure used to implement IPD.  The IPT is simply a team of the right people.  This category examines the composition of the team, involvement of customers and suppliers, and the interaction of the team members.  Empowerment, another IPD tenet, is also measured by assessing the team’s scope of accountability, authority, and responsibility.
Category 2.0 – System Integration: Based on F-22 experience, one of the

	CATEGORY
	STAGE I
	STAGE II
	STAGE III
	STAGE IV

	1.1 Team Composition – who is on the team
	- task distributed to functional organizations
	- problems / special initiatives lead to creation of ad hoc teams staffed by functional experts
	- dedicated design team composed for duration of project
	- dedicated comprehensive team composed for life-cycle (engineering, manufacturing, QA, logistics, business management, etc.)

- skill mix evolves with program phase

	1.2  Team Member Interaction – how team members work together
	- individuals focused on specific task or discipline within their functional organization

 tendency to sub optimize to strongest discipline
	
	- multi-discipline perspective (aerodynamics, structure, avionics, controls, etc.) 
	- multi-functional perspective (Engineering, logistics, manufacturing, business management, etc)

	1.3  Decision making – scope of accountability, authority and responsibility


	- management plays directive role

- short term focus /  payback dominates
	- Management delegates decision making to ad hoc team for specific problems resolution / initiative


	- team has authority to make engineering decisions
	- management clearly defines team decision boundaries, authority, & accountability

- team has separate budget, resource authority & responsibility

	1.4  Customer / Supplier Involvement – customer includes internal, external, and end users (ACC, ALC, operational units etc)  Suppliers include internal and external
	- customer / supplier involvement limited to formal reviews
	
	- team actively solicits customer / supplier inputs
	- customer / supplier is active team member, participates in team decisions

	Figure 2.1 Reference Level Template – Category 1.0 “Organizational Structure”


biggest challenges of IPD is integration across IPTs.  While IPTs are focused on delivering their product, careful attention must be paid to integrating across teams so that decisions are made to optimize the final product for the end-user.  Integration and planning methods must be develop and applied across the teams to achieve final product optimization.  In addition, the program office must have a clear set of customer requirements, as well as a process for capturing evolving requirements, to understand what the end-user needs.  By examining the planning methods and processes used to accomplish effective requirements definition and integration, this category assesses the tenets of Up-Front Planning, Integration throughout the Life-Cycle, and Seamless Management Tools.
Category 3.0 – Processes:  IPD tenet 2 states, “IPD requires a product focus and a complete understanding of the processes required to optimize the product.”  While IPTs focus on the product, process management is essential to the effective operation of the IPTs.  The functional organizations play 
	CATEGORY
	STAGE I
	STAGE II
	STAGE III
	STAGE IV

	2.1 Integration - How integration occurs
	- product integration by a few project engineers
	
	- a small team of systems engineers facilitate integration process
	- integration processes defined and used

- teams accountable for interface management

	2.2 Plan / Methodology – process used to plan & monitor the program (short term)
	- planning expressed as individual detailed tasks and the project plan is the collection of these detailed tasks
	- an aligned view of the project achieved through work breakdown structure methodologies
	- tasks are concurrent & interdependent

- interrelationship between tasks must be known and planned accordingly
	- task identification iteratively improved throughout development

	2.3 Program Master Plan (PMP) – organization’s planning (long term) to address future program path and potential issues (e.g., technology transition, P3I)
	- no documented long term plans
	= PMP exists but sits on the shelf
	- long term planning documented by management but not flowed down
	- PMP is working / living document, strategic outlook

= guides teams product / tactical decisions to lowest levels

- 3 to 10 plus year outlook as appropriate for product

	2.4  Requirements Definition – process for capturing customer requirements and translating them into the product / process specification to satisfy complete life cycle needs
	- Customer defines requirements to every supplier (e.g., ACC to SPO, SPO to Ktr, Ktr to vendor)

- design flexibility is limited by detailed requirements definition

- requirements may not be fully understood by designers

- requirements introduced before adequate maturity resulting in excessive scrap & rework

- requirements traceability tools not used
	- requirements  understood and accepted by designers

- derived requirements not traceable to higher specifications
	- requirements challenges are encouraged by the customer as the design matures

- aware of new / changing requirement however, reactive response incurs cost & schedule impacts

- requirements linked across specifications
	- joint, iterative, requirements definition through all customer / supplier relationships (e.g., ACC, SPO, Ktr, vendor)

- anticipating change and responding effectively to new requirements with minimum cost & schedule impact due to strategic outlook

- adequate time provided up front before design release to mature requirements

- upward / downward traceability database supports validation / verification


	Figure 2.2 Reference Level Template – Category 2.0 “System Integration”


the key role as “process owners” in establishing, maintaining, and improving processes used by the product teams.  Effective process management helps mitigate the impact of personnel turnover and aids in consistent integration across the IPTs.  As identified by IPD Tenet 5, communication is essential to the success of IPD.  Information must be exchanged horizontally and vertically throughout the organization to ensure effective integration across the IPTs.  This category examines key organizational processes and the methods used to improve these processes.

Category 4.0 – Human Resource Management:  As indicated by IPPD tenet 5, for IPD to succeed “Management Relationships must be developed which are consistent with and 

	CATEGORY
	STAGE I
	STAGE II
	STAGE III
	STAGE IV

	3.1 Communication – information exchanged between and within organization components
	- up and down functional chain

- information received is functional specific, lack information outside the functional discipline
	- functional lines of communication blurred, no communication norms established

- ad hoc team gathers information to complete their project, communication outside the ad hoc team suffers
	- communication within teams but limited between teams, communications norms established

- some incomplete and untimely information, junk mail impedes processing of relevant information
	- information is exchanged horizontally & vertically throughout the organizations 

- everyone receives all the information they require when it is needed, no junk mail

	3.2 Reviews – process for assessing product process
	- schedule-driven process and product critiques

- each discipline schedules series of reviews with little consideration of cross-discipline trade-offs
	- event driven reviews ensure complete design package, rather than pieces is reviewed

- reviews are multi-disciplined with total team participation
	- immediate issue resolution

- process in place to gather real time input to make decisions versus waiting for a formal review
	- non-interruptive internal status reviews (ISRs) used to ensure correct processes are observed
- ISRs develop strategies for product & process improvement rather than focusing on the details of the design

	3.3  Information Resource Mgt – process for timely exchange of accurate information which efficiently utilizes communication / computing technology
	- local individual data management

- data requested as needed from other disciplines

- few data management tools
	- data is managed by the multi-discipline team

- data is structured for sharing within the team

- tools are in place for team members to retrieve the data they need to make optimum tradeoffs
	- data is automatically provided to users that need the information

- smart tool in place for data generator to automatically communicate information to impacted team members
	- repository of working data available across entire team enterprise

- appropriate data management system in place with efficient and accurate interpretation of queries

	3.4 Tool Development & Usage – management tools (e.g., cost, schedule, performance)

- technical tools (e.g., design & analysis)
	- minimum usage of standard tools
	- some usage of automated tools
	- automated tools developed for critical processes
	- initiate integration of tools across teams

	3.5 Bench marking – search for best practices leading to superior performance
	- internal company lessons learned used to improve processes
	- knowledge of other companies’ best practices is increased and used to improve processes
	- industry best practices used as benchmarks for improvement of processes

- most processes have benchmarks to strive for
	- systematic approach for continuous improvement through competitors / like processes (e.g., process cycle time, defects per unit measure)

	3.6 Metrics Development & Usage – use of metrics to achieve continuous improvement
	- not enough of the right metrics

- too many of the wrong metrics
	- just collecting metric data
	- metrics used to control some processes
	- metrics data drives improvements

	Figure 2.3 Reference Level Template – Category 3.0 “Processes”


	CATEGORY
	STAGE I
	STAGE II
	STAGE III
	STAGE IV

	3.7 Risk Management – how risks are identified and mitigated
	- ad hoc process for identifying some risks
	- systematic approach in identifying risks
	- business management & systems engineering management develop an approach to identify and mitigate risks
	- teams identify and mitigate risks at lowest level

	3.8  Customer Satisfaction Feedback – process for obtaining and using customer feedback to improve processes & products (customer is any party that receives the result of a process)
	- no customer feedback solicited

- individual disciplines optimize their areas using prior experience
	- ad hoc customer feedback solicited 

- limited use of feedback
	- systematic feedback process in place

- feedback on difficult improvement areas ignored
	- IPTs establish channels to continuously gather feedback

- feedback used by IPTs to improve processes / product

	Figure 2.3 Reference Level Template – Category 3.0 “Processes” (Concluded)


focused on achieving the team’s measurable goals and objectives.”
There is a clear recognition that Human Resource Management must evolve to facilitate IPD.  However, Human Resource Management is typically the last function to change practices to meet last function to change practices to meet the needs of IPD due to the difficulty of changing personnel systems.  In creating the subcategories, the project team chose aspects of human resource management that must change to facilitate operations in the IPD environment.
Key Concepts to Understand about the Template.  There are several key concepts to understand about the development of the Template and its use.
1)  The template was purposely developed to be subjective, rather than objective.  The project team felt there would be more openness and honesty in the assessments if scores were not attached to the template.  This reinforces the SPO/Contractor team relationship as well.  Despite the F-22 Team’s history of close SPO/Contractor relationships, there continues to be a concern on the part of the contractors that this assessment will be used as a “hammer” by the SPO.  In addition, we made assurances that results would not be used as Award Fee criteria.
  To further dispel contractor concerns and in keeping with the F-22 teaming philosophy, assessments are conducted across companies and the SPO.  For example, the Airframe team consists of sub-IPTs from the F-22 Systems Program Office (SPO), Lockheed Aeronautical Systems Co. (LASC), Lockheed Fortworth Co. (LFWC) and Boeing Military Airplanes Division (BMA); therefore, the assessment takes all 4 sites into consideration.  The Airframe IPT co-leads at the SPO and contractors develop their assessments together and brief them together at 
	CATEGORY
	STAGE I
	STAGE II
	STAGE III
	STAGE IV

	4.1  Resource Allocation – process for distribution of human resources
	- resources tied to specific disciplines rather than products
	- top level management allocates human resources based on product development needs
	- resources allocated to the teams by functional organizations

- team leader communicates human resource requirements to functionals
	- team members assess resource needs and identify and select members

- functionals provide motivated, skilled, trained resources as candidates

	4.2 Training and Education – training teaches the how of the job.  Education teaches the why of the job

- functionals nurture & broaden individual disciplines
	- training emphasis on specialties / functional skills
	- group dynamics and conflict management included in curriculum
	- team training initiated, whole teams are trained as a unit

- cross functional specialty awareness education
	- training and education based on formal group assessment of team performance 

- training & education are tailored to meet team needs

	4.3 Recognition – basis for awards / recognition
	- limited individual awards based on functional knowledge

- members want individual awards
	- individual awards

- management rewards “Lone Ranger” heroes for solving short term crises
	- team allocates award to individuals

“ “Hero” status is team-determined

- award based on contribution to team goals / objectives
	- team award based on contributions to long term program goals, not for short term sub optimization

_ “Heroes” not rewarded if team fails 

- members demand team awards versus individuals

	4.4 Performance Appraisals – how project members are rated and by whom
	- members rated by functional chief based on individual functional performance
	- members rated by functional chief based on individual performance on team
	- team leaders rate member on team performance

- functionals rate member on discipline expertise
	- team member input\puts considered in performance appraisal

	4.5 Leadership – who leads the team and how the team is led
	- centralized, functional lines control activities

- management appoints leader
	- management-selected interdisciplinary team leader
	- team selected interdisciplinary leader
	- formal interdisciplinary leader with subject matter leaders emerging based on ability & knowledge required for specific task

- all team members accept accountability for team performance

	Figure 2.4 Reference Level Template – Category 4.0 “Human Resource Management”


PMRs.  In this regard, it is truly a team assessment.
2)  The wording of the template was chosen to be applicable at any of the contractors/SPO and at any level of the F-22 Team.  Therefore, the wording is necessarily general and not specific to the government.  It represents a “best fit” between four diverse contractors and the SPO, and all of the tiers of management within each.  Some categories and descriptions will be more applicable to individual organizations than others.  The wording is meant to be used as a guide for further discussions within and between IPTs.  Users of the template should not focus on the specific wording, but use it as a framework and tailor it for their own applications.

3)  The assessments should not be “rolled up” or averaged from the reference level template to the top level template.  Similarly, the results from lower tiers should not be averaged to assess a higher tier.

4)  It is generally assumed that farther to the right on the template is better.  However, there may be cases where, an organization does not want to progress further to the right, given the complexity of the project and/or the resources available.  For example, a team with a relatively simple task may not need the most advanced methods of systems integration.  To implement them may be too costly or time consuming for the task at hand.  The team could assess themselves at Stage II or III and, looking ahead, decide they have progressed as far as is economically practical.  In this case the template is also valuable:  it has given the team a method to assess their current state, evaluate possible “next steps” that could be taken, and make a conscious decision to remain in their current state.  The team will not waste resources pursuing improvement just for improvement sake.  However, most teams using the template will find improvements, no matter how small, that can be made to increase their effectiveness.

5)  There should be no stigma attached to assessments at lower stages. This is simply an indication of the maturity level of IPD within the organization and the distance yet to travel.  The focus should be on making systematic evaluations and developing action plans for improvement.  It is also important to realize that teams may move to a lower stage of the template over time due to changing program conditions, changes in personnel, or implementation of new policies/processes.

The F-22 Team IPD Implementation Improvement Process.  As important as the template itself is the process developed to drive continuous improvement of IPD implementation. Following the PMR trial runs, the project team revised the template and refined the implementation process.  In developing this process, the project team considered these factors:
1) To optimize time spent by the IPTs, the process should dovetail with normal operations of the  F-22 Team and there should not be separate reviews.

2) The process should compliment the F-22 Team Plan
  (i.e., strategic planning) process

3) The process should emphasize improvement as well as assessment

The team briefed its recommendations for changes and further uses of the template at the November 1994 F-22 Team Executive Offsite (the annual strategic planning meeting of senior leaders from across the F-22 Team).  The offsite participants accepted the recommendations of the project team to continue use of the template through 1995.  As shown in Figure 3.0, the process consists of the following elements:

Annual IPT Assessment:  Each Tier I, II, and limited Tier III IPTs use the template to perform an annual assessment.  The assessment takes place in September or October, timed so that the IPTs can develop action plans to work for the coming year, and identify program–wide IPD issues for the F-22 Executive Offsite.  The IPTs assess their current status on the template and their desired (goal) status.  At the same time, they identify obstacles that are out of their control that block their progression to the next stage.  These obstacles are raised as issues to the next higher tier and, eventually, to the Executive Offsite for resolution.
Developing Action Plans:  The IPTs develop action plans to help move them further along toward full IPD implementation.  Action Plans consist of the action needed, the responsible individuals, the planned completion dates, and any interim milestones.
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Sharing Best Practices:  To help the flow of information across IPTs, each IPT identifies and briefs “Best Practices” (i.e., good ideas, innovative processes, or management techniques that may be applicable to other IPTs).
Status Progress Reports:  IPTs brief their assessments and Action Plan status at Program Management Reviews which are held every 8 weeks.

Template Maintenance:  The template project team maintains and updates the template as needed throughout the year based on the development of new stages by the IPTs.  In addition, the project team maintains a database of Best Practices presented by the IPTs at the PMRs.

Results to Date.  The past three years of IPD implementation on the F-22 Team and the first iteration of the IPD Implementation Improvement plan have produced the following lessons learned from the IPTs across the F-22 Team:

· Understand who all your customers are.  Active customer involvement is essential.  Traditional roles must change.

· Top level leadership (tier 1) on the part of both government and contractor must visibly commit to an IPD continuous improvement plan for it to work.

· IPT training is essential at all levels (Company / command, program, and IPT member levels).

· Management cultural changes do not occur overnight – functionals tend to resist IPT arrangements.  IPT leaders must have authority over personnel and budget resources.
· IPTs must have experienced and empowered members to fully represent their functional discipline (e.g., engineering, finance, etc.).  Otherwise the product will suffer in that functional discipline.

· The “I” in IPT can easily become “Independent” vice “Integrated”.  Integration across the IPTs at every level is absolutely imperative
· IPT members should sit together.  IPTs dispersed at various sites should meet on a periodic basis.  An integrated network of software tools is extremely useful to improve communication between dispersed IPTs.

· Set team goals / objectives – and tract them!  Ensure all team members participate in decisions.  Develop meaningful team metrics.

· Put the right people in the right job at the right time.   Appoint and train “LEADERS”.  Replace leaders that don’t / can’t lead.

· IPTs are wary of criticism by top leadership as they use the template and identify improvement areas.  IPTs need the opportunity to improve.

· IPTs were convinced of the usefulness of the IPD Implementation Improvement Plan.  It provided a structured review of IPT effectiveness and identified possible areas of improvement.

SUMMARY

The F-22 Team will continue to use the IPD Implementation Improvement Plan as they work Action Plans, identify Best Practices and perform another IPT assessment in the fall of 1995.  Linkage of the plan to the natural cycle for review and replan as necessary at the annual Executive Offsite. Only through a systematic approach of measurement and planning such as this can the primary goal of meeting the F-22’s mission be achieved.

� The F-22 Team members are identified as Air Combat Command, the F-22 System Program Office, Lockheed Aeronautical Systems Co. (LASC), and their team members, Lockheed Fort Worth Co. (LFWC) and Boeing Co., Pratt & Whitney Co., 26 major subcontractors, and other government agencies including HQ USAF, Defense Plant Representative Offices (DPRO), and Office of the Secretary of Defense (OSD), etc.





� President’s Blue Ribbon Commission on Defense Management.  A Quest for Excellence, Final Report to the President by the President’s Blue Ribbon Commission on Defense Management, June 1986.  GPO, 1986, p xxii.





� Institute for Defense Analyses.  Role of Concurrent Engineering in Weapons System Acquisition.  IDA Report R-338, Washington: GPO, December 1988, p. v.





� Institute for Defense Analyses.  Role of Concurrent Engineering in Weapons System Acquisition.  IDA Report R-338, Washington: GPO, December 1988, p. v.





� Womack, James P. and others.  The Machine that Changed the World – The Story of Lean Production.  New York:  Macmillan Publishing Company, 1990, p. 116.





� Institute for Defense Analyses.  Role of Concurrent Engineering in Weapons System Acquisition.  IDA Report R-338, Washington: GPO, December 1988, p. v.





� Institute for Defense Analyses.  Role of Concurrent Engineering in Weapons System Acquisition.  IDA Report R-338, Washington: GPO, December 1988, p. vii.





� OSD/USD-A).  Memorandum for Secretaries of the Military Departments, Subject:  Concurrent Engineering—A Total Quality Management Process.  Washington DC, 9 March 1989.





� SAF/A(A).  Memorandum for AF Acquisition Policy on Concurrent Engineering:  A Total Quality Management Process – ACTION MEMORANDUM.  Washington DC, 2 February 1990


� Since then, AFSC has merged with Air Force Logistics Command (AFLC) into what is now the Air Force Materiel Command (AFMC).





� AFMC Pamphlet 800-60 Integrated Weapon System Management Implementation Guide.  Reference Attachment E.  “Integrated Product Development Guide”, 31 March 1993, p. 275











� AFMC Pamphlet 800-60 Integrated Weapon System Management Implementation Guide.  Reference Attachment E.  “Integrated Product Development Guide”, 31 March 1993, p. 275





� AFMC Pamphlet 800-60 Integrated Weapon System Management Implementation Guide.  Reference Attachment E.  “Integrated Product Development Guide”, 31 March 1993, p. 289





� Report on the DoD workshop on Concurrent Engineering, Defense Systems Management College, November 14-15, 1990; December 17-21, 1990; and January 28-29, 1991.





� AFMC Pamphlet 800-60 Integrated Weapon System Management Implementation Guide.  Reference Attachment E.  “Integrated Product Development Guide”, 31 March 1993, p. 301





� PMRs are bimonthly program status reviews used by the F-22 senior leadership to status the health of the program





� First Principles of Concurrent Engineering – A Competitive Strategy for Product Development, CALS/Concurrent Engineering Working Group – Electronic Systems, 12 May 1992





� The F-22 Contract is a cost-plus Award Fee Contract.  An Award Fee is paid to the contractors every six months based on a subjective evaluation of their performance by the SPO.  The Award Fee criteria are written and agreed upon by the SPO and the contractors every six months and form the basis of the evaluation.





� In a concurrent effort during 1994, the F-22 Team developed its initial Team Plan, the strategic plan for the F-22 Team.  This plan identifies the F-22 Team’s vision, mission, and goals, and establishes focus areas to be worked over the next year.  Participants at the November 1994 F-22 Team Executive Offsite ratified the Team Plan and determined the focus areas, by priority, that the team would work through 1995.  Goal 5 of the Team Plan is “Enhance IPD through Continuous Improvement to Assure Final Products Meet Customer Requirements.”  The IPD Implementation Improvement Process is one of the methods for reaching this goal and measuring progress.
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