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Introduction — the importance of Knowledge Management
Characteristics nonrecurring processes

Relevant Knowledge Management theory and basics
Lessons from Systems Engineering

Lessons from Lean Development

Recap
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Asset Owners

Governments
Regulatory bodies

o Technical
. . Certification . )
Engineering . Project Consulting
. and compliance :
Services ) Management Services
services -
Services
Product oriented Safety oriented Project oriented Process & organisation
services services services oriented services
To design and optimize To ensure compliance To enable succesfull To define and improve
physical products to safety requiations project completion technical processes and
organisations
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Knowledge is the — partly subconscious —
personal ability to perform a certain task or service

This ability is a function of
Information, Experience, Skills and Attitude
that somebody has at certain moment
(ref. Prof Weggeman TUe)

“Yes, I've learned from my mistakes. I’ve learned if you
call them ‘missed opportunities’ you get in less trouble.”

Knowledge that Business Knowledge that It is costly wisdom that is

fits our

mission,
goals and
strategy

continuity
requires
maintaining and
developing
Knowledge

supports brought by experience

current and [Roger Ascham]
future value

propositions
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= Following the P-D-C-A cycle — per step and for the whole process

Mission
Vision
Goals
Strategy

Knowledge Knowledge

Knowledge
Application Evaluation

Development

Required
Knowledge

Available
Knowledge

Cyclic
continuous
learning




Characteristics of nonrecurring processes £DSE
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= Definition
= Not occurring or happening again, especially often or periodically.
= Noting or pertaining to an income or charge considered of a nature not likely to occur or happen again.

= |n the aerospace industry: processes that happen only once, at least for a specific product or program

= |nitial development
= R&D
= Product Development
= Type certification
= Business development
= |ndustrialization
= Customer support package development
= Significant changes
= Variants and version development
= Modifications and updates
= |ndividual sales cases
= |ndustrial change (rate change, re-location of production, supplier change)
= Significant re-organizations and process improvements
= Additional new services




Product Development characteristics ‘DSE
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= Product development consists of 2 distinct phases

Develop Information: Develop Information:
Inputs for Decisions Definitions for Users

Customer Suppliers
Needs & Req’ts Offers & Reqt’s
Produce
m & Support
. Concepts & Detail Design/
Business Technology | Industrialization l
Needs & Req’ts

Simulate, Test & Certify

o BN o

Operate
& MRO

Y4 V¢

= Successful product development requires sound planning and decision making in the 15t phase — see lessons from
Lean Development




Process Development characteristics
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= Process development requires an understanding of its building blocks

Process

Methods and practices

Tools and enablers

Environment

Defines

Defines

Enhances

Enables

What

How

What and how

What and how

= Process development is required if the purpose and/or the environment of the process has to change

Process

Methods

Tools and enablers

Environment

Why do |
do that?

Why do |
do that in
this way?




Questions for KM on nonrecurring processes ‘DSE

How does Knowledge Management work for a nonrecurring environment?

Engineering and other development work is often experience based so how do
you get from standards to practical methods and skills?

What are the relevant KM-processes?

How do you address (personal) knowledge in relation to competencies for
teamplay > organisational capabilities

10
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Knowledge

Application ¥ Evaluation

Development

Required

Mission Knowledge Cyciic

Vision )

Goals continuous

S learning
trategy Available

Knowledge

Internal R&D
Open Innovation Networks
Organizational Development .

Business Research & Development Sr—

Required
Mission Knowledge vl
+ Vision yclie
Goals continuous
learning

Strategy Available

Quality Knowledge

Improvement

v

Time
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R&T projects on new materials, designs and processes >>> create Develop Information: Develop Information:
options for future use Inputs for Decisions Definitions for Users

- New generations of existing solutions :
Customer Suppliers

Needs & Req'ts Offers & Reqt's

g T
S

- Disruptive concepts

Concept development & evaluation Technology | Industrialization

. . . . . - Simulate, Test & Certify
- Concept studies using models and simulations extrapolating on existing ‘

knowledge

Concepts & Detail Design/ ‘
Operate
& MRO

- Rapid prototyping on integrated systems and component level for disruptive

concepts

Feasibility studies
- Are solutions attractive for customers (and society)

- Are solutions technically feasible (and certifiable)

- Are solutions economically viable (competitive) Possibly via international
Industry Working Groups

(ASTM, SAE, ARINC)

Standardization

eDesign architecture and interface definitions

eCertification baseline (requirements & acceptable MoCs)
eDesign standards definition
eMaterials & process specifications and qualification

12
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Knowledge Development — Business Development

The Business Model Canvas

Customer Development Process With Customer ...

This slide is 100%
editable. Adapt it to

Customer
Validation

Product
Market Fit

Business
Model

Sales &

gl Marketing

Roadmap

This slide is 100%
editable. Adapt it to

Customer
Creation

Scale
Execution

o

=

This slide is 100%
editable. Adapt it to

strategyrer com

Customer
Building

le
anization

This slide is 100%
editable. Adapt it to

your needs and your needs and your needs and your needs and
capture your capture your capture your capture your
audience's attention. audience's attention. audience’s attention. audience's attention.

Key Partners @ | reyactnties % | vaue Propositions 8 | customerRetationships @ | Customer Segments 3@
= VALUE PROPOSITION CUSTOMER PROFILE
GAIN CREAT:!
i
Key Resources au Crannels s ]
prdie i e S
= ©
wi
wv
]
wv
= -
9]
=]
[=]
o
Cost Structure @ | revenve sreams é g
PAIN RELIEVERS
®strategyzer
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Different ways to measure Readiness (RL) or Maturity (ML) Levels ‘DSE

NNNNNNNNNNNNNNNNNNNNNNNN

* Technology Readiness Levels (TRL)

I need a more

. . : I NEED A
* Integration Readiness levels / Integration | Uécﬁ;fgw SMARTER
Maturity Levels (IRL, IML) 3 ' HUMAN. |

* Manufacturing Readiness levels (MRL)

" Organizational Readiness levels
= Capability Maturity levels (CMM)
= Operational readiness levels

14



Technology Readiness Levels ‘DSE
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/\ Technology Readiness level (TRL): Developed by NASA to describe the
System Test, Launch . . . . .
& Operations TRL 9 maturity of a given technology. With a predetermined checklist the
[ | — maturity of a technology can be established.

System/Subsystem TRL 8
Dovelopment — TRL has many limitations:

TRL7 = Does not provide a complete representation of the (difficulty of)
Technology integration of multiple technologies in a system.

Demonsfration = Gives no guidance into uncertainty (risk, cost) that may arise when

going up the TRL ladder
Technology - = There are no considerations to: integration, interoperability and
Development = ] . i
sustainment of the operational environment
= Does not pay attention to develop related manufacturing capabilities

Research to Prove

Feasibility = Does not include effect of technology on the organizational, human
resources etc.

Basic Technology = Does not concern with certification compliance

Research

= And more....

15



From TRL — Integration Readiness Level (IRL)
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READINESS LEVELS

TECHNOLOGY READINESS LEVELS

TECHNOLOGY — ELEMENT

INTEGRATION — INTERFACE

TRL Definition IRL Definition
9 Actual system “flight proven” through | 9 Integrated is Mission Proven through
successful mission operations. ’_ successful mission operations.
o ﬁ i _
Actual integration completed and
LU SR o) % Mission Qualified through test
8 “flight qualified” through test and 51 8 and demonstration in the system
demonstration. s § ErGironmment.
- The integration of technologies has
7 | ‘Spemproitpedemonstafintn: g \— 7 | been Verified and Validated with
sufficient details to be actionable.
System/subsystem model or The integrating technologies can
6 prototype demonstration in a = —4 6 Accept, Translate, and Structure
relevant environment. Information for its intended application.
There is sufficient Control between
o
| e, |8 § | e
c 'y 5
There is sufficient detail in the
4 °°f"°‘?“e'.“ andlor breadbqard — — 4 Quality and Assurance of the
validation in laboratory environment. integration between technologies
Analyﬁcal and experimeqta! critical Enzrfal;ec)?gmglignmogcg?gm
3 function and/or characteristic proof = 1 3 orderly and efficiently integrate and
oicencent interact.
o There is some level of specificity
2 Technology concept and/or application 3 2 to characterize the Interaction

formulated.

Basic principles observed and reported.

Interface

(i.e., ability to influence) between
technologies through their interface.

An Interface between technologies
has been identified with sufficient
detail to allow characterization of
the relationship.

Figure 2. Technology and Integration Readiness Levels

ST3A3T SSINIAVIY NOLLYHEOILNI

= |RLs describe the integration maturity
of a developing technology with
another technology, developing or
mature.

= Focus on; interface identification to
successful integration

= | imited to interfaces between two
technologies only

16



Manufacturing Readiness Levels (MRL)
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Level [Manufacturing readiness level (MRL) description
10 |Full rate production and lean production practices in place
Low rate production , capability in place to begin full rate
9 [production
Pilot line capability demonstrated, ready to begin low rate
8 |production
Capability to produce systems, subsystems or components in
7  [a production representative environment
Capability to produce a prototype system or subsystem in a
6 [production relevant environment
Capability to produce a prototype components in a
5 [production relevant environment
Capability to produce the technology in a laboratory
4  |environment
3  [Manufacturing proof of concept developed
2  [Manufacturing concepts identified
1  |Basic manufacturing implications identified

MRL is a measure to assess the
maturity of manufacturing
process which includes not only
design but also optimization of
the process (which is why MRL is
from1-10)

Focus on; manufacturing
implication, capabilities,
achieving full rate production
and lean production practices

There is no explicit focus on
quality, a minimum (defined)
acceptable quality is assumed.

17
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The extent to which an organization is both willing and able:
= To implement and absorb a particular new or innovative technology or process
= To work with a new product or system with new functionality or requiring new operating procedures

A Stable and flexible. Organization is focused on continuous improvement and
Optimizing is built to pivot and respond to opportunity and change. The organization’s
stability provides a platform for agility and innovation.

Quantitatively Measured and controlled. Organization is data-driven with quantitative
Mana ge d performance improvement objectives that are predictable and align to
meet the needs of internal and external stakeholders.

1
. Proactive, rather than reactive. Organization-wide l O r g a N ' Z a t l O n a l
Defined standards provide guidance across projects, programs @
’ l
|

Readiness

and portfolios.

Managed on the project level. Projects
Managed are planned, performed, measured,
and controlled.

- Unpredictable and reactive.
Initial Work gets completed but is
often delayed and over budget.

18



Lessons from Systems Engineering

£DSE

CONSULTING AND ENGINEERING

There are 3 axes to determine SE capability maturity:
= Processes defined and executed, products realised
= Methods and tools in place and successfully used
= People trained, skilled/competent and engaged in SE processes

Common Technical Processes
« System Design, Product Realization, and Technical Management

Tools and Methods

Advanced Tools and Methods

*NASA SE Handbook and Guides

*Technical Measures and
Assessments

>

Workforce

+Skills, Competencies, Teamwork,
*Ethics, Training, Experience

19



Lessons from Systems Engineering
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W

Work, communiers o VO SSING CO|
Global undeanon Perspective, MPETENCEg
ding, project managem m‘:’*:‘tc:l thinking,

—

\
Und MANYi D?CIPLINES M E B
erstanding SOmmunications ummMANY SYSTEmMs
— | landlngaco,nmw cations
H _\
Build your
development S
teams on LEAST ONE 'LJEEAE;"NAT
A DISCIPLINE e T ONE
specialists and Anayic Aﬁ;i"
. ng
integrators Soan ||| s
Solving
«——— BREATH ___,

Systems Program Lead Systems Engineering
Leader

( >20 years)

Senior Systems
Engineer
(13 - 20 years)

| Core Systems Engineering Principles: Professional: |
«  Communications !
«  Systems Thinking +  Ethics and Professionalism e
« Lifecycles + Technical Leadership Pay eXpIICIt
«  Capability Enginegring + Negotiation attention to
+ General Engineering ¢  Team Dynamics A
+  Critical Thinking +  Facilitation professional
+  Systems Modelling and Analysis «  Emotional Intelligence .
+  Coaching and Mentoring skills and

Technical: Management: attitude
+  Requirements Definition « Planning
«  System Architecting +  Monitoring and Control development
¢ Design for... +  Decision Management
¢ Integration + Concurrent Engineering
¢ Interfaces + Business & Enterprise Integration
¢ Verification ¢ Acquisition and Supply
« Validation * Information Management
+  Transition + Configuration Management
+  Operation and Support + Risk and Opportunity Management

Integrating:

+  Project Management

+ Finance

. Logistiu

¢ Quality

Systems Engineering Competency Model - Proficiency Level Table

COMPETENCY AREA — Category: Competency

Description: explains the competency and provides meaning behind the title.

Why it matters: indicates the importance of the competency and the problems that may be encountered in

the absence of that competency.

Experience

Systems
Engineer
(9-12years)

Team Participant
(5-8years)

¢

Technical Contributor
(1-4years)

Mentoring & Life-Long Learning

Educational Disciplines

EFFECTIVE INDICATORS OF KNOWLEDGE, SKILLS, ABILITIES AND EXPERIENCE

AWARENESS SUPERVISED PRACTITIONER SENIOR EXPERT
PRACTITIONER PRACTITIONER
The person is able to | The person displays an | The person displays The person displays The person displays
understand the key understanding of the detailed knowledge of both in-depth and broad | extensive and
issues and their subject but requires the subject and is knowledge of the substantial practical
implications. guidance and capable of providing subject based on experience and
They are able to ask supervision. guidance and advice to | practical experience. applied knowledge
relevant and others. of the subject.

constructive questions
on the subject.

The person is capable
of leading others to
create and evaluate
solutions to complex
problems in the subject.

20



Lessons from Lean Development
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14 Toyota Way Management Principles

Problem
Solving
(Continuous
Improvement
and
Learning)

Plan your
development

THE LEAN PRINCIPLES roadmap using some
sort of takt time |

¢ Continual organizational learning Develop
o Go see for yourself to thoroughly understand the situation as many
o Make decisions slowly by consensus, thoroughly .
considering all options; implement rapidly options as

possibly

People and Partners

(Respect, Challenge,

Teamwork and Grow
them)

o Grow leaders who live the philosophy
o Respect, develop, and challenge your people and

Toyota Production System

(4M’s: Man, Material, Method, Machine)

teams
e Respect, challenge, and help your suppliers

Create process ‘flow' to surface problems

Process
(Eliminate Waste)

Use pull systems to avoid overproduction
Level out the workload

Stop when there is a quality problem
Standardize tasks for continuous improvement
Use visual control so no problems are hidden

Philosophy
(Long-Term Thinking)

Use only reliable, thoroughly tested technology

¢ Base management decisions on a
long-term philosophy, even at the
expense of short-term financial
goals

panE——

5. Seek
perfection

1.

Lean

4, Establish
pull

3. Create
flow

[dentify
value

2. Map the
value stream

21
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= How does Knowledge Management work for a nonrecurring environment?
» The same as for recurring processes but with a much longer learning cycle
» So take care of continuity in staffing, over subsequent development projects

= Engineering and other development work is often experience based so how do you get from
standards to practical methods and skills?
» By sharing best practices and lessons learned from previous programs/projects in an honest way
» By securing continuity in teams with seniors and juniors
» By tailoring standards into your own methods suited for the situation/challenges
» By using test & evaluation for learning for continuous learning

= What are the relevant KM-processes?
= Define your mission, vision, goals and strategy
» Plan/design the new technology, value proposition, process
= Develop and test using rapid prototypes or simulations/games
= Evaluate and either adjust your vision, goals or strategy or start further iterations

= How do you address (personal) knowledge in relation to competencies for teamplay >
organisational capabilities

= By addressing cooperation models and team roles as essential parts of developers competences
= By developing and refining cross-functional processes — define interactions during process planning
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