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Example of Problem: We typically Implement
KPPs and Tools before we design the System

Andon Board
Solves theFR: Identify Problems
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Collective System Design (CSD) ]
With CSD, System Relationships are desigel NJA G
tools and measures are implemented.
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Two Point Lesson - Slide 2

U0 An automotive manufactureri mp | e me AndendBoiar d s
(as a best practice) throughout their factories. These boards
cost 10k+ each e BUddndtimpleament o myg
Toyotaodos Problem I denti ficatior
Is used in Conjunction with the Andon Board. The use of the
Tool was a failure for two reasons:

+ First, the Andon Board keeps a rolling count of parts that should be
made to takt time in order to fulfill customer demand. The
Fundamental requirement in manufacturing is to produce exactly the
guantity and variety of products the customer demands per time
interval (daily for this plant). The auto company did not use Takt time
as part of their control system to identify on a part-by-part basis
whether the plant is producing at the pace of customer demand.

+ Second, the structure of the work force and their standard work was
not implemented to ensure that when takt time is not met that the
work force responds in a pre-defined and standard work way to
correct the problem condition of the offending cell not producing to
Takt time.

System Design, LLC, Proprietary, contact Dr. David S. Cochran, dcochran@systemdesignlic.com Copyright 2009, all rights reserved 3



What is Collective System Design?

U Itis asystem design and implementation methodology
based on the thesis that:

System relationships can be Co-created by the Users of a System

Systems to be successful must meet all user needs

Cost is the result of system relationship design / implementation

Users and Managers of a system are capable of co-creating these
relationships

+ Connects / associates system relationships called FRs 7 Functional
Requirements (thatdefineil nt enti ono of the s
needs in a solution-neutral way) with the PSs 7 Physical Solutions
(the hypothesized tool, method, technology or physical thing) that are
believed to achieve each FR

+ Implements Standard Work and Kaizen of the Hypothesized PSs
+ System evolution requires conscious, organizational learning
+ Dialogue without design and implementation is like faith without work

+ + + +
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What Does Collective System Design Apply To?

U The Design of any new Value Stream
U The Re-design of any Value Stream

U Each Phase of the Product Life Cycle (since each
phase is a Value Stream)

0 The Acquisition Process in General
U To New Product Development
U To Manufacturing System Design

U To Diagnhose existing system designs:
+To understand the fAunspokeno FR
+ To understand the FRs that proposed PSs attempt to achieve

+ To understand the type of system design and the degree of
Acouplingo that existing system
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What has CSD been Applied to So Far?

U The Design and Implementation of Manufacturing Systems
(Production and Deployment) in the following industries

+ Aerospace
+ Aeronautics

+ Automotive Components _ Electronics, Chassis, Climate Control,
Plastics and Glass

+ Maritime

+ Small to Medium Size Manufacturers: Controls and Instruments,
Metal Cutting

+ Commercial Electronics and Computer Assembly
U Support of EMD Phase of Acquisition Process
+ Aeronautics
+ Aerospace
+ Maritime
U Support of Product SpecificationT MSA /TD
+ Maritime
+ Aeronautics
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CSD Diagnosis - The Unit Cost Equation Adversely

Af fect s é Enterprise Systen
Unit Cost Equation Applies to a Unspoken Imputed
Single Operation Cost Eq. Req. Solution
FR. PS,

Make more parts Faster

(increasen) < machine
(Op))

Eliminate DL «—— Automation

Reduce DL <«—— Move to low

Minimize the unit cost of this operation wages wage countries

SDL(Op,) +SMTL + $OVHD(Op)

Unit Cost (Op;) =
n

é wh e*O¥HD(Op) =

n = number of parts produced per hour (rate)
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Single-Point Lesson 17 Unit Cost Equation

U Enterprise wide application of the Unit Cost Equation and Single-
Operation-Focused Management Accounting incorrectly assumes that
total system cost can be reduced,

+ by reducing the unit cost of each operation (treatingeac h oper at
unit cost as independent / mutually exclusive from every other
operationo6és unit cost) and

+ then summing up the result.

U Unit Cost Mgmt Acctg thinking has led to the demise of U.S. Automotive
Industry and the U.S. Manufacturing base --- DoD historically uses this
thinking to make investmentd e c i si ons a nprmé contrécerv a
esti mates and actual procurement ¢

+ System Design, LLC and Brian Maskell Associates, Inc. have initiated a
collaborative effort to develop a System Design Accounting approach
that is both lean and DCAA Audit Compliant.

U Costis the result of the system design relationships and how effectively
PSs are chosen and standard work done to achieve system FRs.
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The Message
A Single-Operation-Focused Traditional Management
Accounting practices

A may cause Leaders to make short-term decisions that
have adverse long-term effects on organizational design
and operations capability

and
A may cause Leaders to make design decisions that

unfavorably impact near-term Production Operation costs
rather than Total Ownership Costs (TOC).
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Point Solutions

U Define the tool, technical solution, process, method or
procedure before understanding the customer needs.

U Resulti very good tools that solve the wrong problem
or worse still, solve a problem that does not exist.

System Solutions

U Are derived based on collective understanding and
agreement about the customer need(s) and how they
will be fulfilled.

U Requires separating customer needs / design intention
from the solution. The core design group must be in
agreement about the problem before defining any
technical solution.
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Lean Kaizen as a Point
Solution

Each Machine is an Island, that
produces product as fast as
possible to reduce the
management-accounted cost.
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Lean Systems Solution

The Machines in the Cell and the
Operator Work Loops are
designed to run at Takt Time.
Called Lean Production.
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Focus of improvement:

Meeting Customer Demandand

Reducing Time / Variation In

System
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About Collective System Design

U The objective of effective system design is to
ultimately standardize and seek perfection of the work
that is done by the people in that system.

U CSD recognizes however that the design intention of a
system is a characteristic is often unseen and not
articulated very well.

U To ensure lasting and sustainable change, system
design requires collectively shared and held beliefs
about that system. These beliefs set the tone of the
system.

U The tone effects the thinking and logic of the system.
Logical Design is expressed through the language of
the system design which identifies FRs and PSs.
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4 Integrated Layers of System Design

Seen/
Spoken

CSD

Standard

The Work / Actions

Structure /

Unseen /
Unspoken
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to define
ANor mal WOor
processeso

The Standard Work
/| ASystem of
Is the result of the
unseen thinking
and tone.
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CSD Benefits to DoD Stakeholders

Expresses / Communicates the Tone and Thinking
Establishes Clarity in System Purpose (FRS)
Relates Specific Standard Work Actions to Purpose (FRS)

Avoili ds nUnintended Consequen
Coupled Designs

5. Provides Systems (Value Stream) Solutions Instead of
Optimization of Point Solutions

A
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Two-Fold Benefit of CSD for Senior Leaders

1. Collaboratively design the system of work to
produce DoD products

2. Methodology to design the product itself

User Needs

I L
I Defense Acquisition
I Management System - 2008

Technology Opportunities & Resources

Program
Initiation

|
| A l0C FOC

Materiel
Development
Decision

¢\ Post PDR OPOSI-CDR
.\, Assessment Assessmeni

FRP
O Decision
Review

Materiel Technology Engineering and | Production & Operations
Solution | Development Manufacturing Deployment &
Analysis Development Support

8 Dec 2008

Focus of major changes
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CSD Thinking Layer: Understand War Fighter Needs

What? How!
Tone:\A
Understanding denti
Customer Needs is c entiy - ) ]
ustomers FRO PS&
Important to Our and 3 > >
Success Customer |,  Reouiroments |« | Somions
/ Needs
Functional Physical
Domain Domain

Functional Requirements = FRs
Physical Solutions = PSs
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CSD Thinking: A PS is Selected to Achieve an FR

u CSD Mapplng | Thinking Layer of Design FunCt_iona|
FR | Requirement
i - M | Performance
First | FR (—®Thll‘d | Measure
Physical
PS | solution
Second | PS (—@
FR1 FR2 FR3
M1 M2 M3

Legend: FR1 Functional Requirement L
M1 Performance Measure i _::__,___—_—_—_'_*f_ S SSUsrLl ’f_
PS T Physical Solution | =

— main dependency
...... .} secondary dependency PS1 PS2 PS3
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Industry CSD Map for Reducing Time In

System and Variation

Key Requirements
|

Cus t o nNdigh S Quality Delivery Cost
Vollce l l I 1_I_1
%ol | Xnlh | %, 0, |Gre| G | X
“pr Hp pr b Xo Uy | Upr Ut Xt
Uyc, Xuc| Urr X7 S
System _ gg In
Objectives Product Process |Problem Predictable| Delay |50 |\ g
Design Performancg Solving Output | Reduction© ment

A
3. Ship PerfecQuality On Time 1. Produce Rightvlix
5. With Rapid, StandardizeBiroblem Solving— 2. Produce RighQuantity
4. In Spite ofvariation

6. In a Safe, Clean, Bright, Ergonor&icvironmentwith Standardized Work—

p = process
TT = time in system or flow time

The CSD Map is the Basis for Defining KPPs &
Performance Measures of Sustainable Enterprise Systems
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Result of Using CSD to
Reduce Time in System and
System Variation

Target Cost \

Initial Probability
of Making a Profit

XTT time initial

TT

Initial

Probability of an
Operating Loss

/ Mean Time in System - XT7

Time in System after
CSD Re-Design

Target Cost

Probability of
Making a Profit
After Re-Design
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XTT time after system Re-Design

U, Variation in Mean System Time

Minimize

Probability of an
Operating Loss
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CSD Evaluation

A CSD uses a system-design evaluation form that is derived from the
CSD Map. When an FR is achieved effectively, the greener it gets on
the radar (see slides 22 and 23).

A A sample evaluation form is on the next page.

A Slide 24 indicates that the Plant L (slide 22) that achieves the most
FRs has superior performance to Plant M (slide 23) which achieves
FRs less effectively.

A In addition to a radar-type chart, the CSD Map may be used to
evaluate the COST associated with NOT achieving each FR as
shown in Slide 25. The CSD map shows HOW FR/PS pairs affect
cost & that cost is dependent on managing system relationships
NOT efforts to ndrive out costs us

A Slide 25 shows a facility that did not achieve just 5 FRs of the CSD
map effectively caused 25% excess cost per unit. This study was
used to cost-justify investment for the company. The CSD
Investment rule states that investment in a PS needed to achieve an
FR should be less than (<) the cost of NOT achieving the FR.
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Evaluation Form

sfrongly sfrongly  does not
QI! estfon disaprae aree appip
1 2 3 4 3 g Comment

(3112 Ensure that operator consistently performs tasks correctly - Standard work methods

Operators are involved in creating the work methods. |— |'P=i_ |— |— |_ |_

\Work, methods hawve been defined for each operation and
conkain infarmation about required quality standards. |_ |_ |:x:_ |_ |_ |_

& written or electronic copy of operator's standardized work: iz
available at each station. |_ |K_ |_ |_ |_ |_

Vanation in quality 1z reduced either by adjusting the wark,
method ar through operator training. |_ |_ |>€:_ |_ |_ |_

‘W enforce that every operatar performs the tazks according -
tor the waork, method. |_ |K_ |_ |_ |_ |_ .
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Plant L T CSD Evaluation
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Plant M - CSD Evaluation

0
i

LI LT T EE | LI
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Clualiby |dentifing and Predictable Output Delay Reduction Operational Costs [Fvestmet
Reszolving Problemns
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Overall Comparison between Plants L and M

. Performance Satisfied Leaf FRs

Operational Measure
Plant L | Plant M| Plant L Plant M

Overall Floor Area 1 0.88 2 0of 2 Qof 2
Overall WIP 1 6.52 8 of 9 0of9
Total Throughput Time 1 4.03 11 of 12 1ofl12
Total Direct Workers 1 1.13 6 of 6 O of 6
Total Indirect Workers 1 1.17 15 of 15 3 of 15
Good Parts/LabeHour 1 0.85 35 of 36 3 of 36 |
Capital Investment 1 1.57 -- —-

The System that Achieves the Most FRs has the best
performance, regardless of the product that is produced.
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CSD Benefit to a Government Prime Contractor

A Limited resources typically cause FRs to be taken off the table
because they are fAnUnseen [/ Unspoker

A CSD mapping enables assessment of the consequences that
would result if enterprise FRs are eliminated.

% A 25% of the direct labor build hours
5 E were waste as a result of not
achieving these 6 FRs on the program

A System Design Certification teaches
leaders how to achieve life cycle cost
and quality targets

nnnnn

:“ mn-

FR ID FR Description Direct Indirect Total
Labor Labor Labor
Hrs Hrs Hrs

Product Design Process 1,516 8,781 10,297
Q1 Mfg Products To Spec 6,384 5,971 12,355

\ B

B = 8
= b A e
gg Hgaaﬂ ﬁ E al =R

P11 Production info Available 3,316 NA 3,316
P12 Tool Availability 1,471 3,866 5,337
P132 Worker Availability 630 NA 630
P15 Part Availability 5,145 6.409 11,554
TOTAL 18,462 25,027 43,489
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Uncoupled and Path Dependent Designs are

Stable and Predictable

FR2 PS2

Predictable
. FR1 PS1 —0 TheIO syrtntt)pl me;an;;hle
% FR2 «—— PS2 —0 (Physical Solution 1).
A
O i . . .
= Predictable This design requires PS2 to be
9 Path FR1 S PS1 9 implemented first. If PS1is
= Dependent | FR2 PS3 R implemented first, it must be re-
implemented.
Not Predictable This design requires PS1 and
" FR1 PS] PS2 to be implemented over and
= Coupled FR2 PSS @ over again, as the work of each
% | PS undoes the work of the other.
>
N
) Does not meet FROSs
= FR1 PS1 Too few PSs to achieve the FRs.
% Incomplete >0
= FR2
O
£
Unnecessary Resources
FR1 PS1 Too many PSs to achieve an FR.
Redundant
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CostCanNOT be nControll e

U Time is the Shadow of Motion
U Costis the Shadow of Time

0 We can only reduce the causes of Excess
Cost ---

Inadequate System Boundary / Scope

Wrong FRs

Inadequate PSs

A PS Looking for an FR

Coupled Systems

+
+
+
+
+
+ Coupled Product Designs
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Coupled Enterprise Case

R2: Ensure successf
2GRLYV integration
A Coupled
S2: 2GRLV performanc . .
integration program E nte rp rl Se |S a

structure that works
R1: Ensure weight R2: Ensure thrugtelated

at Cross purposes
SI 2GRLY weig In achieving the

business mission.
*coupled
R: Ensure proper 2GR R: Ensure proper 2GR
S: 2GRLV weight S: 2GRLV CG
management progra management progra

R1: Determine actual R2: Determine actual R3: Balance Resultan
2GRLV mass 2GRLV CG CG

**coupled
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Coupled Enterprise Systems Create Costly Un-
Necessary Product Re-Design lterations

Product Design Case
% Physically Iterations due to
Completed coupled designs

I AR

1000} S

Traditional
Approach $$$

design
H—A_Y_} Adapted from Suh, 2002I_. )
2. V4 Physical 80% People & 20% Ime 3. Fix
Solution ' Bu?lld Logical  Physical _
(PS) 2. Test 1. Build
1. tion
Intention COmp|_T_. me
(FR) over !
System Solution Sets Point Solution
- Uncoupled System Design - Traditional Coupled Designs

Coupled and Incomplete Designs Increase Requirements Creep and Cost,
Decrease Available T&E Time and Increase Defect Potential.
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In CSD, Acquisition Policies are PSs

http://www.acq.osd.mil/sse/docs/acq-security-policy-tool/acq-security-policy-tool-chart.pdf

DoDI 5000.02 compliance I s a manda
How FR/PS pairs are coupled via nT
ISsue is a major opportunity for the application of CSD.
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