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OUTLINE:

S OTHE PRESENTATION:
oTHE PURPOSE : What will I be talking about
oTHE PREMISE :”Why Model Based Systems Engineering”
oTHE PRIZE : “What’s the payback”
o THE LEAN : “ The effect of LEAN on System Modeling”
oTHE PICTURE :” How does it look inside Whirlpool” Gallery of Examplesp y p
oTHE PROPOSAL: “Where do we go from here”
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OSTHE PURPOSE
oExplain the “Consumer/ Commercial Application Evolution” and It’s drivers 

towards System Model Based Design.
oRecommend “Frontiers” of Model Based System Engineering…
oExpose some of the challenges and opportunities we have encountered.
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STHE PREMISE
oThe Vision of the  Commercial/ Consumer /Home is Changing:

FROM TO

• Discrete Transitions
• A Static Products

Sl l Ch i Lif t l

• A Flow
• An Dynamic Environment

Ad ti E tit

FROM TO

oThe Vision of Systems is Changing:

• Slowly Changing Lifestyle • Adapting Entity

oThe Vision of Systems is Changing:

• Heuristic Functions • Causal Functions

FROM TO

Heuristic Functions
• Document  Centric 
• Dynamics by Inference
• Static Interfaces

Causal Functions
• Model Centric
• Fully Dynamic
• Extensible Interfaces
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THE PREMISE 1THE PREMISE 1 + …
Convergence of an Opportunity Space + Solution Space + Business Efficiency

“THE EVOLVING CONCEPT OF CONSUMER / 

• Discrete Transitions
• Static Products
• Slowly Changing 
Lifestyle

• A Flow
• A Dynamic 
Environment
• Adapting Entity

FROM TOHOME”

“THE EVOLVING CONCEPT OF SYSTEMS” 
• Heuristic Functions • Causal Functions

Model Centric

FROM TO

SYSTEMS BASED 
SOLUTION SETS

• Document  Centric 
• Dynamics by 
Inference
• Static Interfaces

• Model Centric
• Fully Dynamic
• Extensible 
Interfaces

“THE INNOVATION
SPACE”

LEAN “EVOLVING CONCEPT OF BUSINESS EFFICIENCY”

• Yearly Plans
• Yearly Productivity 

Targets

• Continuous Efficiency 
Improvement

• Adaptive Capability

FROM TO

EVOLVING CONCEPT OF BUSINESS EFFICIENCY  
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Targets
• Knowledge per Person 

per Event

Adaptive Capability
• Dynamic Knowledge 

Capability



( O )THE PRIZE  (Payback Opportunity and Drivers…)
o1.5 Billion Homes
o15 Million New Homes per Year
o 200 M Homes under renovation per Year
oPeople, Governments, Environments are redefining the Home/Consumer  

Space…
oAdjacent Spaces to home redefined : new trade offs and opportunities.
oLarge Energy, Environmental, and Performance  Benefits …
o High Production Rates with High Product Diversity …g g y

oThe rate of change of our markets increased 2-3x in 10 years
o Business efficiency demands increased 2-3x in 10 yearso Business efficiency demands increased 2-3x in 10 years

oThe only efficient way to deal with all of these factors has been system 
modeling.g
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THE PRIZE: WHIRLPOOL PRODUCTIVITY THROUGH MBSE
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LEAN PRODUCT SYSTEM DEVELOPMENT TIMELINE
“THE PROLIFERATION OF INITIATIVES, THE COMING OF LEAN …”

Concurrent Engineering Lean IDominant Std  Designs 

Value Engineering

DFMA

Target Costing

DFSS

Lean II

OEM SYSTEMS ENG COMPONENT IMPROVEMENT MBSE

DFMA

Q1Dominant Extensible Designs 

Standard Designs Standard Variant Designs Adaptive Variant Designs Highly Adaptive Designs

“Model Based Systems Engineering”

1950 1960 1970 1980 1990 2000 2010 2020
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LEAN PRODUCT DEVELOPMENT EVOLUTION
ATTRIBUTES /STRUCTURE

A2A1 A3 A4 A5

F1

F2

N
C

TI
O

N
S

F3

F4

FU
N

“Parameterized Attributes”
F4

A2A1 A3 A4 A5

PRODUCT SYSTEM ATTRIBUTE AND 
FUNCTIONAL MODEL

“Model Based Systems Engineering”“Parameterized Functions”
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LEAN PRODUCT DEVELOPMENT EVOLUTION

VEHICLE SYSTEM ATTRIBUTE 

A2A1 A3 A4 A5

ANALYSIS MODEL

F1 F2 F3 F4
“Model Based Systems Engineering”

ARCHITECTURE PRODUCT

PRODUCT SYSTEM ATTRIBUTE 
FUNCTIONAL MODEL“MODEL” “MODEL”

REQUIREMENTS

FUNCTIONAL DESIGN

SYSTEM V&V

SYSTEM

DETAILED DESIGN SUB-SYSTEM

EVOLUTION OF A
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LEAN=KNOWLEDGE=MODEL BASED

Data Information
(Interpreted Data) Knowledge=

Models
Solution Application

GAPS GAPSGAPS

MODEL BASED -
INNOVATIONS =CAUSE , 

VALUE T RADES
Model is Applied

GAPS GAPS

Observations
Resolution
Accuracy

Rate

Trends
Patterns
Structure

CAUSE and EFFECT
DYNAMICS

LIMITS
DIMENSIONS

DOMAINS

Design Option A
Design Option B
Design Option C

Design Option Xn

VALUE,T RADES

Focus TRADE SPACE
Design Option Xn

Multiple options evaluated Design Selected
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LEAN = 5 WHY’S= CAUSALITY= SYSTEM MODELS
{EXAMPLES}

Attributes

Consumer Noise Value Index

Consumer Energy Value Index

Aesthetic Perception Index

Characteristics

Modal Response Curve

Process Performance Trade Curve

Paint and Trim Gloss Trade Curve

Actuation
Process

Functions

Sub-Functions

Process
User Interface

Acoustical / Vibration System
Fluid Process System
Structural System

Mechanisms

Modal Mechanics
Chemical Process Mechanics
Surface Coating Mechanics

Phenomenon

Crystalline Science

Enzymatic Catalysis

Atomic Surface Science

Atomic Surface Science –
Chemical thermodynamics, 
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LEVELS OF MODELING FOR PRODUCT DEVELOPMENT

Model Type Knowledge
Classification

Translation 
(Example) Predictability Transport

-ability Stewardship Continuous
Improvement 

Individual Experts Models in 
Individual Minds. 
Understanding 

An expert in 
VA Wash 
Performance 

Varies Greatly Dependent on 
Retention of Key 
experts

Independent 
Experts Personal 
Dynamicsel

s

based on single 
use cases.

Expert Led Group
Events

Event by Event 
interpreted 
solution case 
understanding

Community of 
Expert 
practice in VA 
wash 
performance

Varies Greatly Dependent on 
Retention of Key 
experts

Independent 
Experts & 
Community 
Dynamics

Sporadic Crisis 
Driven Update 
CyclesG

re

M
en

ta
l M

od
e

performance

Distributed Expert 
Design Guides and 
Rule Sets ( i.e., 
Subsystem Design 
Specification)

Historical Design 
Case Generalized  
rule 
Understanding

Community of 
Expert 
Practice + 
Design 
Guides ; Req.
Specs

Improving over
long cycles

Dependent on 
Retention of Key 
experts

Distributed 
Experts Group

Long Document 
Update Driven 
Cycles

eater System
 D

ev p

Boundary Response 
Mathematics—
Empirical Data 
Generated

Black Box 
Response Fit 
Understanding

Community of 
Practice + 
Design 
Guide+ OPEX
black box 
model

Medium length 
cycles of 
improvement

Dependent on 
Maintenance of 
Model Base

Distributed 
Experts Group 
and Knowledge
Base

Dependent on lab 
test and 
interpretation 
cycles

velopm
ent  C

apa al
 M

od
el

s

Dynamic Functional 
Mathematics

Functional 
Boundary
Understanding

Community of 
practice that 
drives 
knowledge by 
causal models

Constantly
Improving over 
more rapid cycles

Dependent on 
Maintenance of 
Model Base

Constantly 
Developing Expert 
Knowledge Base

Continuous 
update cycles 
shorten as models 
improve.

Dynamic Deep Physical Community of Constantly Dependent on Constantly Continuous 

ability

ca
l  

an
d 

Vi
rt

ua

GIT 2011 MBSE Frontiers ‐Whirlpool  13Design Quality  13Design Quality  13

Mechanistic 
Mathematics

Understanding practice that 
drives 
knowledge by 
deep models

Improving over
shortest cycles

Maintenance of 
Model Base

Developing Expert 
Knowledge Base

update cycles 
shorten as models 
improvePh

ys
ic
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EXAMPLES OF PHYSICAL AND VIRTUAL MODELS

Generic Transfer Functions

• Functional Definition of y=f(x)
1 Is Comprised of all Functional Relationships

<~Y’s, σy’s~~Y’s, σy’s~>

~Y
’s, σ

y ’s~>

<~X
’s, σ

x ’s~

1. Component Deflections
2. Component Stresses
3. Component Wear
4. Water Level
5. RMC

1. Virtual DOE’s
2. Experimental DOE’s

VIRTUAL MODEL PHYSICAL MODEL

Tolerance / 
Variational 
Analysis

Other Performance Models

DOE Predictor 
Equations

1. Is Comprised of all Functional Relationships 
that define the state of the system. 
(Tolerance Stacks, Spatial/Geometric, 
Energy, Heat & Mass Transfer, Cost, etc …)

2. Calculates Variation of Y’s as a Function of 
the Variation of the X’s

3. Defines LSL, & USL for each Y 
4. Calculates Robustness of Each Y w.r.t. LSL, 

& USL

~X’s, σx’s~><~X’s, σx’s~

<~
X

’s
, σ

x’
s~

~Y
’s

, σ
y’

s~
>

1. Hand Stacks
2. Enventive 

Stacks
3. SEP Stacks
4. CETOL Stacks

1. Cost
2. Motor Torque
3. Water Consumption
4. Unbalance Thresholds
5. Capacity
6. MEF
7. Load Characterization

H
ea

t
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CTHE PICTURE :WHERE IS HOME/COMMERCIAL “MBSE” TODAY at 
WHIRLPOOL ….

oSystems Models Consumer / Commercial Environment 
• We have adopted MBSE “as part of ” Transformational change
• Working to add dimensions and domains

oSystems Methods and Initiatives (Lean + Others) 
• Attempting to Coordinate using MBSE  …
• Need to Learn form Other Applications/Industriespp

oThe commercial and home/consumer  environment under-studied compared 
to other systems …y

• Opportunity to expand MBSE into/ Applied Science focused on commercial 
applications / home / global high volume production
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THE PICTURE CONTINUEDTHE PICTURE CONTINUED

NARRATIVE GALLERY OF 
WHIRLPOOL EXAMPLES
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MODEL MAPS AT WHIRLPOOL

SIMULINK MASTER BLOCK MODEL

Block Sub-system model xBlock Sub-system model x

DYMOLA MODELICA MASTER BLOCK MODEL

Block Sub-system model xBlock Sub-system model x

SIMULINK MASTER BLOCK MODEL

Block Sub-system model x Block Sub-system model x

DYMOLA-MODELICA MASTER BLOCK MODEL

Block Sub-system model x Block Sub-system model x

Specific Domain 
Simulations

Specific Domain 
Simulations

Specific Domain 
Simulations

Specific Domain 
Simulations

PROBABILISTIC MATRIX OPTIMIZER

Block Sub-system model xBlock Sub-system model x

Block Sub-system model x Block Sub-system model x

Specific Domain 
Simulations
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Understanding the System & Process : System Model Test Beds

WASHING

COOLING

Chemistry

Chemistry

Control
M

Cam

GB

Gap Gap

Gap

Gap
Gap

Linkage

Fresh water retention - alt. 1
Dennis Kehl, 4 December 2007, 

30 January 2008

Dispenser

Sensing - S

Display/
Interface

Interface
VSD

User

Chemistry

3

Input

Output

Voltage

H
ea

t

3 Door
lock

SYSTEM DYNAMICS

Door

Basket

3

M

Fabric

Heat

ffl

ffl

E

Voltage
Current

N    S

P1

P2

P3

Door
seal

Pressure switch

Tub

DRYING

Suspension

Fill Cold
Drain

M

SUMP

Fill Hot

Soil

M
Flow

Pressure
Heat

Front
Interlock

User
Access

Rear
Interlock

GIT 2011 MBSE Frontiers ‐Whirlpool

Force
Displacement
Sound Power

Door
trap siphon
interlocks
door lock
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Understanding the System & Process ‐ Virtual Multi‐Physical Wash Model

Virtual Multi‐Physical wash model
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C t l i t t h

Understanding the System & Process ‐ Control engine – state graph

Control engine – state graph
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Understanding the System & Process Cycle Outputs – Ultra‐Low Resource Cycle

0 500 1000 1500 2000 2500 3000 3500
0

500

1000

 

Speed-Optical Sensor

1000

0 500 1000 1500 2000 2500 3000 3500
-500

0

500

1000

 

Speed-CCU

1500

0 500 1000 1500 2000 2500 3000 3500
0

500

1000

1500

 

Motor Energy

200  

0 500 1000 1500 2000 2500 3000 3500
-100

0

100

 

APS

100  
Flow Rate

Time
0 500 1000 1500 2000 2500 3000 3500

-50

0

50

 

Flow Rate
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Wash Rinse 1 Rinse 2
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Understanding the System & Process – PERFORMANCE MODEL

Process /Control Mod le Th d i M d lProcess /Control Module Thermodynamic Module

Electronic Module

Drum/Drives Module

Fluids Module
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Understanding the System & Process – Flow System Sub‐Model 

NAR-Zephyr Matador2B Bosch-WOD heater

Vave = 1.56  m/s Vave = 3.84 m/s Vave = 2.40 m/s Arches Hoop #2

inlet

NAR-Zephyr inlet

Tave = 106.9 °C Tave = 111.3 °C
Tave = 121.2 °C Matador2B

GE

outlet

inlet
inlet

outlet

outlet
outlet

from cfdfrom cfd
Flow system 

d l ith

from cfd

from 
correlations

from cfd

from 
correlations

model with 
input from 

CFD, 
experiment &

GIT 2011 MBSE Frontiers ‐Whirlpool

from 
experiments
from 
experiments

experiment, & 
literature
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PRODUCT LEVEL MULTI-DIMENSION MODELS ARE HAPPENING …

…..”BUT THEY NEED EXTENSION AS COMPLEXITY INCREASES” …

S
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S
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rp
-E
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TubeMid

TubeTop
Hydraulic System

Last1
Last21

Feedtubetop

Annular

RJT

TubeTop1

Nozzle flows

Wash system concepts
S
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-E
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e

S
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e

S
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dg
e

S
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dg
e

S
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S
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dg
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Sides

SideRes

Feedtubebot

TubeBot

Level1

Ell1

Dish

DIshRes

Air

AirRes

Annular

RJB

Sump interactions
Le

ve
l1

PUMP1

Pump

Sump

Filt

H

H1
ExWall

Tub
Water

DishRYt
ExWall1

ExWall2

ExWall3
ExWall4

ExWall5

Thermal System

Optimizing pump/plumbing

Function
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DishPump capacity analysis
Function

Mechanism
Phenomenon



DYNAMIC HYBRID PROCESS MODEL STOCHASTIC BLOCKS

Characteristic
s

Attributes

Functions

Sub-Functions

Mechanisms

Phenomenon

sy?
g

SoilS?
le?
1*?

0.1
realEx?

gain Fill l f li AC l

Soil?
l?
0

pi
pe

Dry?

0.02
Hydrati?

<
sw i?val?

<
k=?

gain

sum1fee?1Pres?

RemainingSoil
Flow RateGenerated S

+

DpDisp

DpK
OpVar

DpFlo

Ideal

DpTrav

DpC Pop_spr
R1

Pop_mas

PPOS1 SW1

CTRL := Ctr1

Fill valve for appliance - AC suppl

0.999*S?
HydrationRef

SoilSour?
VolumeDecay

-
fee?

sum1

-500TimeC? expprod
-

fee?1Pres?

Soil?

SoilOnDi?
VolumeDecay1

-
fee?Soil?SoilTotal

pr?

k=?

g?

DpBd

Top

GAIN

AOut

OpCst

Inlet

ForcSum

GAIN

ATop

F
DpF

Solenoid

Id
ea

l

Solenoid

E1

PopTrvPopDmp

RHYD1

Solenoid and poppet v alve

P1

StVar ForcUp

GAIN

AInDischarge

DwnStr

T1

PULSE1.VAL<=0

Open

Ctr1:=0

Closed

Ctr1:=1
T2

PULSE1.VAL>=0

PULSE1
AMPL := 1 

Downstream resistance

ControlDiaphram v alv e
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Soil release changes water flow 
caused by filter loading

P1

Assure diaphram area gains generate posit iv e and
negativ e f orces
Modif y  damper to ref lect actual v olume change
abov e diaphram

Pressure supply



FUNCTIONALIZED DYNAMIC MASTER MODEL SIMULINK

27 April 2011  Rev 3  26GIT 2011 MBSE Frontiers ‐Whirlpool



System & Process ‐ Master Top Down Boundary Models

Generic Transfer Functions

~<

1. Component Deflections
2. Component Stresses
3. Component Wear
4. Water Level
5. RMC

• Functional Definition of y=f(x) Y’ ’Y’ ’

~Y
’s, σ

y ’s~>

<~X’s, σ
x ’s~

1. Virtual DOE’s
2. Experimental DOE’s

Tolerance / 
Variational 
Analysis

DOE Predictor 
Equations

• Functional Definition of y=f(x)
1. Is Comprised of all Functional Relationships 

that define the state of the system. 
(Tolerance Stacks, Spatial/Geometric, 
Energy, Heat & Mass Transfer, Cost, etc …)

2. Calculates Variation of Y’s as a Function of 
the Variation of the X’s

~X’s σ ’s~>

<~Y’s, σy’s~

<~X’s σ ’s~

~Y’s, σy’s~>

a ys s
3. Defines LSL, & USL for each Y 
4. Calculates Robustness of Each Y w.r.t. LSL, 

& USL

~X s, σx s~><~X s, σx s~
σ x

’s
~

σ y
’s

~> 1. Hand Stacks
2 E ti

Other Performance Models

<~
X’

s,
 

~Y
’s

, σ 2. Enventive 
Stacks

3. SEP Stacks
4. CETOL Stacks

1. Cost
2. Motor Torque
3. Water Consumption
4. Unbalance Thresholds
5 Capacity

GIT 2011 MBSE Frontiers ‐Whirlpool

5. Capacity
6. MEF
7. Load Characterization
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Stochastic Optimizer Master Models (Limited Functional Domains)
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ATTRIBUTE-FUNCTION STOCHASTIC BOUNDARY MODEL

Amount of laundry 
per load

To get washer 
loading 

characteristicsType of laundry 
washed

Coupled with fabric 
extraction data

And 
unbalance 

managementmanagement

Measured 
unbalanceunbalance 
properties



The Era of Home System Modeling: Models are Not yet well integrated…
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Models for Whirlpool are Changing : Whirlpool Smart Grid Example…
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NOTIONAL EXAMPLES OF POSSIBLE MBSE “FRONTIERS”

Attributes

SOLUTIONS LIBRARY MULTIDIMENSIONAL DYNAMIC TRADE-SPACE

Characteristics

Functions

Sub-Functions

SOLUTIONS LIBRARY 
WEAR/FAILURE MECHANICS

Mechanisms

Phenomenon
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MODEL MAPS AT WHIRLPOOL; A “POSSIBLE” FUTURE

Block Sub-system model xBlock Sub-system model x

DYMOLA-MODELICA MASTER BLOCK MODEL

Block Sub-system model x Block Sub-system model x

Specific Domain Specific Domain

MASTER MODEL

Specific Domain 
Simulations

Specific Domain 
Simulations

Block Sub-system model xBlock Sub-system model x

PROBABILISTIC MATRIX OPTIMIZER

Block Sub-system model x Block Sub-system model x

Specific Domain 
Simulations
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SO WHAT AM I PROPOSING…..

O OS “ O S O STHE PROPOSAL: “FRONTIERS” FOR MBSE
o MULTI-DIMENSIONAL /MULTI-DOMAIN MODELING (CONTINUE)

o MODEL BASED ARCHITECTURES (EXTEND)o MODEL BASED ARCHITECTURES (EXTEND)

o OPEN STANDARDS FOR MODELS AND ARCHITECTURES (PERSEVERE)
• SysML ,Architectural Frameworks, Modelica …etc. “consolidation”SysML ,Architectural Frameworks, Modelica …etc. consolidation

o FUNDAMENTAL RESEARCH AND APPLIED ENGINEERING SCIENCE:
• System Model Tools and Methods for Applied Research
• System Model Tools and Methods System Architecture Exploration
• System Model Tools and Methods for Innovation (Invention)

(EXPLORE)

o MODELING AS A INTEGRATOR OF KNOWLEDGE
• Link System Development Initiatives (Lean, etc) to MBSE
• Link to System Science Initiatives (EXPLORE)Link to System Science Initiatives (EXPLORE)
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MANY THANKS TO THE AUDIENCE & MBSE 
FRONTIERS… 

………………ANY QUESTIONS ???
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BACKUP SLIDES FOR REFERENCEBACKUP SLIDES FOR REFERENCE 
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Multi Dimensional Models are Changing Science and Engineering
Opportunity for Improvement……

Environmental

Societal

Economic

Additional
Model
LayersEconomic

User - Behavioral

Layers……

Modeling
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Depth……



MASTER MODEL LAYERS … DIMENSIONS WE MUST HAVE … 

E l P T l

Systems Functional / Process Hierarchy Example

Master System Function

Example Process Topology
Example Functions
• Control
• Actuation
• Process
• User Interface
• Communication

Process 
Controller Actuator Process Process TargetProduct 

Controller
Actuator

Observer / Estimator

Operator

Functions 
Example Functions
• Wash Function 
• Dry Function
• Spin/Drain Functions

• Module System Design Observer / Estimator

Need for Garment
Soil Condition
Wrinkle Condition
Fragrance Condition

Sort Load

Garment Type
Soil Type
Fabric Type
Color Type

Pre-Treat

Select Garment
Select Areas
Select Treatment
Apply Treatment

Load Garments

Open Door/Lid
Inspect Basket
Load Unit
Position Garments Option
Close Door/ Lid

Load Chemistry

Open Dispenser
Inspect Chambers
Select Chemistry
Fill Chambers
Close Dispenser/Lid

Start Unit

Choose Garment Load

Determine if Delay
Cycle Selection
Temperature Select
Start Unit
Wait Optional

Water Fill

Fill Time
Sump Water Pressure
Flow Volume
Inlet Temperature
Sump Temperature

Wash

Wash Time
(Soak Time)
Sump Water Pressure
Flow Volume
Inlet Temperature
Sump Temperature
Basket Speed (Direction) & 
Time (Power)

Drain & Spin

Drain / Spin Time
Sump Temperature
Dynamic Load Condition
Motor Speed Direction & 
Time (Power)

Soil Removed implied by 
Cycle type, time, temp 

selected

H
euristic

Sub-Functions

Example Mechanisms
• Multi-Phase Mass Transport

• Spin/Drain Functions
• Motion Functions
• Energy Conversion Functions
• Module Set Design

Time (Power)

Water Fill

Fill Time
Sump Water Pressure
Flow Volume
Inlet Temperature
Sump Temperature

Rinse

Rinse Time
Soak Time 
(Sump Water Pressure)
Flow Volume
Inlet Temperature
Sump Temperature
Basket Speed Direction 
& Time (Power)

Drain & Spin

Drain / Spin Time
Sump Temperature
Dynamic Load Condition
Motor Speed Direction & 
Time (Power)

Final Clean State of Load 
Implied by Cycle type, time, 

Temp selected

N Repeat=1 or 2

Storage

Function

Mechanisms

p
• Crystalline- Amorphous Mechanics
• Creep
• Fluid Surface Contacting 
• Fiber Fabric Mechanics
• Modal Mechanics
• Process Chemistry

Transport ConversionInput Output

Storage 

Transport 

Unit Cell 
Interactions

nal

C
a

Phenomenon

Example Phenomenon
• Enzymatic Catalysis
• Hydrolyzation
• Micelle Formation
• Inter Surface Atomic Bonding
• Molecular Kinetics

ausal
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Molecular Kinetics 
• Molecular Mechanics
• Electro Dynamics



Multi Dimensional Models are Changing all of Science and Engineering (as well)

…..BUT SOME LAYERS ARE  UNDERDEVELOPED…
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System Models Improvement across Dimensions & Domains

Master System Model
Design Model 1

Design Model 2

Design Model 3

Design Model n

Value Model Functional Model Manufacturing ModelQuality Model

Integration Model

Operational Model

QFDDFV

Value Function Analysis

Process Model DFMA Model

Bill of Process

Process Model Presentation Model

Performance Model

Reliability Model
Target Costing

Value Function Analysis Bill of ProcessPerformance Model

Durability Model

DOMAINS

Sub-functions

Mechanisms

D
IM

EN
SIO

N
S
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Phenomenon

S



System Model Levels of Predictivity

Empirical-Functional Product Use Case

Heuristic Functional Use Case
Broader 

Predictivity

Mechanistic Analytic

Predictivity
Narrower

Predictivity

Phenomenological Analytic
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