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ABSTRACT 
In the context of new product development, highly constraint multi-disciplinary systems are difficult 
to design and generally lead to a non optimal but acceptable solution (Seepersad et al., 2008). The 
design of such product implies to collaborate soon in the choice of concepts. Our industrial analysis 
shows that concept choice is leading to collaborative problems when a design department implies a 
stronger influence than others. This attitude to favor one design department decreases product 
performance interest. As concept evaluation is a key point in product designs, this design stage must 
take into account design department’s point-of-views. This article describe our approach, based on 
enrich representation of functional flow in DMM, for the mapping of collaboration contribution to 
functions. 
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1 INTRODUCTION 

In this article, we propose to semantically enrich conventional representation model of product 
complexity. We use a Domain Mapping Matrix (DMM) to link functions and product architecture. A 
first contribution is the enrichment of this representation. We enrich DMM representations with 
functional flow sequencing along the architectural modules; this ontological enrichment of design data 
makes it easier to envision and manage design challenges for multi-physics systems. This article goes 
further into Holley et al.’s (2010) publication. 

2 PROBLEM STATEMENT 

This research study is conducted in collaboration with Schlumberger, worldwide leader in petroleum 
services. The recent developments of onboard electronic cards are an example of this multi-physics 
problem. Electronic card has to be integrated in a box attached to a main mechanical component. The 
whole assembly is going in a tube (with a diameter limited by the drill). In order to develop this 
product the expertise of three design departments is needed (mechanical, electrical and packaging). 
Every department is optimizing their design to maximize functionalities;  for example the compactness 
evaluated through the number of electronic cards by product foot length. Eighteen months after the 
concept choice, the project failed due to incapability to manage the impacts of the capacitor size. 
Capacitor size is a key design parameter influencing the number of electronic cards by product foot 
length and so the function compactness. 

Current approach doesn’t include the identification of collaboration contribution to function 
achievement. The actual proposition does not permit to explore the limits of the complex problem. As 
key design parameters between design departments influence product functions, as it happens in our 
industrial example, the collaboration on capacitor size was over constraint and no dimensioning set 
can be found to meet expected performances. 

3 LITERATURE REVIEW 

The research literature is mainly addressing previous issues with the usage of Design Mapping Matrix 
(DMM). The aim of crossing functions and product architecture is to capture design rules. For instance 
Gorbea et al. (2008) propose a quite interesting method using MDM (mix of DSM and DMM) to map 
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dependencies in architectures. Rule extraction and generation in this approach is based upon 
components and functions analysis. The proposed MDM is composed of three matrices: a functions-
functions DSM, a components DSM and a Components-functions DMM. A set of these three matrices 
is generated for each architecture. Basic matrix operation, as sum and subtraction, are used to compare 
several matrices and therefore extract rules for each of them. Sum of MDMs enables the determination 
of which component is compatible with all architectures. Subtraction MDMs called “delta MDMs” is 
useful in comparing differences amongst two architectures. Danilovic et al. (2007) propose another 
approach called “Periodic Table”, mixing Design Structure Matrix and Domain Mapping Matrix, in 
which a DMM is used to map correlation between components and functions. This information 
available to characterize these data describes only the existence or not. 

The main lack of the literature is that concept analysis is not related to functional analysis. Gorbea et 
al. (2008) propose a simple analysis of functional path in which we cannot see/identify the degree of 
participation of a component to the overall product performances. Moreover, the evaluation of the 
design concepts is proposed embracing only one global performance. Therefore this does not permit 
the integration of different advantages or disadvantages in possible design solutions. Moreover, this 
literature review is not managing that architecture can have different structure, or that functional path 
can be achieved in different manners.  

4 OUR GLOBAL APPROACH: THE MPDS METHOD 

The goal of our global approach is to map design department point-of-views, architecture alternatives, 
functional needs and expected performances. With this process, our approach aims at helping 
designers to model their collaborations with other design departments and to assess their impacts on 
the final product. The proposed MPDS method (Multi-Physics Design Scorecards) matrix based 
method that is organized in the three steps describes in Figure 1. 

 
Figure 1. A1 SADT of the MPDS method 

The “fill matrices” step objective is to gather project data based on “functional analysis” and 
“concepts brainstorming” into three matrices: Functional Flow – Domain Mapping Matrix (FF-DMM), 
Physical Connection – Design Structure Matrix (PC-DSM), and Voice of Design Department (VoDD), 
which will be used to generate six design assessment cards based on connectivity maps. The 
capitalization of MPDS results in the Collaborative-FMEA has for objective to quickly highly 
collaborative design risk about the project. Therefore, the six design assessment cards extracted from 
connectivity maps are used as an input. 

This article will focus on the mapping the connections between components and functions; and the 
identification of collaboration contribution to functions through the use of DMM. The proposed 

116



function
matrix i
definitio

5 FF

FF-DMM
enriched
is define

  D
s

  F
a
c
(

  F
c
m

  M
M

  T
s

6 FF

This app
electroni
environm
our sub-p

Any tea
brainstor
function
modules
Figure 2

1. A
2. L
3. A

d
4. F

i

Function
in colum

nal flow aims
is called FF
on of the coll

F-DMM’S 

M is a cross
d by the integ
e as the follow

Design Depa
system. The 
Function def
and what it
characterized
(whatever th
Functional F
chains are s
module. 
Module desi
Module has 
Technical So
solution is as

F-DMM: A

proach has b
ic cards unde
mental const
project.  

am member 
rming. The 

nal flows. Th
s and technic
, is as follow

Add function
List technica
Assign a co
design (in Fi
Fill in the bo
in the body o

ns are expres
mns (“2”). Th

s at identify
-DMM (Fun
aboration ob

ONTOLOG

s functional 
gration of a f
wing: 

artment repr
design depar
fines both w
t must do 
d by a nam

he client need
Flow represe
sensitive to 

ignates a par
a name. 
olution repre
ssigned a nam

AN EXPER

been experim
er the scope 
rains: high p

can constru
main result
he principal

cal solutions.
ws (an exampl

n names to th
al solutions (
lor to design
igure 3, each
ody of the m
of the matrix

ssed in rows 
he data conta

y collaboratio
nctional Flo
bjectives thro

GY 

flow and ar
functional flo

resents the d
rtment is ide

what the prod
to stay in 
e and a util
ds or the func
ents function
the order of

rt of the sys

esents a pote
me. 

RIMENTAL

mented on a
of a project. 

pressure, hig

uct the FF-D
s of the fun
l results of 
. The data co
le, extracted fr

he matrix (“1
e.g., “I”, “Del
n departmen

h design depa
matrix (“3”) w
x are explaine

Figure 2

(“1” in Figu
ained in the m

ons between
w – DMM)

ough the mod

rchitecture m
ow. The data

department i
entified by its
duct must do 

working co
lity. The uti
ction needs t
al flows thro
f deploymen

stem that mu

ential solutio

L EXAMPL

an industria
The previou

gh temperatur

DMM matrix
nctional anal
the concept

ollection pro
from Holley et

1” in Figure 2
lta”, “Pivot”) 
nts, and use 
artment is ass
with the resu
ed after Figu

2. FF-DMM fo

ure 2); modul
matrix (“3”) 

n design dep
). Thus, our
del of functio

mapping mat
a employed i

in charge of
s name and t
to meet clie

ondition (se
lity correspo
to keep the sy
ough the arch
nt of functio

ust exist in o

on to the des

LE 

l application
us card devel
re under sho

x after the f
lysis are fun
ts brainstorm

ocess for the 
t al., 2010, is 

2). 
below their m
it to shade 

signed a colo
ults of the fun
ure 3). 

formalism 

les and their 
presents the 

artments to 
r research w
onal path in c

trix using a 
in the use of 

f the design
that of its eng
ent requireme
ervice functi
onds to the 
ystem in wor
hitecture of t
ons from on

order to perf

sign of a mo

n who aims 
lopments we
ock and vibra

functional an
nctions defin
ming are co

FF-DMM m
given in Figu

modules (e.g
in the name

or). 
nctional anal

 

technical so
correlation b

functions, th
wants to imp
concepts.  

DMM form
f the FF-DMM

n of a modu
gineers. 
ents (main fu
ions). Funct
goal of the 
rking conditi
the product. 
e module to

form a funct

odule. Each 

to develop 
re not able to
ations as req

nalysis and 
ned with na
oncepts defin
matrix, repre
ure 3): 

g., “chassis”) (
e of the mod

lysis (rules f

olutions are e
between the 

he obtain 
prove the 

mat that is 
M matrix 

ule of the 

functions) 
tions are 
function 

ion). 
Function 

o another 

tion. The 

technical 

onboard 
o achieve 
quired for 

concepts 
ames and 
ned with 

esented in 

(“2”). 
dule they 

for filling 

expressed 
potential 

117



contribu
function
designat
based fo

  E
  P
  F

u

As an ex
(Figure 3
“Genera
Figure 3
(“4”), w
in the ca
The cons
selected:
alternativ
numeral 
in anoth
integrate
Experim
within th
both cas
two row
propagat
row, thro
“Dissipa
aspects o
this func
can be p
evacuate
through 
into coll
Aside fr
aims to 
the clien

ution of the t
n. Functional 
tes the order 
ormalism use
Each row loc
Parallel rows
Function pro
using numbe

xample for P
3): 

ate power” is
3), where pow

where motor c
ase of the oth
straint functi
: pressure ca
ves are repr
“1” in the c

her row, with
ed” connecto

ments carried 
he PEC case 
es, shocks pr

ws of Figure 
te through th
ough wiring 
ate heat” is t
of both a par
ction starts fr
propagated i
ed or it can g
the substrate
ar (“5”) befo

rom capturin
validate the 

nt. For exam

technical sol
flows are d
of deploym

d to describe
cated in “1” 
s in “3” (see 
opagation th
er from 1 to n

Figure 3

Power Electr

s a function 
wer is regul
control is co

her concepts. 
ion “withstan
an be applied
resented in p
orresponding

h the numera
ors field is un
 out by eng
study. There
ropagate from
3) to electr

he chassis (“
(“2”) and co
the most com
rallel and an
rom electron
in parallel th
go into the c
e (“2”), box 
ore it is dissip
ng data from

capacity of 
mple, a conce

lution, whic
described by 
ment of the fu

e function flo
(see Figure 2
Figure 2) be

hrough the pr
n (an exampl

3. On board e

ronic Control

going from 
lated, to subs
onnected; the

 
nd pressure” 
d on the box
parallel row
g module, an
al “1” in bot
nmarked beca
ineers show
efore, the fun
m the collar 
ronics (“5”).
“2”), box (“3
onnectors (“3
mplex functi

n alternative 
nics (indicate
hrough the b
collar (“4”) b
(“3”), and ch
pated. 

m experts reg
different bra

ept composed

h represents
horizontally

unction throu
ow is as follo
2) represents
ehind a funct
roduct archit
le is given af

electronic card

ller Case Stu

electronics (
strate (“2”), 

ere are no oth

can have tw
x and on the 

ws: pressure 
nd pressure a
th the box a
ause they can
ed that shoc
nction “resist
(indicated in

. Based on 
3”), and subs
3”). 
ion to repres
function, dep
d in a merge
box (“2”) an
before it is d
hassis (“4”),

garding the d
ainstormed c
d of a “Pivo

s the architec
y filling in bo
ugh each of 
ows: 
s a function,
tion correspo
tecture, so c
fter Figure 3)

d case study F

udy, we pres

(indicted by 
then to conn

her possibili

wo alternative
connectors 

applied to t
applied to the
and connecto
nnot withstan
cks have two
t shock” has 
n a merged f
internal func
strate (“4”) o

sent with a 
pending on t
ed field by a 
nd the chass
dissipated. O
 where it can

different con
concepts to s
ot” type box 

cture, to the
oxes with a 
the technica

onds to funct
called functio
).  

FF-DMM 

sent an exam

a numeral “
nectors (“3”
ties to achie

e paths depen
or on the co

the collar is 
e box and co
ors modules 
nd/endure pr
o different p
two differen

field by a num
ction analys
or, as indicat

FF-DMM m
the concept s
numeral “1”
sis (“3”), wh

Or the functio
n either be e

ncepts, the F
satisfy the fu
and “2 non

e effectivene
number. The

al solutions. T

ion flow alte
on flow, is d

mple of four 

1” in the fir
”), and then t
eve this funct

nding on the 
ollar. Functio

noted with 
onnectors is i
(the “2 non-
ressure).  
propagation p
nt functional 
meral “1” in
is, shocks c
ted in anoth

matrix, becau
selected. In 
” in Figure 3)
here it can 
on can be pr
evacuated or 

FF-DMM ma
unctions requ
-hermetic in

ess of the 
e number 
The rule-

ernatives. 
described 

 

functions 

st row of 
to wiring 
tion even 

concepts 
onal flow 

a single 
indicated, 
-hermetic 

pathways 
flows. In 

n the final 
can either 
er matrix 

use it has 
any case, 
). Then it 
either be 

ropagated 
it can go 

atrix also 
uested by 

ntegrated” 

118



connecto
collar (th

Rows an
In order 
accordin
given de
original 

6 C

This pap
on ontol
Ontology
Mapping
ability to

REFER
Danilovi

de
Ma

Eigner, M
DS

Gorbea, 
arc

Holley, V
CO

Holley, 
pa

Lindema
Wyatt, D

ba
 
Contact: V
Ecole Cen
Laboratoi
Grandes V
92295 Ch
France 
 +33 1 45

ors cannot a
he second row

Figure 4.

nd columns c
for the FF-D

ng to the con
esign departm
FF-DMM w

CONCLUSI

per presents o
logy, proces
y and taxon
g Matrix. Ou
o represent fu

RENCES 
ic, M. and B

esign structu
Management. 

M. and Male
SMC. 
C., Spielma

chitectures u
V., Yannou, 
ONFERE. 
V., Yannou,

ath in Domain
ann, U., Mau
D., Wynn, D
ased approach

Vincent Holle
ntrale Paris 
ire de Génie I
Voies des Vig
hatenay-Malab

5 37 72 34, vin

achieve the f
w of the func

 Functional a

can easily be
DMM to rem
nvergence of 
ment, for mo

with more det

IONS 

our defined F
ss for their f
nomy represe
ur aim by intr
unction path 

Browning, T
ure matrices 

etz, M. (200

annleitner, T
using multipl

B., and Jank

, B., and Jan
n Mapping M

urer, M., and 
., and Clarks
h, DSMC. 

ey 

Industriel 
gnes 
bry  

ncent.holley@e

function “en
ction “endur

ability of initia

e added to th
main clear and
f the initial se
re precise an

tails. 

Functional F
filling by de
ent our princ
roducing Fun
through pro

T.R. (2007).
and domai

08). Potential

T., Lindeman
e domain ma

kovic, M. (20

nkovic, M. (
Matrix (DMM

Braun, T. (2
son, J. (2008

cp.fr 

ndure/withsta
re/withstand 

al set of concep

e FF-DMM 
d as simple a
et of concep
nalysis of its 

Flow – Doma
esign team m
cipal contrib
nctional Flow
duct architec

Managing 
in mapping 

ls of DSM, D

nn, U., and F
atrices, DSM
008). Robust

(2010). Towa
M), DSM Co
2009). Struct
). Synthesis 

and pressure
pressure” in 

pts presented 

in order to tr
as possible to
ts. A part of
own objecti

ain Mapping
member and
bution of the
w into DMM
cture. 

complex pro
matrices, I

DMM and M

Fricke E. (2
MC. 
tesse d’un QF

ards an enric
onference. 
tural Comple
of product a

e” when mu
Figure 4).  

in the FF-DM

rack project 
o understand
f the matrix c
ives, and then

g Matrix (FF-
d taxonomy 
e literature re

M so called FF

oduct develo
International

MDM for req

008). Analy

FD en phase

ched represe

exity Manage
architectures 

ud enters thr

MM matrix 

progress and
d, columns ar
can be extra
n brought ba

-DMM) mat
for their com
eview about
F-DMM con

opment proje
l Journal of

quirements m

ysis of hybrid

e de choix de

entation of fu

ement, Sprin
using a DSM

rough the 

 

d change. 
re hidden 
cted by a 
ack to the 

trix based 
mpletion. 
t Domain 
ncerns the 

ects with 
f Project 

modeling, 

d vehicle 

e concept, 

functional 

ger.  
M/DMM-

119



INVEST ON VISUALIZATION

Using the FF-DMM Matrix to g
Represent Functional Flow in 

Product ArchitectureProduct Architecture
Vincent Holley1,2, Bernard Yannou1 and Marija Jankovic1

1Ecole Centrale Paris, Laboratoire de Génie Industriel, Paris, France
2Schlumberger Riboud Product Centre – SRPC, Clamart, FranceSc u be ge boud oduct Ce t e S C, C a a t, a ce

INVEST ON VISUALIZATION

Oil MarketOil Market
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� Schlumberger projects
• Extreme conditions

– High pressures

� Schlumberger projects
� 5 designers
� 7 to 15 years projects

– High temperatures
– High shock and vibration

y p j
� 5 to 10 million $/year

� Issues
• Naturally constrained

– Mud, oil, gas and acid
Withi ll di t

� Duration lengthened 
about 40% to 150%

� Cost may be x2– Within a small diameter
(typically 5 to 15 cm)

� Cost may be x2
� Reliability need 

2 to 3 years of
i ire-engineering
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Audit and Diagnosis of Design Project ManagementAudit and Diagnosis of Design Project Management

Action Research approachAction Research approach
• Audit concerns about 14 projects and 25 jobs

– Model design tasks including job interactions

• Our diagnosis
– Design process very loosely: Extreme variabilityg p y y y
– No prescribed design tools: No FMECA
– No collaborative platform: No multi-disciplinary management

Engineers are experts in their area of expertise– Engineers are experts in their area of expertise

• This article takes part of a Ph.D. work look for the improvement 
f fof design process by a simple user-friendly method to manage 

design collaboration: highlight highly constrained architectural 
zones
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Our Global Approach: Multi-Physics Design Scorecards MethodOur Global Approach: Multi Physics Design Scorecards Method
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Literature Review: Mapping Functions-ComponentsLiterature Review: Mapping Functions Components

Gorbea, Spielmannleitner, Lindemann, Fricke,
DSM, 2008
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Analysis of Multi-Physics Concepts: Data Gatheringy y p g
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Data Gathering OntologyData Gathering Ontology
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FF-DMM ProtocolFF DMM Protocol

• Data collection process for the FF-DMM:
1 Add f i1. Add function names,
2. List technical solutions below their 

modules and assign a color to design 
departments, 

3. Fill in the body of the matrix with the 
Functional Analysis.
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FF-DMM IllustrationFF DMM Illustration
Mechanics
Scope of 

study

Packaging
Scope of 

study

Electronics
Scope of 

study

Modules

Technical
Solutions

Functions
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FF-DMM IllustrationFF DMM Illustration
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FF-DMM IllustrationFF DMM Illustration
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ConclusionConclusion

• Defined Functional Flow – Domain Mapping Matrix (FF-DMM)
Ontology– Ontology, 

– Filling process,
– Taxonomy. 

• Contribution of the literature review 
– Ontology,Ontology,
– Taxonomy.

FF DMM bilit• FF-DMM ability
– To represent function path through product architecture.
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