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ABSTRACT
Designing a family of product variants that share some co

ponents usually entails a performance loss relative to the i
vidually optimized variants due to the commonality constrain
Choosing components for sharing may depend on what pe
mance losses can be tolerated. This article presents a me
ology for making commonality decisions while controlling ind
vidual performance losses. Previous work focused on eva
ing individual performance losses due to pre-specified shar
Trade-offs were identified for different platforms (i.e., the sets
components shared among products) by means of Pareto
In the present work an optimal design problem is formula
to choose product components to be shared without excee
a user-specified performance loss tolerance. This enables th
signer to control trade-offs and obtain optimal product fam
designs for different levels of performance losses in an atte
to maximize commonality. A family of automotive side fram
is used to demonstrate the approach.

NOMENCLATURE
P Set of products.
m Number of products in setP .
p,q Superscripts denoting products.
C p Set of components in productp.
cp

i Componenti in productp.
∗Corresponding author, Phone/Fax: (734) 647-8401/8403 1
-
d-

-
.

s.

g
e-

t

n Number of design variables.

d Number of model responses.

x Vector of design variables.

η Sharing decision variable.

R Vector of responses.

f Objective function representing product performance.

f ◦ Optimal objective function value for null platform

f ∗ Optimal objective function value for a platform-based prod
uct.

g Vector of inequality constraints.

h Vector of equality constraints.

Ŝ pq Set of pairs of indices describing candidate platform b
tween two products.

Ŝ Set of all setŝS pq with p, q∈ P .

S pq Set of pairs of indices describing platform between tw
products.

S Set of all setsS pq with p, q∈ P .

L Performance loss tolerance.

D Distance function.

ω Preference on sharing component.

b Width of rectangular cross section.

h Height of rectangular cross section.

t Thickness of rectangular cross section.
Copyright  2002 by ASME
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1 INTRODUCTION
Sharing components among products is an effective way

cut costs. Expenses are decreased through the reduced tim
design and engineer components as well as through saving
manufacturing and inventory. In this regard, a product platfo
is defined as the set of components and manufacturing and
sembly processes that are common among a family of produ

Commonality often causes a penalty with respect to indiv
ual product performance (Nelsonet al. 2001). The design chal-
lenge is how to maximize commonality and optimize the fam
products while satisfying individual constraints and minimizin
performance losses. Research in product platform design is c
acterized by two approaches. One approach tends to be m
qualitative, addressing important business issues, common te
nology, different schools of thought, and real-world case stud
The second approach uses mathematical formulations of opt
design problems and is more quantitative but is limited by o
ability to model a given situation. The present article follow
this second approach.

Simpsonet al. (1999) proposed the product platform con
cept exploration method for configuring and exploring pro
uct platforms concepts that can be scaled to product fami
by means of so-called parametric and/or configurational facto
They formulated a compromise decision support problem to
timize the design, while Messacet al. (2000) adopted a physica
programming approach. Conneret al. (1999) utilized Simpson’s
(1998) product variety tradeoff evaluation method and the co
bination of the above two concepts to evaluate platform po
folios based on commonality and performance losses indic
Nayaket al. (2000) employed robust design concepts to form
late a variation-based platform design methodology that cons
of two steps: identifying the platform by solving a compromis
decision support problem and designing the family around t
platform.

Gonzalez-Zugastiet al. (1998) presented a method that us
cost gain models as the driving force for designing the prod
platform while satisfying performance and budget constraints
this approach, severala priori specified platforms are optimized
first, while the family variants are designed at the second sta
The performance of the platforms is evaluated to aid the desig
to pick the best in an interactive manner. Gonzalez-Zugasti
Otto (2000) formulated a modular product platform-based des
optimization problem that can be solved to determine simulta
ously module designs and their combination for the variant
stantiations. In this work platform and individual goals form
multiobjective function and additional compatibility and sharin
constraints are included. Fujitaet al. (2001) also proposed a
method for simultaneous optimization of module attributes a
combinations, driven by cost-related functions. In both of t
latter papers the modular architecture of the product family
fixed.

Nelsonet al. (2001) formulated and solved a multiobjectiv
2
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optimal design problem by means of Pareto set theory. Giv
a fixed platform, a set of optimal points is generated based
the importance of the conflicting variant objectives. The d
signer can identify trade-offs, evaluate multiple platforms, a
then make related decisions. Felliniet al. (2000) applied this
concept to the design of an automotive product family based o
powertrain platform along with examining the hierarchical stru
ture of the platform design problem. Kokkolaraset al. (2002)
extended the target cascading formulation to the design of pr
uct families for pre-specified platforms. Both common and i
dividual components, subsystems, and/or systems of the fam
products are designed optimally with respect to family and va
ant targets.

It can be readily concluded that deciding what can be sha
among a set of products is a key process in optimal design
product families. Examining all different platform possibilitie
is likely to be computationally prohibitive due to the combina
torial nature of the problem. However, one can look for a str
egy where a good choice of common components can be m
without exhaustive enumeration. In the present work the abo
mentioned combinatorial problem is relaxed and reformulat
to minimize design deviations among the family members wh
satisfying individual design constraints and observing a design
specified performance loss tolerance. In this manner, the
signer can identify a set of components that can be shared
then obtain optimal designs for a number of scenarios, based
the willingness to sacrifice a certain amount of individual perfo
mance.

The article is organized as follows: The platform-based d
sign and commonality decision formulations are presented. T
methodology for commonality decisions is then formulated. A
example based on a family of automotive vehicle side frames
used to demonstrate the methodology. Results are discussed
conclusions are drawn.

2 TERMINOLOGY AND NOTATION
In this section we review the vocabulary for product pla

forms and devise a corresponding mathematical notation.
A componentis defined as a manufactured object that is th

smallest (indivisible) element of an assembly, and is represen
by a set of design variables. Aproductis an artifact that is made
up of components. Theproduct architectureis the configuration
of components within the product. Amoduleis a component or
subassembly that can be interchanged within a product archi
ture to produce variety. Amodelis a mathematical representatio
of a product that accepts a vector of design variables and retu
a vector of responses.

The mathematical notation begins with the setP =
{A,B,C, . . .} used to distinguish each productp∈ P . Likewise,
the setC p = {cp

1,cp
2,cp

3, . . .} is defined to represent the compo
nents that form a particular productp. Figure 1 illustrates the
Copyright  2002 by ASME
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above notation. A productp is associated with a vector of desig

1
Ac

2
Ac

3
Ac A

Figure 1. Components and assembled product.

variablesxp ∈ Rnp
, a vector of responsesRp ∈ Rdp

, and design
inequality and equality constraintsgp ∈ Rvp

andhp ∈ Rwp
, re-

spectively. The subset of design variables describing compo
cp

i is xp
i ⊆ xp.

A product platformis the set of all components, manufa
turing processes, and/or assembly steps that are common in
of products. Aproduct familyis the set of product variants th
share a product platform. In terms of platform-based prod
a product portfoliorefers to the set of product families offere
across market segments over time. A family product der
from a platform is also referred to as aproduct variant.

Two types of sharing can be used when selecting a pro
platform that is not based on manufacturing processes or as
bly steps. Incomponent sharing, one or more components a
common across a family of products as shown in Figure 2

variant A variant B

(shared        )

Figure 2. Platform-based products (component sharing).

addition, it is possible to share “scaled” versions of compone
Mathematically this can be described asvariable sharing, where
components are based on a platform (of variables) themse
The example in Figure 3 shows the cross-section of two st
tural beam elements. While the height and width of both p
are the same, the thickness is different. The manufacturing
vantage can be illustrated by this example. By keeping width
height invariant, the same stamping equipment can be used
different gauge steel. In general, manufacturing (and there
cost) considerations should be taken into account in the de
of platforms. We do not address this aspect explicitly but
attempt to recognize the associated design impact.
3

t

-

.

b b

hh
t t

(shared b & h)

Figure 3. Platform-based components (variable sharing).

The formulation here holds for both component and varia
sharing. For simplicity no distinction will be made between co
ponents and variables. In fact, a component can be repres
by a single variable. The following notation is used to descr
a product platform: The setS pq consists of the pairs of indice
of the components that are shared between two productsp andq,
wherep,q∈ P andp < q. The setS = {S pq | p, q∈ P; p < q}
describes the product platform.

3 PLATFORM-BASED PRODUCT DESIGN
Nelsonet al. (2001) proposed a multicriteria optimizatio

statement for platforms specified a priori:

maximize product “performance”

with respect to product design variables

subject to product requirements

component commonality constraints

The mathematical formulation is as follows:

maximize { f p(xp)} p = 1, . . . ,m

with respect to x = [x1,x2, . . . ,xm] (1)

subject to gp(xp)≤ 0 p = 1, . . . ,m

hp(xp) = 0 p = 1, . . . ,m

xp
i = xq

j

(i, j) ∈ S pq; p,q∈ P ; p < q

An optimization problem is solved for each product separa
to determine the null platform point, shown in Figure 4 as
point ×( f A,◦, f B,◦). In the product family design problem th
objective function is a weighted aggregate of the individual pr
uct objectives. The constraint set includes all individual prod
constraints. Commonality constraints are included as equ
constraintsxp

i = xq
j . Solving the family optimization problem

for different weights yields the Pareto set. The bounds on
Copyright  2002 by ASME
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(f A, f B,*)
(f A,*, f B,*)

(f A,°, f B,°)

utopia point 1

null platform

platform 1

platform 2

utopia point 2

Figure 4. Null platform point and Pareto sets for different platforms.

Pareto set determine the utopia point, the best possible de
that can be achieved with the platform. Assuming the des
penalty from the null platform to the utopia point is accepta
to the designer, the rest of the Pareto set is computed. Two p
ble platforms and their associated trade-offs are shown in Fig
4. The preferred design on the Pareto set is selected acco
to other criteria (cost, customer preference, etc.) not include
the above model.

4 THE COMMONALITY DECISION PROBLEM

The important trade-off that exists when attempting
choose the components which will make up a product platfo
is one of commonality versus product performance. The prod
family design problem is stated as:

maximize product “performance”

component commonality

with respect to product design variables

sharing decision variables

subject to product requirements

component commonality constraints

The optimal design problem is now formulated mathematica
as a mixed-discrete programming problem due to the presen
4
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binary commonality decision variables:

maximize { f p(xp),∑i jpq ηpq
i j } p = 1, . . . ,m

with respect to x = [x1,x2, . . . ,xm],η (2)

subject to gp(xp)≤ 0 p = 1, . . . ,m

hp(xp) = 0 p = 1, . . . ,m

ηpq
i j (xp

i −xq
j ) = 0

ηpq
i j ∈ {0,1}

(i, j) ∈ Ŝ pq; p,q∈ P ; p < q

The setŜ pq consists of pairs of indices of components of pro
ucts p andq that arecandidatesfor sharing — though will not
necessarily be shared. The sharing decision variablesηpq

i j are
set to 1 if variablesxp

i , xq
j will be shared and 0 otherwise. Ou

approach to solve this multi-objective optimization problem
to reformulate it by keeping the term∑i jpq ηpq

i j in the objective
function and moving the termsf p(xp), p = 1, . . . ,m to the con-
straints. Using the function

D◦(x
p
i −xq

j ) =
{

0 if xp
i = xq

j
1 otherwise

(3)

the term∑i jpq ηpq
i j can be computed based on the values of

design variables:

∑
i jpq

ηpq
i j = ∑

pq
|Ŝ pq|− ∑

i jpq
D◦(x

p
i −xq

j ), (4)

where |Ŝ pq| is the number of elements in the setŜ pq. Note
that the equality constraintsηpq

i j (xp
i − xq

j ) = 0 are addressed in
Equation (4). Therefore, from Equation (4), the maximization
∑i jpq ηpq

i j is equivalent to the minimization of∑i jpq D◦(x
p
i −xq

j ).
The use of the functionD◦ incorporates the commonality con
straint. However, the solution of this formulation still requires
combinatorial approach. In order to make the problem tracta
the functionD◦ is approximated by a function that is continu
ously differentiable. This also allows the use of gradient-ba
algorithms. The approximating functionDα is given in Equation
(5) and depicted in Figure 5 forα = 0.05.

Dα(xp
i −xq

j ) = 1− 1(
xp
i −xq

j
α

)2

+1

(5)

This function is a measure of the distance between designxp

andxq, and approaches the functionD◦ asα goes to zero.
Copyright  2002 by ASME
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Figure 5. The approximation of the function D◦.

4.1 Bounds on Performance Loss
As discussed in the previous section, solving the mu

criteria problem can be reformulated by considering the objec
terms f p as constraints. To do this, we defineperformance loss
factors Lp that represent the loss in performance of the platfor
based products compared to the null platform optimaf p,◦. As-
suming that the functionsf p, p = 1, . . . ,m are minimized, the
constraints are defined as:

f p(xp)≤ Lp f p,◦ p = 1, . . . ,m (6)

For example, if a 15% loss in performance for a particular
tribute is acceptable, the loss factor is equal to 1.15.

The Pareto set of the multi-criteria problem can be obtain
by solving problem (7) for multiple loss factorsLp.

minimize ∑i jpq Dα(xp
i −xq

j )

with respect to x = [x1,x2, . . . ,xm] (7)

subject to gp(xp)≤ 0 p = 1, . . . ,m

hp(xp) = 0 p = 1, . . . ,m

f p(xp)≤ Lp f p,◦ p = 1, . . . ,m

(i, j) ∈ Ŝ pq; p,q∈ P ; p < q

However, it is not necessary to compute the entire Pareto set
represents commonality and performance trade-offs. The
factorsLp can be used to restrict the loss in performance wh
designing the platform.

Note that the solution to problem (7) may not be uniqu
Figure 6 shows the reduced feasible set resulting from the in
duction of performance loss constraints. Furthermore, mult
combinations of the same number of shared components ca
ist; they must be differentiated by their relative performance a
solving the product family design problem. It should be emph
sized that this step of the methodology is not to find design val
of x, but to select the feasible set of commonality constraints
5
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feasible set
of product q

feasible set
of product p

feasible platform set

performance loss
constraint for product p

performance loss
constraint for product q

Figure 6. Reduced platform feasible set.

The designer may be able to quantify (e.g., through m
keting data or customer preferences) the acceptable perform
losses for each variant. The loss factorsLp can thus be consid-
ered in the platform selection process as inputs specified by
designer. The optimization problem (7) represents the selec
of the platform under performance loss constraints.

4.2 Including Preference for Sharing
The presented commonality decision formulation has m

tiple terms in the objective function that are equally weighte
there is no bias towards sharing one component over ano
However, it is possible to include the designer’s preference
sharing in the objective function:

minimize ∑i jpq ωpq
i j Dα(xp

i −xq
j )

(i, j) ∈ Ŝ pq; p,q∈ P ; p < q (8)

The scalarωpq
i j corresponds to the preference on sharing co

ponentsxp
i andxq

j , which can be chosen using manufacturing
other cost-related criteria in a non-heuristic approach. Includ
cost may be straightforward by replacing theωpq

i j with the ac-
tual cost of the components: If component “1” costs 200 tim
more to manufacture than component “2”, preference should
placed on sharing the more expensive component. For exam
it would most likely be preferable to share the engine over
differential in a family of automobiles.

In this paper we will not examine further the possibility o
assigning different weights to the terms of the objective functi

5 MAKING COMMONALITY DECISIONS
The proposed methodology consists of the following step

1. Determine the optimal null platform designf p,◦ for each in-
dividual productp∈P by solving the general optimal desig
Copyright  2002 by ASME



rod

r

(7).
em,
mine

po-
red
nu-

e-
ated
ce
ses
or-

tual

r-
ted

m-
s (6
ign

ob-
t
to-
to

ve-
by

f the
nal
de-

de-

pu-
tive
seven
t
ss for
ams
-
here
rt-
t the
se.

joint
hear

ents
nd-

s re-
problem (9).

minimize f p(xp)
with respect to xp (9)

subject togp(xp)≤ 0

hp(xp) = 0

2. Identify the components that could be shared between p
ucts, i.e., define the candidate platform setŜ pq for any two
productsp andq in the setP . The candidate platform set fo
the whole product family is then̂S = {Ŝ pq | p, q∈ P ; p <
q}.

3. Determine the amount of performance lossLp that is accept-
able for each of the products.

4. Formulate and solve the commonality decision problem
5. Based on the results of the commonality decision probl

make a selection of components to be shared, i.e., deter
the setS = {S pq | p, q∈ P ; p< q} in the following manner:
The values of the design variables of the candidate com
nents are compared. These are then assumed to be sha
their relative difference does not exceed an appropriate
merical threshold.

6. Formulate and solve the optimal design problem (10).

minimize (( f p(xp)− f p,◦)/ f p,◦)2 p = 1, . . . ,m

with respect to x = [x1,x2, . . . ,xm] (10)

subject to gp(xp)≤ 0 p = 1, . . . ,m

hp(xp) = 0 p = 1, . . . ,m

f p(xp)≤ Lp f p,◦ p = 1, . . . ,m

xp
i = xq

j

(i, j) ∈ S pq; p,q∈ P ; p < q

Problem (10) is formulated to minimize the distance b
tween the null platform design and the Pareto set associ
with the platform determined at Step 4. The performan
loss constraints are included in case the Pareto point clo
to the null platform lies outside the area of allowable perf
mance losses.

Figure 7 illustrates the above methodology. The concep
plot shows a null platform point( f A,◦, f B,◦). The null plat-
form objective function values are multiplied by the perfo
mance loss tolerancesLp, and so the region where the associa
feasible platforms reside is bounded by the points( f A,◦, f B,◦),
(LA f A,◦,LB f B,◦), (LA f A,◦, f B,◦), and( f A,◦,LB f B,◦). Solving the
commonality decision problem (7) a feasible platform (i.e., co
mon components) is found. The performance loss constraint
in (7) will always be active (unless they are dominated by des
6
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f A
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f A,°
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LBf B,°

LAf A,°

optimal platform-based product family

family design objective

Pareto set for
feasible platform

Pareto set for
infeasible platform

attainable set

Figure 7. Design Process of Proposed Methodology

constraints) and the obtained designs will correspond to the
jective function valuesLA f A,◦ andLB f B,◦. Therefore, the produc
family optimal design problem (10) is solved to obtain a Pare
optimal design for the platform. Problem (10) is formulated
yield the point closest to the null platform design.

6 DESIGNING A FAMILY OF AUTOMOTIVE VEHICLE
SIDE FRAMES
We consider a family of side frames for an automotive

hicle with two variants. Recall that a variant can be defined
changing the functional requirements and/or the geometry o
model. In this study variants are based on differing functio
requirements for mass and stiffness. Variants A and B are
signed for minimum mass and maximum stiffness (minimum
flection), respectively.

6.1 Side Frame Model Description
A simple two-dimensional model was chosen for com

tational efficiency purposes. The side frame of the automo
body is modeled as an assembly of ten beam elements and
flexible joints (cf. Figure 8). A MATLAB-based finite elemen
solver is used to compute deflections, stresses, and body ma
different values of the cross-sectional parameters of the be
(width b, heighth, and thicknesst). Two loading cases (bend
ing and torsion) are considered, as depicted in Figure 8 w
F = 1500 lbs andT = 1650 lbs. The engine and rear compa
ments are included in the model as reaction forces applied a
centerpoints of the A and C pillars for the bending load ca
Torsion is represented by a horizontal force applied at the
connecting the B pillar and the roof; this force simulates the s
that the structure undergoes under such loading. Displacem
are computed at the four locations shown in Figure 8. Total be
ing displacement is then calculated asδb = λ∆1 +µ∆2 +∆3. The
roof and the rocker consist of two beam elements each. Thi
Copyright  2002 by ASME
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Figure 8. Two-dimensional automotive side frame model.

Table 1. Variant optimal design problems and null platform optima.

Variant A B

Objective min m min δb +δt

Constraints δb ≤ 0.4 in m≤ 250 lbs

δt ≤ 0.8 in

Optimum 53.4 lbs 0.587 in

sults in a side frame consisting of eight components. Each c
ponent is represented by three design variables. This mean
a component can be shared within the family if all three des
variables have equal values. However, it may be possible to
sider some other form of sharing if only one or two design va
ables have equal values, for example, from a manufacturing p
of view as discussed in Section 2. In this regard, all variables
treated as platform candidates in this study.

6.2 Null platform computation
At first the optimal design problem is solved individual

for each variant to obtain null platform optimaf p,o. Two vari-
ants are considered: Variant A is designed with a minimum m
objective subject to a stiffness constraint represented by de
tions; variant B is designed with a maximum stiffness object
subject to a mass constraint. Two maximal stress constraint
each beam element are taken into account for all three vari
The computed null platform optima for the considered varia
are given in Table 1.
7
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6.3 Commonality Decision and Family Optimization
Having computed the null platform optimaf p,o, the com-

monality decision problem (7) can be solved for different valu
of the performance loss tolerancesLp. Experience to date show
that 0.025 is a good value for the parameterα in Equation (5).
Further investigation is necessary to determine a recomme
value ofα for general use.

In the side frame problem there are 24 design variables
resenting the cross-sectional variablesb (width), h (height), and
t (thickness) of the beams. The candidate platform setŜ is de-
fined by allowing each design variable in variant A to be sha
only with the same variable of the corresponding componen
variant B. Therefore there are 224 possible sharing combination
(product platforms).

Problem (7) is solved to determine the “maximal” fea
ble platform under performance loss constraints. The per
mance loss tolerancesLp are set equal for both variants, i.e
LA = LB = L. A relative threshold of 0.5% is used to determi
which variables will be shared among the two variants. Note
twelve variables were “naturally” shared by inspecting the n
platform designs, i.e., they had the same optimal values in b
designs. Allowing a performance loss of 1%, 5%, 10%, 20
and 50% resulted in a commonality decision of sharing 17,
21, 22, and 24 variables, respectively. The trade-off betw
sharing and performance is shown in Figure 9. This trade-o

12

14

16

18

20

22

24
0 10 20 30 40 50

Performance Loss Tolerance

V
ar

ia
bl

es
 S

ha
re

d

Figure 9. Trade-offs between commonality and performance.

analogous to the Pareto set that could be generated solvin
combinatorial optimal design problem (2).

The optimal product family design problem (10) is solv
next. The optimal objective function values are presented in
ble 2. All platforms that were determined by solving the co
monality decision problem (7) are within the specified loss t
erances after solving the product family design problem. The
sults in Table 2 lead us to believe that solutions with more sha
components are not being overlooked. The optimal values o
product family design variables based on the null platform,
platform determined by accepting a 5% performance loss,
the total platform are compared in Table 3.
Copyright  2002 by ASME
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Table 2. Optimal product family design results and associated perfor-

mance losses.

Variant A B

Null platform 53.4 lbs 0.587 in

Platform of 17 variables 53.9 lbs 0.593 in

Performance loss 0.999% 0.972%

Platform of 20 variables 55.6 lbs 0.616 in

Performance loss 4.17% 5.01%

Platform of 21 variables 56.0 lbs 0.646 in

Performance loss 4.87% 9.96%

Platform of 22 variables 58.3 lbs 0.687 in

Performance loss 9.20% 17.00%

Total platform of 24 variables 73.2 lbs 0.881 in

Performance loss 37.1% 50.0%

6.4 Validation of Platform Solutions
It is too computationally expensive to solve the origin

combinatorial commonality problem, therefore a reduced v
sion of the (2) is solved to validate the results. It is assum
that “naturally shared” variables, as determined by the individ
variant optimizations, will remain shared. It has been obser
that twelve out of the sixteen widthb and heighth variable values
of the two variants are always equal. This motivated us to c
sider all width and height variables shared, and reduce the
of the combinatorial problem by defining the platform to inclu
these sixteen variables. The problem size is thus reduced t8

platform combinations.
A “top-down” algorithm is implemented by starting with

sharing all eight component thicknesses (total platform). If
performance loss constraints cannot be satisfied, we mov
“level” down by decreasing the number of candidates for shar
from eight to seven; eight different platforms of sharing sev
thicknesses are now considered, and so on, until at least one
form is found that satisfies the performance loss constraints
a given “level” . Note that it is possible that more than one pl
forms may satisfy the performance loss constraints at a gi
“level”.

Using a loss preference of 1%, 5% or 50%, the same uni
platform is obtained by solving the commonality decision pro
lem (7). Given a loss preference of 10% and 20%, two and se
platforms were found, respectively. It is encouraging that
platform obtained by solving the commonality decision proble
(7) is the one that corresponds to least performance loss for
8

t-

cases. Intuitively this makes sense: Since problem (7) is so
over a continuous design space, it is natural that components
have less impact (sensitivity) on the performance will be sha
first. Note that the number of feasible platforms increases w
increasing value of performance loss tolerance. This fact is
lated to our previous discussion of the feasible platform sp
shown in Figure 6.

6.5 Practical Considerations
Gradient-based algorithms are recommended to solve

commonality decision problem (7). It is advised to compute g

Table 3. Optimal values of the product family design variables for differ-

ent platforms.

Platform: null 17 variables total

xl x0 xu xA,◦ xB,◦ xA,∗ xB,∗ xA,∗ xB,∗

1.00 2.00 2.20 2.20 2.20 2.20 2.20 2.20 2.20

2.00 4.00 4.40 4.40 4.40 4.40 4.40 4.40 4.40

0.04 0.10 0.50 0.04 0.46 0.04 0.47 0.08 0.08

0.75 1.50 1.65 1.65 1.65 1.65 1.65 1.65 1.65

0.50 1.00 1.10 1.10 1.10 1.10 1.10 1.10 1.10

0.04 0.10 0.50 0.19 0.37 0.19 0.39 0.18 0.18

1.00 2.00 2.20 1.51 2.07 2.08 2.08 2.20 2.20

2.00 4.00 4.40 4.40 4.40 4.40 4.40 4.40 4.40

0.04 0.10 0.50 0.04 0.23 0.04 0.25 0.05 0.05

0.50 1.00 1.10 1.10 1.07 1.09 1.09 1.10 1.10

0.50 1.00 1.10 1.10 1.10 1.10 1.10 1.10 1.10

0.04 0.30 0.50 0.04 0.28 0.06 0.06 0.06 0.06

1.00 2.00 2.20 2.20 2.20 2.20 2.20 2.20 2.20

1.50 3.00 3.30 3.30 3.30 3.30 3.30 3.30 3.30

0.04 0.10 0.50 0.12 0.41 0.12 0.41 0.12 0.12

0.50 1.00 1.10 1.10 1.10 1.10 1.10 1.10 1.10

1.00 2.00 2.20 2.20 2.20 2.20 2.20 2.20 2.20

0.04 0.10 0.50 0.09 0.32 0.09 0.34 0.09 0.09

1.00 2.00 2.20 2.20 2.20 2.20 2.20 2.20 2.20

1.00 2.00 2.20 2.20 2.20 2.20 2.20 2.20 2.20

0.04 0.10 0.50 0.11 0.50 0.11 0.50 0.18 0.18

0.50 1.00 1.10 0.50 1.01 0.96 0.96 1.08 1.08

1.50 3.00 3.30 2.96 3.30 2.95 2.95 3.30 3.30

0.04 0.10 0.50 0.04 0.18 0.04 0.23 0.04 0.04
Copyright  2002 by ASME
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dients analytically. The use of the functionDα as defined in
Equation (5) makes this possible. In the case that simulat
based models are used to evaluate the performance constr
it is important to use appropriate finite-difference steps. For
application considered in this paper, we used the MATLAB im-
plementation of the sequential quadratic programming (SQP
gorithm. Design variables, objective, and constraints were sc
to the order of one.

Solving the commonality decision problem (7) may becom
inefficient as the number of products and/or the number of co
ponents that can be shared increases dramatically. Meth
based on the use of sensitivity analysis (Felliniet al. 2002) can
be used to reduce the order of the problem by filtering out co
ponents with low impact on sharing.

7 CONCLUSIONS
The proposed methodology integrates platform selection

der performance loss constraints with optimal design of pr
uct families. The designer can decide (e.g., by using busin
and marketing data) what performance losses are acceptable
tive to individual product variant optimality. Component sharin
is determined through the solution of the relaxed and reform
lated commonality maximization combinatorial problem subje
to these performance loss bounds. The formulation of the c
monality decision problem allows the designer to assign diff
ent weights to express sharing preferences. The optimal pro
family design problem is solved to obtain a point on the Par
set associated with the determined platform that is closest to
null platform point. A family of automotive vehicle side frame
has been used to demonstrate the proposed methodology. Re
have been validated by comparing them to the ones obtaine
solving a reduced version of the original combinatorial commo
ality problem. It can be concluded that the methodology can
helpful in addressing the platform selection problem, which m
be intractable in its original combinatorial form.
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