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ABSTRACT Interest in the issues that arise when so many different

Engineering projects often undergo several design iterations before be- groups share the design task has led other researchers to explore
ing completed. Information received from other groups working on a concurrent engineering. Ward et al. (1994), in particular, have
project (analysis, manufacturing, marketing, sales) will often necessi- pointed out the importance of the communication of set-based in-
tate changes in a design. The interaction between different groups as-formation between downstream and upstream processes. In this
sociated with a design project often takes the form of informal “nego- paper, we deal with situations akgotiationbetween working
tiation.” This form of interaction commonly arises when engineering ' L :

groups that arise in the course of a shared design task. Nego-

information is imprecise. The Method of ImprecisiondMis a for- . h Ki desi h .
mal method for the representation and manipulation of preliminary and tatlon occurs whenever one working group desires a change in

imprecise design information. It provides a mechanism for the formal- WOrk done by another working group. Often, a defining feature

ization of these informal negotiations. The nature and scope of informal Of & negotiation situation is that the two groups have different

negotiation in engineering is explored and discussed, and application of views of the design object or process. It is possible, however, for

the Myl is illustrated with an example. situations that are appropriately modeled as negotiation to arise
where there is a single, agreed-upon view of the design. In gen-
eral, this negotiation is highly informal.

INTRODUCTION

. . . . . . Other researchers, particularly in the artificial intelligence
Engineering design projects in industry commonly involve

; L . ..~ community, have seen conflict and negotiation between agents as
many different work groups or individuals. In addition to a divi- . )
a crucial part of the design process. Several systems have been

sion .Of labor by subsystems, there_ ISa d'V'.S'On of Ia_bpr by engi- developed that attempt to model, incorporate, or handle conflict
neering task. For example, the solid modeling and finite element .

analysis of an artifact may be handled by different engineers. n de§|gn (Bahler etal,, 1995_’ Bra?'er etal., 1995; Haroud et_al.,
Production engineers form a group with its own set of concerns, 1995’ O.h and Sharpe, 1995; Petrie et al., 1995). These projects
. ) 4 . will be discussed below.

reflected in the considerable literature on the importance of de-

sign for manufacture (see Finger and Dixon (1989) for a good This paper was motivated by work done by the authors in
bibliography). Finally, design engineers are ultimately respon- collaboration with a US auto manufacturer and a material man-
sible to their customers. The customers’ concerns are typically ufacturing research center. We found that the informal negoti-
represented by management or marketing, who form yet anotherations described above are common, so common that informal
group with an interest in the design process. The groups within negotiation appears nearly an automatic part of any design pro-
an organization that participate in a project, who are not neces- Cess. In most cases, it is not even recognized as negotiation, yet

sar”y all engineers, will be referred to here\wking groups in some instances the culture of negotiation is so hlghly devel-
oped that parties “come to the bargaining table” with exaggerated

estimates because they expect to be “bargained down.”
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Why is this sort of negotiation so prevalent? One reason is task and begin a negotiation process (indeed, this meeting may be
the fundamental imprecision inherent in engineering design. Fi- scheduled long before any potential problems are known). The
nal designs are exact (including manufacturing tolerances), yet engineers may ask for more resources, for a relaxation of other
such precision is present only at the end of the design process.targets, or for a compromise on the original target. Targets are
Engineers (and managers) routinely conduct analyses and makelmost never immovable, and managers are commonly willing to
decisions with imprecise quantities. As a design progresses, in- negotiate.
formation becomes more precise, and it may become necessary  Here, negotiation serves to address an inadequacy in the
to revise earlier estimates. Yet the preliminary decisions account original description of the problem: the ostensibly exact (or
for an overwhelming fraction of the total cost of a design, with crisp) requirement is in fact fuzzy, and through negotiation the
some studies citing figures up to 70% (Whitney, 1988). two groups (in this case, chassis designers and their managers)

Despite the ubiquity of imprecision in engineering design, explore the nature of the “constraints.” To formalize this negotia-
there are few tools for dealing with imprecise information. One tion and reduce pre-distorted bargaining positions, it is important
such tool is thevlethod of ImprecisiofMgl) (Wood and Anton- to be able to represent the inherent fuzziness in the constraint.
sson, 1989), a formal method for representing and manipulating The Mgl uses fuzzy sets to represent such imprecision, as will be
uncertainty in engineering design employing the mathematics of shown further below.
fuzzy sets. It has been shown that thg ban be used to combine
design information using a variety of different trade-off strate-
gies (Otto and Antonsson, 1991; Scott and Antonsson, 1995).
Other references have developed thg fr industrial applica-
tion (Law and Antonsson, 1994).

Current work undertakes to use the structure of th tol
formalize the presently informal negotiation process. The mech-

Trade-offs between facets of performance

An additional layer of complication is added when several
target performances are considered at once; here, negotiation can
occur even when all specifications are met. In fact, there are
usually at least two specifications, since cost of engineering and
. ) ; production resources is almost always a factor. In the example
anisms employed by the difor the representation of uncertain ¢ hasis design, the designers’ position may be to offer the

or imprecise information are particularly well-suited to the for- manager a choice between a 6% improvement at a production

tmhal repr(te.s?.ntanon of thz nggott|at|0n Process. Bty formalizing cost slightly lower than the present model’s, or an 11% improve-
€ negotiation process, design teams can promote a more CoMqy, oy ot 5 substantially higher cost. To this, the managers may
plete exchange of information and have a mechanism to trace

. . . . : well counter that the new target is 8% improvement, as cheapl
the history of a design through its iterations. The existence of g °1mp il

. o . ) : as possible.
a formal negotiation tool may facilitate the inclusion of impor-

tant perf land ket inf tion. th llowing th The trade-off between cost and performance is one of many
1ant performance goal and market information, thus allowing th€ - ., s that are resolved through negotiation. A typical project
incorporation of more relevant information into the early design

will have an array of performance targets. The chassis example
stages: . ) . _mentioned above will also have bending stiffness, weight, noise,
Th's. paper discusses the context and |mporta_nce_of des'gnand vibrational targets in addition to the torsional stiffness. The
negotiation in '”d“_Stfy* and demonstrate_s the application of the overall performance of the design depends on the individual per-
Mgl to place negotiations on a formal basis. formances, but the exact nature of the dependence varies greatly
with the particular problem. The negotiation process is a means
by which the true measure (and compromise) of overall perfor-

EXAMPLES OF NEGOTIATION IN DESIGN o mance is uncovered. A method to formalize negotiation may
The following examples are not exhaustive, but they indicate provide quicker and more complete information about the over-

the wide range of design negotiation situations: all performance relationship.

Unreachable target performance values Conflicts between design and manufacturing

One example of design negotiation occurs when an engineer The problem of design for manufacturability has been ad-
or engineering group is given the task of designing a product to dressed by others (Finger and Dixon, 1989), but it has not pre-
a target performance specification. When the product is a newer viously been noted that conflicts between design and manufac-
model of an existing product, the target is often an incremental turing are often resolved through a negotiation process. Some-
improvement over last year’s model. As an example, consider times the issue is the rejection of an unmanufacturable design
an automobile chassis, where an existing model has a torsionalby the production engineer. In many cases, a production engi-
stiffness of 12,000 ft.-Ibs./degree and this year's requirement is neer suggests changes that will make manufacture simpler, and
to exceed that by 10%. If the engineers are unable to reach thenegotiates with the design engineer for a compromise that will
fixed target easily, they will return to the manager who set the give the most satisfactory overall performance when production
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cost and reliability are taken into account. In the most optimistic PRIOR RESEARCH ON NEGOTIATION

case, a manufacturing group may suggest changes that improve  Other researchers have also recognized the importance of
the overall design performance. In a worst-case scenario, poor negotiation in design. Some take the point of view that any con-

or no negotiation can lead to spectacular failures. The infamous tradiction that arises in the design process is a conflict to be re-
1981 collapse of the Hyatt Regency walkway in Kansas City, solved by negotiation. This paper takes a less inclusive view of

Missouri, the deadliest engineering disaster in U.S. history, has negotiation, but points out that the formal representation of any

been attributed to miscommunication between designers and fab-trade-off is realized in the same way as a negotiation between
ricators (Roddis, 1993). A formalism for negotiation can help to  two parties.

facilitate the resolution of these conflicts, and can at the same  Researchers in artificial intelligence have noted that conflict

time provide an unamb_iguous record of decisions that are made s an integral part of the design process. A few are mentioned

at each step of the design process. here: Oh and Sharpe (1995) present a more comprehensive bib-
liography of current research and a thoughtful list of potential

Conflicts between engineering groups sources of conflict in addition to their own work on a design

When different working groups have responsibility for dif- support environment cglled Schem_ebuilder. Ba_hler et_ al. (1995)
ferent subsystems, or for different aspects, of a design, the re- have approached conflict from a utility theory point ofV|ew;_ the|_r
quirements of one group may conflict with the requirements of WOrK is perhaps the most comparable to the research direction
another. Stiffeners added to improve the structural rigidity of outlined n this paper, bU_t .they have focu.se.d on a computer im-
a frame might eliminate space that the fuel system group was plementa_tlon of the decision and .have Ilmltgd themselves _to a
counting on for the fuel tank. While in mature designs a struc- linear weighted sum model a_nd fairly re_strlcuve_ representations
tural part may well be described by a volume envelope and a few fOr goals. The work accomplished previously with thgiMand
immutable points of contact, there are many situations in which the applications proposed in this paper, offer more possibilities
the interaction between parts is not so rigidly described. Even for the modeling of the design but less automation of the deci-
when constraints are imposed in an attempt to avoid conflict be- SIONS. Some interesting work has been done on a design support

tween working groups, points of intersection between subsys- system using Pareto optimality by Petrie et al. (1995). The sys-
tems are often negotiated. tem does not calculate optimal solutions, but rather tracks a his-

tory of design decisions and automatically notifies agents when
it seems that a better design might be overlooked.
The incorporation of unquantifiable performances These approaches to managing conflict in design, and others
Many design problems include performance criteria that are from the artificial intelligence community (Brazier et al., 1995:
difficult, if notimpossible, to measure, yet these criteria can be soO jaroud et al., 1995), have concentrated on environments that
important as to drive a design. Aesthetic and emotional concerns y,odel the design process itself, with the idea that such a model
are certainly of great importance in the auto industry (Clark and || pe applicable in any design situation, thus approaching the
Fujimoto, 1991), and they also play a surprisingly significantrole - gesign problem from above. The act of negotiation is seen as an
in other fields, from heavy machinery to military aircraft. entity to be modeled. The research discussed here approaches
Style, beauty, appearance of solidity, color, image, are all the design problem from below, where the crucial problem is to

examples of immeasurable attributes that can play a substantial jodel the imprecision inherent in design information, and to use
role in the desirability of an engineered object. The fact thatthey tnat model of design imprecision to guide negotiation.

are not easily quantified can lead to either underestimation or

overestimation of their role in a design. An engineer designing

for more concrete performance specifications may ignore them

altogether, yet that same engineer may be working within strict 'MPRECISION IN THE DESIGN PROCESS

geometrical constraints dictated by a stylist’s vision. The following is a brief review of the Method of Imprecision
Immeasurable performances present the greatest challengeand some necessary definitions. The reader is referred to Anton-

in the formalization of design negotiation as presented in this sson and Otto (1995), Otto (1992), Otto and Antonsson (1994),

paper. Still, steps can be taken to formalize this part of the design and Wood and Antonsson (1989) for more details.

process, and this formalization can lead to a clearer picture of The Myl formalizes design decision making in the presence

true overall design requirements. of uncertainty by the specification pfeference®n designand

performance variablesVariables are sometimes referred to as

These examples are meant to convey the nature of the prob-parameters Design variables are denotel, wherei ranges

lem of informal negotiation in engineering design. The following from 1 ton. The set of design variable values under consider-

section describes a formal system to conduct negotiation more ation ford; is denotedt;. The preference that a designer has for

rigorously. values ofd;, theith design variable, is represented by a prefer-
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ence function or;, termed thaelesign preference The first step in any application of thegMs the identifica-
. tion of design and performance variables. Variables may be con-
pia (di) = X5 — [0,1] . . - i
_ tinuous or discrete, numerical or represented by linguistic terms.
A p_reference of 1 denotes a completely satisfactory value of the The model used by the Mwill employ the most important vari-
variable, a preference of 0 denotes an unacceptable value, anchples. An advantage of formalizing decisions is that it allows the
values in between represent intermediate levels of satisfaction.timely incorporation of information that hitherto was not consid-

By treating the preferencgsas a membership function, theoM ered until after the end of a design iteration (when redesign is
can employ the mathematics of fuzzy sets (Klir and Folger, 1988; often the only option).

Zadeh, 1965) to perform calculations on the uncertain variables. The second step is the specification of preferences over the
Performance variableare denoteg;, with j ranging from 1 values of the variables. By treating the specified preferences on
to ¢, and the set of possible valuesjgfis denotedy;. The cus-  these variables as membership functions, th¢ ¢4an use the
tomers preference for values of;, the jth performance vari-  mathematics of fuzzy sets to make calculations on these impre-
able, is called dunctional requiremenand is represented by a  cise variables. The imprecision that arises heunisertaintyas
preference function opy;: to the (best) final value—this imprecision will be lessened as the
tp, (pj) = YV — [0,1] design progresses until the final design is precisely described.

The specification of preference on performance variables logi-
~ > ! A cally precedes preferences on design variables. Preferences on
vectorp € Y, and the set of all design variables és= X.

] g - > performance variables represent targets, and are, at least at the
Each performance variabjg is defined by a mapping; such outset, independent requirements. Preferences on design vari-

thatp; = f;(d). The mappingsf; can be any calculation or  aples are likely to change if there is a change in the functional
procedure to measure the performance of a design, including requirements.
closed-form equations, iterative and heuristic methods, “black The performance variables embody the design task: a de-
box” functions, experiments, and consumer evaluations. When signer must create plans for a device that will satisfy given values
performance and design variables are not all of equal importance,of a number of performance measures. Some performance vari-
each can be assignedveight w,; orwy, . ables arise because of a particular choice of design solution. For
The individual preferences on variables are combined into example, in the course of performing its specified task (providing
an overall preference, by the use of araggregation function  rotational power), an internal combustion engine generates heat,
P: so heat dissipation becomes a performance parameter, although it
Lo =P (fldys@dy s -oos Hedps Dedy s [hpy s Dy 5 -5 Hipg s Dpg ) - is incidental to the primary _function of the automot_)il_e_, which is
to carry a load from one point to another. Responsibility for pro-
viding preferences on the performance variables will depend on
the structure of the company. Ultimately, it is the customer who
has preferences for performance, though the customer is often
not polled directly. (This paper suggests, but does not explore,
fo(d*) = = sup{p(,(cf) | de X} the possibilities offered by the §in market research.) Typi-
cally, market analysts and management teams are responsible for
providing detailed information as to customers’ desires. Simply
formalizing the preferences can resolve many confusions. The
fuzzy preferences contain much more information than a sim-
ple list of target values. They show a full range of acceptable
values, and the relative desirability of values over that range. To-
gether with weighting and trade-off strategy information, they
can tell how much a change in one performance variable is worth
in terms of another variable. Details of the specification of pref-
FORMALIZING NEGOTIATION erence have begn presented prev?ously (Otto, 1992). _
The My has been applied previously as a decision support ~ Design engineers then specify preferences on the design
tool for self-contained design problems. Its extension to facili- variables. These design preferences embody everything that is
tate negotiation between working groups in engineering design not explicitly represented in the calculation of the performances.

entails a broader perspective on the design problem. The design preferences may thus contain the engineers’ intu-
ition about such concerns as manufacturability; in the example

detailed below, style is taken into account as a design preference.
Preferences alone provide only a portion of the relevant in-

The set of all performance variables can be represented as

This overall preference is a measure of the overall performance
of the design when all criteria are considered. The design prob-
lem is thus to identify design configurations that maximize

i.e., designg* such that:

The aggregation functio® reflects the design or trade-off
strategy, which indicates to what degree competing attributes of
the design should be traded-off against each other (Otto and An-
tonsson, 1991; Scott and Antonsson, 1995). The appropriate de-
sign strategy is dictated by the design problem. A design problem
will in general require a hierarchy of different trade-off strategies
which successively aggregate design attributes.

2The functional requirement,; is called the customer’s preference for val-

ues ofp;, even if it is the designer who estimates, . .
’ 4 Copyright(©) 1996 by ASME



formation. Variables are assigned weights that reflect their rela-
tive importance. Trade-off combination strategies (Otto and An-
tonsson, 1991; Scott and Antonsson, 1995) must be determined,
indicating to what extent superior performance in one aspect is
to compensate for lower performance elsewhere. There can be
more than one trade-off strategy in a design with many variables:
for example, one might allow significant trade-off between cost
and weight, but insist on considering safety independently. Even
in cases where two variables can trade-off strongly, an unaccept-
able preference{ = 0) in one variable can never be overcome.
The preferences, weights, and trade-off strategy are used to cal-
culate overall preference for the designs in the design space (Otto
and Antonsson, 1991; Scott and Antonsson, 1995).

A complete specification of preferences on all performance
variables would eliminate the need for negotiation whose sole
purpose is to clarify the functional requirements. Design engi-
neers are generally qualified to calculate the values of the per-
formance variablep;; what they lack is complete information
as to which performance vectgrare to be preferred if one per-

_formtanct:_e vanart])le c?mestm above or bﬁ'%\;\/ tg]rgtet. I 'f. nt(.)t JUSt 45 illustrate the method. Vehicle body design is concerned with
In situations where targets areé unreachable that negotiation en-, ¢ of gesign variables and many performance parameters from

sues, ?'egouatlon can also .belrelquwed because an dengmeerlng‘oise and vibrational response to stiffness to manufacturing cost
group finds one target particularly easy to meet and wants 1o style. For this illustrative example, we will assume that there

k_r:jow er]lerﬁ ;O s_pread grglund the extra flaCk tha.‘;[. v:)alrlable Pro- are only three relevant design variables: pillar gauge, roof and
vides. i all design variables were simply quantifiable, as are g, plate thickness, and fore-aft location of the B-pillar (Fig-

COStl’ dvxée|ght, suffne_ssh, fand sg fo_lf:]h’ _the task O_f forrpahzanon ure 1). There are three relevant performance parameters: weight
would be more straightforward. ellncorpo.rgtlon ot ungquan- (assumed linear with material cost), bending stiffness, and style.
tifiable performances presents a particular difficulty. Managers In the example under discussion, as is often the case in the

or customers may find it difficult to describe their global prefer- automobile industry, style drives the design. Suppose that the car

ences for these unquantifiable variables, and a design may havaDeing designed is not a new design, but an incremental change
to be seen for a level of satisfaction to be determined. This dif- ¢ " 4 it icis hoped improvemen,ton a two-door model pro-

ficulty can be partially surmo;mted by the use of linguistic vari- duced the year before. Here the directive from the stylist is that
ables, Wh'Ch. fuzz_y ma@her_ngﬂcs handles naturally (Zadeh, 1975)'the new look is lower and sleeker: the roof should be lowered,
In situations in which it is unreasonable to expect one group the clearance between the frame and the ground reduced, and

to be expertin another’s field, such as the cases mentioned earliet, ., \.n 4ow opening between the A-pillar and B-pillar should be
of conflicts between design and manufacturing, or between dif- lengthened. In addition to this small but crucial styling change,

ferent design groups, thede;a_n provide a common language the designers are asked to make a 10% improvement over the
for the resolution of contradictions. Two working groups with bending stiffnesgy 7/

dically diff he f i ¢ oref %¢ of last year's model, with the weight’
radically different concerns can use the formalism of preference stay the same, so that the increase in material cost reflects only

as a starting point, so that the issues that one group addresse?hflation. The designers thus have in hand a set of functional re-

can.be taken into account by another group. More deta|leq fqr- quirements consisting of a sketch with some vague explanation,
malisms, such as those to represent particular manufacturing iS-2nd two targets:

sues, will need to be developed in knowledge-specific contexts.
The formali;m of preference by thegvprovides a common lan- KW > 1.10K94 and Wnew < yyold
guage for discourse.

At each stage or iteration of the design process, the for- Finite element analysis is used to evaluate candidate designs for
malization of decision-making documents the process. In many performance with respect to the two hard targets, and the atten-
cases, the decision will include a redesign, with perhaps a modi- dant solid model will provide sketches for managers or stylists to
fication of preferences on performance variables. In the redesign, evaluate the aesthetic impact.
with greater information and more analysis, preferences on de- Even in this quite simplified problem, there are already sev-
sign variables are likely to change as well. As working groups eral issues that can be modeled as negotiation. Weight and stiff-
familiarize themselves with the method, the results of the infor- ness will tend to increase together, and the trade-off between

A-pillar D-pillar
C-pillar
B-pillar

hinge pillar

Figure 1. Schematic of the car body

mal negotiation can be compared to the formal answer produced
by the analysis of the M. With greater familiarity, the calcu-
lations of the M)l serve as decision support. One of the many
advantages of using thedvis the clear record of decisions and
rationales that it provides.

EXAMPLE
A simple example of an automotive design problem will help
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these facets of performance is an example of a case where, al-
though there may be only one designer, there is a conflict be-
tween aspects of the design that can be formally modeled as a
negotiation. If the target of a 10% improvement over the bending 08 1
stiffness of last year’s model turns out to be difficult to achieve,
a negotiation between engineers and managers will ensue. The
incorporation of the styling requirements is probably the most
clear-cut example of the need for negotiation, since the engineers H
who effect the design will need to consult with the stylists as to 0.4 i
the suitability of a completed design. In this illustrative exam-
ple, we ignore many complications, notably the consideration of
manufacturing concerns at the design stage. These additional
complications would be addressed formally in a similar manner.
The first step in the formalization of the problem is the ex- 0.0 w w w
pression of more complete preferenge$K ) and 1, (W) in 0 E)Ogonoding Stifness (Iba}(i)?wO()) 40000
place of the given hard constraints on the performance variables. o
Figure 2 shows preferences on the two performance variables.
The information contained in these plots already provides the

1.0

0.6 - b

0.2 r b

possibility for sensible trade-offs between the two using the for- 1.0 i
malisms of the M. Figure 3 shows the overall preference for
and K in a three-dimensional plot; the vertical axis is the com- 08
bined preference using a compensating aggregation function: sl i
1

fo = (pip(KB)p(W))? T ]
Thus any two or more candidate designs can be compared by 04 | i
examining the combined preference for the two performafices
andKp. 02 | |

The problem is more complicated, of course, because a de- '

sign is not judged on the basis of weight and bending stiffness
alone. Even if the design team is able find an “optimal” design 0o, 1000 2000 3000 2000
in the sense of maximizing the combined performance shown in weight (Ib.)

Figure 3, other aspects of the design’s performance, such as the Figure 2. Performance preferences 1i,(K ) and pu, (W)
style, will need to be taken into account, and it is likely that this
will be done through an informal negotiation.

In this case the engineers have a simple measure that can It is naturally not possible to represent the effects of all de-
guide them in their work. The stylists have expressed a prefer- sign variables on a single graph, but the effects of one or two
ence for a wide window opening; this is interpreted as a prefer- design variables (with others held fixed at some nominal values)
ence to locate the B-pillar as far aft as possible. This preference is are easily plotted. Figure 5 shows the overall prefergngelot-
shown in Figure 4 (the x-axis represents inches aft of center, with ted for various B-pillar locations, with the other design variables
negative numbers being to the fore of center). Since this prefer- held fixed. It is interesting to note that the optimal value for
ence is expressed on a design variable (B-pillar location), e M weight and bending stiffness alone is for the B-pillar location to
treats it as a design preference. The location of the B-pillar will be near center. Although bending stiffness is decreasing as the
affect the bending stiffness; this will appear in the finite element location moves further aft, reconciling the stylists’ preference for
calculation. There may well be other preferences for B-pillar lo- a wider window requires some compromise in bending stiffness.
cation, for example, manufacturing concerns. The computations
of the Myl take into account all of this information, with the pos-
sibility to assign weights and hierarchies. The overall preference CONCLUSION
for a design, calculated by thedM thus contains the analysis The issue of negotiation between engineering groups has
that has been performed (in this case, the finite element analysis)been described and discussed. Different negotiation situations
as well as preferences for the aspects of the design, such as stylethat may appear in industrial design settings have been consid-
that are not calculated by the analysis tools. ered. The application of thediin these situations has beenillus-
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K_B

400000

Figure 3. Combined preference p,(Kp, W)

1.0

0.8 - b

0.6 - b

04 r B

0.2 - b

0.0 L L L L
-5.0 -3.0 -0 10 3.0
B-pillar location (in. aft of center)

5.0

Figure 4. Stylists’ preference for B-pillar location

trated, and the benefits of such formalism have been discussed.

The Mgl has been developed previously for engineering de-

1.0

0.6 - 3

04 r B

0.2 r b

0.0 L L L L
-5.0 -3.0 10 10 3.0
B-pillar location (in. aft of center)

5.0

Figure 5. Overall preference for different B-pillar locations

those of the authors and do not necessarily reflect the views of
the sponsor.
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