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Capturing a rebel: modeling the Harley-Davidson brand through

a motorcycle shape grammar

Michael J. Pugliese, Jonathan Cagan

Abstract The potential for capturing brand identity

within a shape grammar is discussed. A two-dimensional
motorcycle shape grammar is presented, along with con-
straints that associate the resulting designs with the Har-
ley-Davidson brand. Confirmation of the grammar’s brand
representation is shown through a customer-based survey.
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Introduction

Shape grammars (Stiny 1980) have been used to design
buildings and patterns that exemplify various architectural
styles (Stiny 1977; Stiny and Mitchell 1978, 1980; Koning
and Eizenberg 1981; Knight 1986), to plan the manufacture
of a component on a lathe (Brown et al. 1994), and to
generate designs of domes (Shea and Cagan 1997), artifi-
cial hearts (McCormack, Cagan and Antaki as described
in: Cagan 2001), automobile inner hood panels
(McCormack and Cagan 2001), coffeemakers (Agarwal and
Cagan 1998) and more. These grammars have served as
tools for creating new designs that satisfy structural and
functional requirements. Few grammars have focused on
the generation of consumer products, and none have
focused on using shape grammars to establish and main-
tain product brand characteristics through generated de-
signs. This research examines the feasibility of using shape
grammars to capture brand identity and to generate
product designs that exemplify elements associated with
the core brand.
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Few products have come close to establishing such a
powerful and unique brand as that of Harley-Davidson. It
is this brand identity that has sustained the company and
captured the American imagination. This paper will use
Harley to explore the representation of brand through
constraints upon a more general grammar, as well as the
sensitivity of the brand to softening of these constraints. A
shape grammar that generates abstracted two-dimensional
motorcycle representations and the constraints that
capture the essence of Harley have been developed,
applied, and tested against customer perception of the
Harley- Davidson brand. The focus here upon visual brand
image and shape motivates the use of shape grammars
over other production systems.

Shape grammars

A shape grammar (Stiny and Gips 1972; Stiny 1980, 1991)
is a form of production system (Stiny and Gips 1980;
Agarwal and Cagan 2000) that derives designs from suc-
cessive application of shape transformation rules upon
some evolving shape, starting from an initial shape (Stiny
1980, 1991). In particular, given a finite set of shapes (S)
and a finite set of labels (L), a finite set of shape rules of the
form o«—f transform a labeled shape o in (S,L)" into a
labeled shape § in (S,L)°, where (S,L)* is the set of all
labeled shapes made up of shapes in the set S and symbols
in the set L and (S,L)° is the set that contains, in addition
to all of the labeled shapes in the set (S,L)", the empty
labeled shape <S,,¢>.

Parametric shape grammars are an extension of shape
grammars in which shape rules are defined by filling in the
open terms in a general schema. An assignment g that
gives specific values to all the variables in « and f deter-
mines a shape rule g(«)—g(f5), which can then be applied
on a labeled shape to generate a new labeled shape.

Initial exploration of shape grammars by Stiny focused
on describing and recreating architectural styles, including
Chinese lattice designs (Stiny 1977), Palladio-style villas
(Stiny and Mitchell 1978), and Mughul gardens (Stiny and
Mitchell 1980). Several others followed, most notably
recreating the prairie homes of Frank Lloyd Wright
(Koning and Eizenberg 1981). In developing production
systems that could both recreate existing models and
generate new examples of specific architectural styles,
these grammars offered an early indication of the capacity
for capturing brand within a shape grammar.

Research soon shifted toward application in engineer-
ing design and focused on developing shape grammars
that created designs from functional requirements. Cagan

139




140

Res Eng Design 13 (2002)

(2001) contains an extended discussion of engineering
applications of shape grammars.

Agarwal and Cagan (1998) presented a shape grammar
for the design of coffeemakers that displayed the first use
of shape grammars in designing consumer products. Their
grammar allowed designers to translate functional re-
quirements into design parameters, using function to
constrain a form. Labels and geometry associated with
applied rules further related the generated design to the
manufacturing parameters and costs necessary for its
physical production (Agarwal et al. 1999). This grammar
was used to generate new designs as well as to recreate
several existing models, including those of Braun, Krups,
Black & Decker, and Proctor Silex. The coffeemaker
grammar hinted that shape grammars could be used to
ensure the satisfaction of product brand characteristics, by
identifying certain rule and parameter choices that defined
the more expensive coffeemaker brands versus others for
the simpler ones. This paper takes the next step, present-
ing a shape grammar for generating motorcycle repre-
sentations that may be constrained to capture the identity
of the Harley-Davidson brand.

Product brand

Aaker (1996) describes brand identity as “a unique set of
brand associations that the brand strategist aspires to
create or maintain. These associations represent what
brand stands for and imply a promise to customers from
the organization members...by generating a value propo-
sition involving functional, emotional or self-expressive
benefits.” Engineers often believe that brand is left for the
marketing people to take care of. Cagan and Vogel (2002),
however, argue that the core to a successful brand is the
product itself, and thus engineers and designers must be a
strong part of the brand creation. They argue that a great
advertising campaign cannot create a strong brand around
a poor product. On the other hand, although a great
product may still take advantage of an innovative, mem-
orable, and costly advertising campaign, the emerging or
enduring brand will only succeed if the product itself
meets the “needs, wants, and desires” of the customer.
Some companies have succeeded with very little advertis-
ing and a strong product. Starbucks, for example, spent
less than ten million dollars (US) total in advertising in its
first ten years of major growth; instead it relied on word of
mouth to keep quality standards for its product as part of
its core brand message (Schultz and Yang 1997).

The two main challenges are for engineers and stylists
to have at their disposal the tools to help understand, ar-
ticulate, and maintain product brand, and a means for
engineers, designers, and brand strategists to have a
common platform to discuss the branding of a product.
We propose in this work that shape grammars are an
approach that can meet these two challenges. This paper
takes the first step to explore our thesis by modeling and
representing a classic brand identity through constrains in
a shape grammar and using that representation to generate
products that meet that brand identity. We then explore
what features of the brand can be softened before the core
identity is lost.

The motorcycle product class

Motorcycles have a sufficiently long product history that
allows one to study the evolution of their designs and use
as products. Use has undergone a dramatic shift from
basic transportation to a form of recreation and a sign of
lifestyle and status. This has increased the importance of
motorcycle form relative to its performance, yet it remains
a complex machine that contains several distinct compo-
nents exhibiting various levels of technology. It consists of
far fewer components than other transportation products,
such as automobiles or aircraft, yet is still differentiated by
style as with cars. Despite a good deal of diversification,
motorcycles share the same basic layout, which suggests
the feasibility of a motorcycle grammar.

The components of a motorcycle can be discussed
through a simplified look at five main systems: the engine,
transmission, wheel, structure, and control. The engine
system includes fuel delivery and storage, intake, exhaust,
ignition, combustion, and cooling subsystems. There are
alternative means of performing each of the subsystem
tasks. For example, cooling may involve the use of a ra-
diator, the addition of fins, or the channeling of liquid
about the cylinders. Fuel is generally stored within a fuel
tank of variable size, shape, and location; however, some
extreme-condition racing motorcycles have chosen to
channel fuel through their frames. Fuel delivery is gener-
ally performed by means of carburetors or electronic fuel
injection. Combustion may involve a two or four-stroke
process and includes variables concerning the number,
size, and orientation of each cylinder, as well as additional
ignition and air-management issues. The transmission
system includes the clutch, gearbox, and both the primary
and final drives. Here the most interesting variable is the
means chosen for the drives: shaft, chain, or belt. The
wheel system includes the wheels, tires, and brakes. Here
the size and type of wheel, generally spoked or cast, offer
powerful elements for altering the motorcycle’s look and
image. The structural system includes the frame (or
chassis), the suspension, and the seat. The frame may vary
in shape and in the means used to support or suspend the
engine. The suspension can vary in the type of front fork
used and in the type of connection between the rear wheel
and the main body of the frame. The seat varies in size,
shape, and orientation, with minor position changes. The
control system includes the handlebars, instrument panel,
and less-prominent components such as the starter, clutch
lever, gear shift, brake levers, and throttle control. A rep-
resentative sample of the above is used in the grammar.

Evolving consumer preferences for form and image
have significantly shaped motorcycle design. Rather than
progressing toward a uniform collection of the latest and
most technologically advanced components, motorcycles
have continued to diverge. Several alternatives were de-
veloped for various motorcycle components. Often it was
not clear which alternative provided optimal performance,
requiring a more subjective selection process. Several
manufacturers quickly developed characteristic design
preferences that they have since maintained. Certain ele-
ments appear so routinely from specific manufacturers
that these motorcycle makers are frequently referenced to
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explain the design elements. For example, Ducati displays
the Desmodromic valve system, the 90-degree “L-shape”
engine layout, extensive use of cowlings, and “classic
Italian styling.” Another example is the “Boxer” engine
layout in which cylinders are opposed, extending trans-
versely outward from the frame; although they were not
the first manufacturer to use this layout, BMW has become
synonymous with the term “Boxer” in the motorcycle
world. The appearance of many manufacturer-specific
design elements suggests that certain key component
choices could provide sufficient means for identifying a
brand among motorcycles.

The Harley mystique
If it is possible for a shape grammar to produce designs
that can be associated with a particular brand, it must be
possible to do so with products that have the most pow-
erful and well-established brand identities. A study of
motorcycle brands quickly reveals that authors and own-
ers hold Harley-Davidson in a unique light, with great
respect and distinction. The name alone conjures up a
mythical image of power, rebellion, and classic style in any
American that hears it as well as many people worldwide,
witnessing to the strength of the Harley-Davidson brand.
Harleys offer a more powerful look, sound, and feel;
they tend to use more traditional components, such as belt
drives and carburetors with air-cooling and no cowling.
They have chosen to retain many characteristic design
elements over time in an effort to maintain the purity of
their brand. These design elements, the similarity across
its models relative to that of other manufacturers, and the
legendary image that Harley-Davidson continues to hold
suggest that Harley is a strong candidate for modeling
within a shape grammar.

Anatomy of a Harley
Much of the rebellious spirit associated with the brand, the
motorcycles, and their riders may be a state of mind that
offers both a sense of natural freedom and of brotherhood
with other Harley owners around the world. Some of this
may come from the motorcyclist’s intimate connection
with the open road and the surrounding environment.
Much of it may be a result of the 1947 Hollister Riots in
California, the subsequent press coverage, and movies
such as The Wild One and Easy Rider, which portrayed
motorcyclists as large, tough, and dangerous outlaws clad
in black leather and tattoos. Although the rebellious image
was at first discouraged and downplayed, the company
later learned to embrace it. Today, a more peaceful image
has replaced that of the outlaw; however, the brand still
retains its sense of freedom, power, and brotherhood.
Although the rebellious spirit cannot be quantified nor
the sound visually represented, the style (Fig. 1) - a raw,
tough, and powerful mechanical look - of the Harley-
Davidson motorcycle can be broken down, defined, and
replicated. The ability to mimic the Harley look has been
demonstrated repeatedly by large numbers of competitor
motorcycles. For example, compare the 2002 Yamaha
Midnight Star and Honda Shadow series with Harley’s 2000
FLSTE Fat Boy. The engine, fuel tank, seat, headlight, and
even fenders bear dramatic resemblance. We have identi-

fied what we believe to be the critical visual elements that
establish the core of the Harley brand. This brand identity
may be coded within a shape grammar by incorporating
the critical visual elements into constraints upon the rules
and parameters of a more general motorcycle grammar.

At the heart of every Harley-Davidson motorcycle is a
45-degree V-twin four-stroke engine — never covered by
cowling, fuel tank, or added ornamentation; an elliptical
air filter occupies the empty space between cylinders, but
never obstructs their view (Fig. 2). The centerline between
cylinders is vertical, with each cylinder canted 22.5 degrees
away from it - one pitched forward, the other back. The
engines use a single crankshaft, which can generally be
recognized by a circular cap visible at the base of the frame
and in line with the centerline of the V. This configuration
has provided so much more than an enduring visual ele-
ment, as it yields both the characteristic sound and
thumping feel that have made the motorcycle legendary.
Unlike many competitor motorcycles, Harleys do not use
radiators, which would hide the engine (when viewed from
the front), but rely upon natural air cooling. Traditional
components are often retained, such as belts for power
transmission and carburetors for fuel delivery (although
fuel injection is now used on select models).

The powerful engine is always shown off in a long, low,
rigid-style cradle frame. The frame suggests power and
speed. A profile of the frame exhibits a low and unadorned
rear section. The much more prominent forward section is
high, wide, and robust; it presents a sense of power and
muscle that is carried through in the engine and fuel tank
attached to it. As seen in Fig. 3, the frame resembles a sca-
lene triangle with a small rear angle and a forward-leaning

Fig. 2. The famous 45-degree V-twin engine
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Fig. 3. Low, triangular cradle frame
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Fig. 4. Teardrop fuel tank and triangular instrument panel

segment to the right. This characteristic frame can be seen in
one of two styles, the “softail” or “hardtail”’; however, the
hardtail holds a stronger connection with the brand. The
wheelbase is typically long, especially in models more
faithful to brand. The front fork, fenders, and tires, along
with the unique frame, all establish a sense of robustness
and power through the use of wider, thicker dimensions.

Riding along the powerful frame, Harley-Davidsons use
a classic teardrop-shaped fuel tank that is critical to the
brand. The lower edge of the teardrop is horizontal,
aligning with the upper edge of the engine - never hiding
the cylinders nor revealing a significant gap (Fig. 4). Behind
the fuel tank lies a seat that tightly hugs the motorcycle
frame, often exhibiting an ergonomically cupped shape.
The shape, orientation, and surface lines of the seat help
accentuate the low, angled look of the frame. Ahead of the
fuel tank rests an elliptical, or domed, chrome headlight.

Harley-Davidson motorcycles use large wheels that are
generally spoked, not cast. The rear wheels are stereotyp-
ically smaller in diameter than the front, although some
models use the same diameter for both. Thick high-profile
tires are generally used, with an often much thicker tire to
the rear. Fenders always overlap the tires so that they do
not reveal a vacant gap. Although many varieties of fender
are common on Harley-Davidsons, there is one style of
front fender that is very strongly associated with the brand
(Fig. 5). This front fender shape resembles the lowercase
letter “r,” with a rectangular rear edge and a curved upper
surface that meets a flat edge above the front axle hub.

The most critical elements are the 45-degree engine, the
overall low, triangular-looking frame, and the teardrop-
shaped fuel tank. Certain front and rear fender treatments,
a large triangular-profiled instrument panel above the fuel
tank (Fig. 4), thick casting around the headlight, and other
features offer additional elements that are strongly asso-
ciated with the Harley-Davidson brand. Although these
features do not appear on the majority of Harley-David-
sons, they further distinguish a motorcycle as a Harley.
Push rods and certain exhaust pipe layouts are tertiary
features of the brand, purposely excluded from our dis-
cussion to maintain a higher level of abstraction.

Fig. 5. Classic Harley-Davidson front fender treatment

The motorcycle grammar

This research explores the feasibility of capturing and
representing brand within a shape grammar and uses
that representation to explore the sensitivity of brand to
minor and major variations. Our focus is on Harleys,
but we begin by developing a general motorcycle
grammar capable of generating a broad but restricted
set of motorcycle types. It does not, however, generate
only Harley-Davidson models. In addition, add-on part
features such as fairings, cowlings, saddlebags, addi-
tional seats, and other accessories have not been in-
cluded. The grammar can readily be extended to
include an even broader class of motorcycles or set of
features.

The motorcycle shape grammar consists of a set of 45
parametric rules that create an abstracted profile view of a
motorcycle, in a two-dimensional Cartesian coordinate
plane as presented in Figs. 6, 7, 8, 9, 10, 11. Although these
rules have not yet been coded for computer implementa-
tion, they enable manual application as carried out here.
The grammar starts with an empty space, adding compo-
nents as rules are applied. To ensure that the proper
number and assortment of components are added, labels
are used to regulate the designer’s rule selection. Each rule
adds, eliminates, or replaces the labels assigned to a de-
veloping design such that it regulates which rules may be
applied next.

Rules allow for the description of several key compo-
nents, such as:

—_

. wheelbase;

. wheel size;

. tire size and thickness;

. fender shape, size, and orientation;
. frame type (rigid, soft, or stressed);
. crankshaft size, shape, and position;
. cylinder number and orientation;

. air filter shape and size;

. fuel tank size, shape, and position;
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1 Initial Shape: Rear axle (Axr) y

L.

Axr

No input is required. Axr is defined along the Y-axis.

2 Establish Yheelbase

—> F

Axr Axr Axf
Lk N
N -1

Input: Axf=X coordinate of front axle, this defines the wheelbase

3 Establish wheel size & tire thickness

(0,4"RTod) (Axt. 5" Tod)

S s R

Input: FT;q=Front Tire Inner Diameter, FT,q=Front Tire Outer Diameter, RT4=Rear Tire Inner
Diameter, RT,q=Rear Tire Outer Diameter. All values must be greater than zero and od > id.

4 Add front fork

T
£
Fe > F3
s R .
TE

Input: T1=upper fork thickness, T2=lower fork thickness, TE=ratio of upper to lower fork
segment length, S=height of handles, and R=Rake angle. Only R and TE may equal zero.

Fig. 6. Rules 1-4 establish wheelbase,

wheels, and tires

10. fuel cap and instrument panel;
11. seat;

12. handlebar;

13. headlight;

14. taillight.

The first four rules must be applied in all designs, and
establish the wheels, tires, and front fork (Fig. 6). Rule 2
allows the user to define the wheelbase. Rule 3 creates the
wheels and tires based on four dimensions given by the
designer. Rule 4 allows the designer to create various types
of front fork, to define the rake angle, and to set the po-
sition of the handlebar.

Rules 5 through 16 deal with formation of the mo-
torcycle’s frame (Fig. 7). Rule 5 offers the designer’s first
opportunity to select a rule for application, as the de-
signer may opt to use rule 5 or rule 14 to begin con-
struction of the frame. Rule 14 is the first step in the

series of rules 14-16, which create a stressed frame, such
as those used in many dirt bikes. The stressed frame
suspends its engine from elements that lie above it. Rule
5 is the first step in creating either a “hard” or “soft”
style cradle frame, which can then be carried out with
one of the series of rules 6-8 or 9-13, respectively. Cradle
frames have elements that lie below the engine and ex-
tend toward the front fork, wrapping around the engine
to support and hold it in place. Both types support the
engine; however they differ in rear suspension and con-
struction. Soft frames have a swing arm connecting the
rear wheel to the frame downtube, whereas the hard, or
“hardtail,” frame has its downtube directly mounted to
the rear wheel hub.

Rules 17 through 19 allow the designer to create an
engine profile (Fig. 8). The designer defines the dimen-
sions of the crankshaft housing with rule 17. Rule 18
determines the number of cylinders, their height and
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5 Create Cradle Frame: add base segment

O

Input: X1=left end, X2=right end, G=Ground clearance, T=Thickness. All values must be
nonzero. Segment must lie between the tires; (Axr + 0.5-'RT;q) < X1 < X2 < (Axf— 0.5-FT,q4).

6 Create Hard Cradle Frame: connect base to rear axle

F4 F3

G—

No input is required.

7 Create Hard Cradle Frame: connect base to fork

Thase
—
FS ] M F6

Trase=Thickness of Base tube, as defined by designer in rule 5

8 Create Hard Cradle Frame: connect rear axle to fork

@J@“ - @ﬁ%

No input is required.

9 Create Soft Cradle Frame: add rear swing arm

F4 FSk

©— —

Alternate to step #6. Assign: S=label for swing arm.

10 Create Soft Cradle Frame: connect base to fork

F5h 725 FBh
%
<H
i ;E% %S N

Toase=Thickness of Base tube, as defined by designer in rule 5

Fig. 7. Rules 5-16 establish the frame






