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When planning a top-down project in Pro/ENGINEER, what are the two most difficult
concepts to implement? Defining the project structure and capturing design intent.

In the last issue of Pro/files, David Paulson of Mechanical Advantage LLC explained
the why's and how-to’s of using Layouts to capture design intent. This article follows
up with a valuable guide to defining structure, taking you through a series of six plan-
ning steps with an actual product design project.

If you'd like to learn more about top-down design techniques, be sure to attend
Thomas Braxton's presentation at the 2000 Pro/USER International Conference.

Mapping Your Good Intentions

By Thomas Braxton of Matorola

- This planning tool is a graphical representation
'(__)f the exlernal references used o capture design
ntent. With this informalion, project planners
have everything they need to develop a project
structure that supports the design process. The
inlent map also leads to the synthesis of design

4. Intent that follows the workflow of the project.
%’This concepl is scalable and supports projects of
3 any scope. Note that the intent map
does NOT define the design

process or workflow.

Employing intent maps lets you
create “design assemblies” that
provide access to the relevant

i ~design information required to

» build a Pro/ENGINEER object.
These design assemblies make
managing external references less
cumbersome. You only have to
retrieve the design assembly for a
component lo make available much
of the data required to complete the
design. This relieves the designer
from the overhead associated with
other parts of the project.

Common Planning Pitfalls

External references create a parent/child rela-
tionship between two or more Pro/ENGINEER
objects. Most of you are familiar with the prob-
lem of unwanted dependencies. Where planners
often make mistakes is in populating a vertical
(as opposed to flat) project space with design
manager skeletons, creating unnecessarily long
dependency chains. These dependencies can
interfere with realizing the [ull potential of a
top-down design approach.

Another common pitfall in defining project
structure is to build assemblies (structure)
based on geometric constraints. These are usu-
ally a reflection of how a design fits together
physically or possibly an arrangement derived
from manufacturing considerations. In many
cases, this approach may also impede effeclive
top-down technique.

Yet another problematic practice is to use a top-
level (all-encompassing) assembly. Because
design inlenl is passed through a conduit of
design manager skeletons, this approach fre-

Continued on page 1
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Intent Maps

Continued
Jrom page 3

Layout

Master

quently results in long dependency chains—
precisely what we want to avoid. In facl, having
a single Pro/E assembly serve as “the” Lop-level
object for a design is not only unnecessary but

also undesirable.

Layouts are one answer. If equations can define
high-level design intent (affecting two or more
components), using the layout as a top-level
object will enable the elleclive application of
relations to Pro/E objects. The layoul is a repos-
itory for global parameter definitions, which can
be accessed by other Pro/E objects directly
through declaration. Alternatively, if you have
to capture geometric information that is not
readily defined by equations, you can use a ref-
erence geomelry object—e.g., master models

and skeleton parts.

Part
(Master)

Sample l
intent Map
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Master/Slave Paradigm

Top-down design assumes that the project is
structured in tiers, with each tier having at least
one Pro/E object. If there is more than one
object in a lier, they become “peers” in the
structure. It's important Lo avoid siluations
where peers drive one another since this creates
circular references.

The answer is to establish master/slave relation-
ships to manage design intent. In the sample
intent map shown below, the Pro/E objects are
linked by lines indicating the functionality used
to capture and propagate design intent from the
master object(s) to its slave(s).

To develop this structure, you first need to gather some
information for each component of the design.

& /dentify and list the subsystems to be
designed.

Identify and list the components of
each subsystem design.

Identify and list known relationships
between the subsystems and compo-
nents using the design specification.

Identify information that will drive the
design data reguirements (which
establishes the master/slave paradigm
for design intent).

Referning to the known relations docu-
mented in step 3 and the master/slave
paracigm established in step 4, deter-
mine the best tool in the Pro/E environ-
ment fo capture design intent.

Lreate an intent map for each
subsystem.
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Applying the Process

In my product development group
at Motorola, the design phase of a
new project typically begins when
marketing supplies engineering
with a product description (PD)
and an industrial design (ID) con-
cept. The PD outlines the volume,
weight, finish and the like, while
the ID concept attempts to cap-
ture a form factor that will appeal
to end users. These two bodies of
information provide the design
specification used to
build an intent

map for the sub-
systems of the
phone.

The follow-
ing example
maps the
intent for a
new monolithic
or “candy bar”
form factor. It is
an established part
of our design process
to build a master
model that captures the
form or shape of the prod-
uct based on the industrial
design concept. We also use

the master merge process to pro-
duce derivative models from the
master model. | point this out to
reinforce the importance of having
a grasp on the design process and
workflow to building a useful
intent map.
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J‘denttfy anr! list the subsystems to be des:gﬂed

We can tmmedlately identify the ﬁﬁhmmg
subsystems as requiring design activity:

L Front housing
2. Back housing
3. Battery door
4. Display system

5. Antenna
6. Circuit board
7. Keypadcontrols

» components consisting each

'uh&»ystem As more mfur—
-you can add to lhis s

Based on the dt"ﬂgn spﬂ iﬁcatmn, wc have a gm:d
idea that the }o]lowmg componem-. mll he pclrt csf
the front housmg syatem G i

Subsystem: Front fwusmg
compﬂﬂﬂnfs S i

i ant hﬂusmg
2 lens

3 Bezel G .
4. 'Kefpad/contmfs Lo

Identify and list known relationships between the sub-
systems and camponents usmg the des:gn spec:fmafmn
The. goal of t.hlb eritical step is to hst the mforma.{lon ...;:

reqmred Lo demgn the componenls Caplurmg relalwely
h;gh-lf-\ (—*I de'-ﬂgn mpl;rts is suﬂxuenl at lhm pnmt

Companent Front hausmg :
Beszgn data reqwremenrs

Users that know Pro/E
well and have a grasp

1 0urershape Gl
e Matmggeamtry SR i
3. Parting surface G

of how the team will

4. Control !acatmns accomplish the
o PCB anenratmn and !acarmn ' it
vise step 3.

o Location of key companents on the PCB
7. Display location '
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Intent Maps

ntinued
from page 5
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i bféé-teféaffntén_t_inag for each 'SUbSﬁs_fém-' G

The power of intenl mapping becomes
obvious when you've applied this
process to all components of the subsys-
tem. When completed, the intent map
vields one or more design assemblies that
will support the design and development

of the front housing subsystem.

that provides a propagation path from the
masler objects to the slaves. Fach design
assembly also enables the exchange of
design intent between peers. The design
assemblies should represent a minimized
(although probably not globally) set of
components needed to work on a given

subassembly or part in Pro/E.

Assuming the same person will handle
the design of the [ronl housing, bezel, and
lens, we should make all these parts
available in a design assembly. This is

necessary Lo build the appropriate strue-
ture. The intent maps for the bezel and
lens reveal that the front housing is a
master object to these parts—another
good reason [or them Lo exist in the same
design assembly.

~ Front Housing
- Component
_—

~ Front O S e G s Hotising
Housing & mam 4 : s :

Front

The intent map thus reveals a structure \ Yy Housing

: 3 : T ] ! Front
where knowledge of the design process is & Housing

Continued on page §



Intent Maps

Continued
Sfrom page 7

Using the intent maps, we can
now construct the design assem-
bly that will be used to develop
the three parts. We'll add the
design manager skeleton in case
it’s needed later. We'll also make
an arbitrary decision not to
assemble the keypad. since
another team member will be

designing this component.

Note that the master model (ref-
erence geomelry for the phone
shape) is assembled to the
design assembly for the front
housing. This minimizes the
dependency chain of relerences

made by peers in the assembly.

The front housing has an estab-
lished reference through the
masler-merge technique. By
assembling the master model in
any working assembly where it
may be referenced, other com-
ponents have direct access to
the geometry of the master 1D
model—a big improvement over
placing it in a higher-level
assembly and then passing the
geometry through design man-
ager skeletons.

Reusing the Assembly

You can readily reuse the com-

ponents of this design assembly

withoul the legacy of a huge
assembly. To do so, though, it’s
worthwhile to define the refer-
ence scope of the components.
For example, il you wanl 1o
have the assembly stand alone
so that it can be reused in
another design space with pre-
dictable behavior, vou should
probably limit the relerence
scope of these objects to the

current-level assembly. The
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Design Assembly for the Front Housing, Bezel, and Lens

“Part

design manager skeleton will
be able to reference the next-
higher-level assembly if one
exists in the structure with the
scope conlrol set Lo currenl-

level assembly.

Reconsider Conventional
Wisdom

I[ 1 could impart a single idea
to Pro/ENGINEER users about
top-down design, it is 1o mini-
mize dependency chains. By
doing so, you will almost cer-
tainly end up with a better
environment in which to design

collaboratively using Pro/E.

The intent mapping process
challenges the notion that

design manager skeletons are

Skeleton

Front
Housing

Lens

Bezel

Skeleton

the preferred solution for man-
aging external relerences in a
top-down environment. After
applying some of the techniques
presented here, you may agree
that you have created a project
structure that is better tailored
to both the people and process

involved. ¢

Thomas Braxton is an engineering
section manager with Motorola, work-
ing as part of a team developing next-
generation wireless handsets and infor-
mation appliances. A Pro/E user since
Release 13. he also serves on the Pro/-
USER Industrial Design and Surfacing
Technical Committee. Some of his cur-
rent research interests are in the areas
of surfacing. process improvement, and
customization of the Pro/E environ-
ment. He can be reached via e-mail at

thomas.braxton@maotorola.com.



