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Abstract

This paper presents an introduction to the Design History
Tool. This tool is a computerized design history that captures,
represents, and plays back important information generated during
the process of designing a mechanical system. This tool not only
represents the final design results, but also the constraints
developed and decisions made in the evolution of a product from
initial specifications to final detailed design. This tool allows
design, management, and manufacturing personnel to query design

artifacts, design evolution,

design rationale and alternatives

behind each decision, and constraint dependencies among design

objects.”

I. Introduction

When the design of a product is
completed, its final form is usually recorded
2s a collection of drawings with attached
notes. This design information is then used
to support twoe major activities: (a)
communication (with ather designers,
manufacturing, management, marketing, etc.)
and (b) as a data source in redesign or design
of similar products. In current practice,
these activities often fail, because there is
not enough information in the final drawings
and notes to answer all of the questions that
arise. In particular, manufacturing engineers
often have difficulty understanding the
importance of a specific feature or parameter
from the drawings. Additionally, design
engineers working on similar products at a
later date frequently must start over, because
they can't understand the old design
documents.

It has been speculated that redesign and
design understanding would be significantly
improved if the final design included much
more information about the "history" of the
design process [Brown, 89, Ullman, 87]. This
history could include information about why
each component was included in the design,
what alternatives were considered and why they
were rejected, and how each of the product
requirements was satisfied by the design.

Today's CAD systems provide an excellent
means of representing and communicating the
final design specification, but they lack the
ability to recount the process that leads to
the final product and information on decisions
and constraint developments. Design notebooks
can be used to record some fraction of this
missing information, but they are often
incomplete, difficult to interpret, and
private. To improve these forms of design
records, Oregon State University's Design
Process Research Group has been concerned with
the development of a computer-based Design
History Tool. This Design History Tool

developing a

records, represents, and plays back the
evolution of the product's design along with
the constraints and decisions that led to the
final configuration.

In Section II of this paper, the concept
of a design history and the purposes for
Design History Tool are
presented. This is followed in Section III by

a discussion of the methodology used. In
Section IV, an overview of the Design History
Tool is presented. This 1is followed in

Section V by a discussion of design history
representation. The four browsing facilities
provided by the design history tool for
querying the design information are
illustrated in Section VI. Finally in Section
VII, conclusions and plans for future work are
presented.

II. The Need for Design History in Mechanical
Design

A design history is a means of recording,
storing, and reviewing the important
information generated during the process of
designing a mechanical component or system.
The design is recorded and represented so
that, not only can the initial and final
states of the design be reviewed, but also all
the important intermediate states as well.
The evolution of designing a mechanical
system, an individual component in a large
system, or a feature of a component, can be
traced from the initial design specifications
to its final, manufacturable form. Maintained
in the knowledge base are all the major
decisions and constraints developed throughout
the design process. This includes information
on features of the design that were rejected
by the designer as well as the reasons behind
their rejection. Within the knowledge base,
it is possible to determine such things as
decision making processes, constraint
dependencies and design evolution. Thus, with
the aid of a design history all important
aspects of the design and its development
process can be inspected either during the
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design. process or after its completion.

The primary purpose of developing the
Design History Tool is to aid both design
understanding and communication. Most design
understanding is acquired through questioning
and conjecturing about information on design
drawings, hardware, or the knowledge of other
engineers. Since the design history provides
not only the "what" of a final design, but
also the "how" and "why" that were involved in
reaching that design, by providing a tool that
supports the direct querying of a design,
comprehension can be made more expedient and
more complete. Communication is also
facilitated by quickly and efficiently
browsing a design from any desired viewpoint.
A design manager can evaluate a design by
examining not only the final detailed design,
but also the steps that were taken to reach
it. Engineers working on related problems can
examine each other's work and focus directly
on only those specific aspects of the design
that affected them. :

Another reason for the developing Design
History Tool is to support the redesign
process. A design 1s often modified many
times during its life span, and frequently the
modifications are not made by the original
designer. By incorporating the Design History
Tool, the process of redesign can be greatly
anhanced. Not only can an engineer understand
how a design came into being, he can also
inspect the c¢onstraint dependencies and
relations. These in turn give insight on how
the design will be affected by changing or
modifying an existing constraint. The overall
effect will be to decrease redesign time and
improve the final design, since the designer
will know both the source and reasoning behind
all previously made design decisions.

The design history involves both
symbolic and numeric information manipulation.
Today's CAD systems do not support symbolic
manipulation. Some intelligent expert design
systems, although they provide both symbolic
and numeric environments, are domain oriented
and more importantly, __they don't help
designers to create a design. By developing
the Design History Tocl, the techniques for
supporting a combination of symbolic and
numeric environments for mechanical design are
being established. In addition, significant
insight into the way designs are developed and
the formal representation for this development
are being cbtained. These techniques provide
the foundation for the development of future
intelligent mechanical CAD systems.

Another benefit obtained in developing
the Design History Tool is that the
representation developed will lead to
standards for design documentation that go
beyond current PDES and CALS Proposals.

III. Methodology

To construct the design history tool,
study began with data from two videotape
protacols of professional engineers "thinking
aloud® as they solved design problems. These
protocols were gathered as part of an earlier
study (Ullman, 88a, Stauffer, 87] that
developed a cognitive model of the mechanical
design process. Each  protocol is
approximately 6 hours 1long and involves
hundreds of design decisions. One protocol
involves the design of a battery holder for a
portable personal computer. This protocol is
the basis of the examples shown in this paper.
The other protocol involves the design of a
piece of manufacturing equipment for casting
thin organic membranes onto aluminum sheets.
These protocols have been extensively analyzed

(e.g., [McGinnis, 89}), and one benchmark for
the knowledge representation work- is to ba
able to represent all of the design dacisions
that appear in these protocels. At the
present time, this goal is quite close to be
being achieved.

In addition te providing an adequate
representation, a design history system must
provide an interface that makesg it easy to
answer the questions that designers typically
have. To find out what kinds of questions are
typically asked, an experiments was conductad
in which professional engineers were given the
initial specifications and final drawings for
one of the two protoccol problems mentioned
above and asked to solve a series of redesign
problems while thinking aloud (Kuffner, 89,
90]. They were encouraged to ask guestions of
a second engineer who was present and who was
thoroughly familiar with the previous design.
Each question or conjecture articulated by the
designer was recorded on videotape, analyzed,
and catalogued. An important benchmark for
the playback interface work is to be able to
easily and intuitively answer each of these
questions and support or refute conjectures.

A final benchmark will be provided by
having a third group of engineers use the
design history system ‘to carry out design
comprehension and redesign tasks. By
comparing the data from these subjects with a
matched group that is performing the same
tasks without the computer-based design
history system, the strengths and weaknesses
of the current system will be determined.

IV. Overview of Design History Tool

The Design History Tool is a computerized
system that captures, represents, and plays
back design history information. It is
implemented in Hyperclass™ (smith, 88, 89,
Schoen, 89], an object-oriented programming
environment that was developed by Schlumbergexr
Technologies. In order to display design
artifacts graphically, a solid modelling
package, Vantage'™  [Balakumar, 88], is
integrated into HyperClass [Charon, 89). The
Design History Tool can interact with any
design history data base. A total of 50,000
lines of lisp code about 3000 lisp procedures
have been developed to support the tool. The
tool consists of three sub-systems: design
capture, design history knowledge
representation, and design playback {(Figure
1).

Design Design Design
Capture & Represent= | Playback
Recording ation

FPigure 1

Design History Tool Sub-Systems

The design capture system is intended for
entering design information into the design
history during a design process. Currently,
a basic design entry system has been
developed. This system allows a user to
afficiently enter design information taken
from protocol data into the Design History

. HyperClass is a trademark of
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Tool. However, it is not suitable for a
designer to use during the design process. An
important goal of future research is to
develop more natural and less obtrusive design
capture techniques that can be used by the
designer.

The design history knowledge
representation provides a semi-formal language
for describing the design process and the
designed artifact. It alsc provides a fairly
complete sat of facilities for capturing
design decisions and design constraints.

Finally, the design playback system
allows designers, manufacturing engineers, and
management personnel to review, examine, and
modify an existing design. It provides the
facilities for the user to browse and retrieve

the design information represented in the-

design history. In this paper, the design
history representation and playback sub-
systems will be discussed.

V. The Design History Representation

The design history representation was
developed based on previous research efforts
by [McGinnis, 89], ([Ullman, 88a, 88b],
[Kuffner, 89, 90], and ([Tikkerpuu, 88, 89].
Generally, the representation is based on the
following: At any time in the design process,
the state of the design is given by the
current configuration of the design objects
and the constraints affecting them. Initially
-the state consists of the original, given
constraints, which are wusually abstract
functional requirements along with specific
spatial or geometric limitations. By the end
of the design process, the state of the design
is partially represented as refined objects
with fully-defined topolegy and geometry. The
state of the design refers to the physical
characteristics of the design at any given
point in time throughout the design process.

During the evolution of the design, many
decisions are made (about one per minute, see
[Stauffer, 87]). Each decision involves
reasoning about one or more existing input
constraints to produce ! new derived
constraints. These derived constraints
subsequently affect some features of a design
object or some relationship between design
objects. In this way, the design objects,
along with their respective constraints,
define the state of the design. The changes
from one design state to another occur via the
design decisions. By chronicling these design
decisions and constraints, the process of the
design can be recorded, and both the states
of the design and the design process can be
accounted for.

Thus, the design history representation
is comprised of three main parts: design
objects, constraints, and design decisions.
These three elements interact together as
shown in Fiqure 2. Each of these three is
detailed below.

V.1l. Design Objects

The design objects are the physical
artifacts of the design. They represent the
components of the design as well as the
assemblies created with those components.
Included in design objects are the features of
the design. Features, in this research, are
defined as any particular or specific
characteristic of a design object that
contains or relates information about that
object. The features wusually consist of
pPhysical parameters such as length, width,
mass, location, etc., functional descriptions
such as purpose or behavior, and composite

features that construct the components of the
design.

(r———
i

given !

constraints {

derived design
constraints objects

introduced
constraints

constraints

Figure 2
Design History Representation

V.2. Constraints

The most fundamental pieces of the design
state are the design constraints. Each
constraint specifies the wvalue for some
feature of some design object or describes
some relationship between features of design
objects. Hence, while the design objects
provide the "vocabulary® of the design state,
it is the design constraints that provide the
"sentences" that actually describe the state.
For example, to record the fact that the
diameter of a battery is 1.3 inches, it is
necessary to have a design object called a
"battery" with a feature called the
"diameter". Then, one can write a constraint
indicating that “"battery.diameter = 1.3
inches*.

In considering constraints, it is
important to identify the source of the
constraint. There are three sources for
constraints: given, derived, and introduced.
Given constraints are those dictated to the
designer from external sources such as design
specifications, adjacent or connecting
designs, or clients. Given constraints define
the beginning state of the design, the initial
specifications. Derived constraints are
generated inside the design space during the
design process. They are intrinsic to the
design being worked on. Introduced
constraints are those that are brought in from
outside the design space. . They are not
derived from any other constraints.
Introduced constraints typically include
designer's domain knowledge, handbooks, and
other "domain knowledge™ sources.

V.3. Decisions

Design decisions are the processes by
which new derived constraints are Created to
change the design state. A decision is made
by considering some previously existing
constraints. From these, the decision
produces one or more new derived constraints.
The constraints that are input into the
decision can be given, derived, or introduced.
The decisions are based on the results of
calculations, selection, simulation, analysis,



and tests. The resulting constraints are
always some new, derived constraints that
change the state of the design in some way.
Thus the design decisions constitute the
smallest unit of the temporal design history.
The design history is an ordered saquenca of
the design decisions.

VI. Design Playback
The design playback system provides the
facilities for the user to browse the design
information represented in the design history.
In this paper, four main browsing capabilities
will be illustrated, they are:
1. brovwsing design artifacts,
2. browsing design evolution,
3. browsing design rationale and
alternatives, and
4. browsing constraint dependencies.

To allow users to efficiently retrieve
and easily understand the design information,
the playback system supports different schemes
for displaying and retrieving design
information. The following will briefly
describe these browsing facilities.

COVER

DESIGH HIERARCHICAL STRUCTURE of DAT-CON4%

VI.1l. Design Artifact Browsing

The design artifact browsing begins with
two top-level displays. The first allows
users to browse the hierarchical structure, as
shown in Figure 3. In this graph, it can be
seen that the battery-dase consists of twe
components: bottom-case and ocover. ' The
bottom-case is composed of several features,
such as the left-side-wall, isolating-wall,
and back-wall. The second top-level display
is an isometric drawing of the entire design.
The two top-level displays are synchronized,
so that if an cbject is selected in the
hierarchy via the mouse, the corresponding
object will appear as an isometric drawing.
Figure 3 and Figure 4 present an example of
this facility. From the isometric drawing in
Figure 4, the design object parameters or
features can be inspected by selecting the
command "Design object features" in the menu
attached to the isometric drawing. This
selection will open a design object feature
interface. Figure:S presents an example of
the Dbottom-case ‘design object feature
interface. In the bottom box on the
interface, there are two columns. One shovs

BATTERY-CASE

RIGHT-ISOLATING-WALL
LEFT-ISOLATING-WALL

RIGHT-GROOVE
mrsm-sms-wm< -
RIGHT-SIDE-WALL-SLOT

BOTTOM-CASE
. LEFT-GROOVE
LEFr-sme-wau<
: LEFT-SIDE-WALL-SLOT

BACK-WALL
OTTOM

Brovssing Commds.

Interface Tools

View Change

Describe

Design Hierarchical Tree
Display Camponent Selected]
Design Object Features
Meve to Main Area
Meve to Scratch Area

Clese Browsing Window -

Figure 3
Hierarchical Decomposition Structure

Graphical Interface

Figure 4
Design Object Isometric Drawing



l Input Constraint ||| Affectad Comlra.lnl[

OBJECT: BOTTOM-CASE
DESIGN-OBJECT-TYPE: COMPONENT

ASSEMBLY: BOTTOM-DEVICE
FUNCTION-PURPOSE: holding battaries and spring-contacts
MATERIAL: Injection ABS

LENGTH: 1.811

WIDTH: 0.5299993999999999

HEIGHT: 0.318

TOLERANCE: +-0.004

FILLETS: 0.016

[CONNECTIONS cover siides lnta bottom-case from twao sides

Figure 5
Design Object Feature

Browssing Commds Graphical interface
Interiace Tools

Design Hierarchical Tree

Display Component Selected

Design Object Features

kove to Main Area
Move to Scratch Area

View Change

Close Browsing Window

Describe

Figure 6
Two-way Associativity Example: Part 1-

RIGHT-ISOLATING-WALL

LEFT-ISOLATING-WALL

RIGHT-GROOVE

RIGHT-SIDE-WALL<
BATTERY-CASE RIGHT-SIDE-WALL-SLOT
BOTTOM-CASE

LEFT-GROOVE
LEFT-SIDE-WALL-SLOT
BACK-WALL

BOTTOM

Pigqure 7
Two-way Associativity Example: Part 2




the names of the design object parameters; the
other shows their current values. From these,
users can inspect standard information of the
kind stored by most current CAD systems, such
as length,  .width, overall tolerance, and
fillets. One of unique characteristics of the
Design History Tool is that it allows users to
inspect the function-purpose feature, which
describes the purpose of the design object,
and the connection feature, which describes
how the design object connects to other
objects. In this example, the bottom-vase
function-purpose is to "hold batteries and
spring-contacts®. The cover 1s connected to
the bottom-case by sliding onto the bottom-
case from the two sides.

Another unique feature of the Design
History Tool is that the isometric drawing is
mouse sensitive. This feature allows the
mouse to select any individual design object
in the isometric drawing, and correspondingly,
the selected design object will be highlighted
in the hierarchical structure graph. It has

- been observed that this two-way associativity
is very useful for users to locate design
objects and inspect the relationship among the
design objects. This two-way associativity
can be also achieved through selecting any
design object node in the hierarchical
structure graph (Figure 3) and the selected
design object will be 1lighted in the
corresponding isometric drawing. Figure 6 and
Pigure 7 present an example of the two-way
associativity. In addition te the two-way
associativity, the isometric drawing interface
also allows the inspecting of an individual
design cbject. This can be done by selecting
a desired design object in the isometric
draving and then selecting command, "Display
Component selectad® in the menu attached to
the drawing. Figure 8 presents an example of
this operation from Figure 6.

VI.2. Browsing Design Evolution

The~ second browsing capability allows
users to trace a design from initial
specification to final detailed design. This
capability will be illustrated throuigh an
example of browsing the evolution of the left-
side-wall-slot function-purpose. As shown in

Hrowsing Commds Graphleal intertace

interface Tools
Deslgn Hierarchical Tree
Display Component Selected
Design Object Features
Move to Main Area
Move to Seratch Aren
View Change
Close Browsing Window
Deseribe

Figure 8, the left-side-wall-sloet is selaected.
In order to inspect the function-purpose
evolution, the user opens its feature
interface by selecting the command "“Design
Objeet Features" from the menu attached to the
isometric drawing. Figure 9 presents this’
featura intaerface. It can be seen that the
function-purpose is to "fasten cover". The
design evolution information is retrieved by
selecting the Pre Decision {preceding
decisions) or Pre Ccomstraint (preceding
constraints) commands from the feature
interface, as shown in Figure 9. The
evolution is displayed as a graph, as shown in
Figures 10a and 10b. Because of space
limitations, the whole graph is divided into
two graphs for this paper. The graph shows a
sequence of decisions backward in time to the
beginning of the design. These decisions
ultimately determined the function-purpose of
the left~side-wall-slot. From the graph, it
can be seen that at the beginning of the
design, the two functions of the battery-case
were determined. Then the battery-case
functions were refined into the bottom-case
and cover fungtions. After that, the bottom-
case connection was designed that determined
how the bottom-case and cover were connected
to each other. Based on the bottom-case and
cover connection, the side-wall-u=-groove
function was determined. The side-wall-u-
groove is shown in Figure 8. Then finally,
the side-wall-slot function-purpcse was
determined.

Each node in the evolution graph can be
further inspected. This is done by selecting
the desired node in the graph via the mouse.
Figure 11 presents an example of inspecting
sida-wall-u-groove functicn-purpose value.
This example is retrieved by first selecting
side-wall-u-groove node in the evolution
graph, and then selecting the resulting-
constraints entity in the side-wall-u-groove
decision interface which is not given here.

VI.3. Browsing Design
Alternatives .

The third browsing capability is to
retrieve design rationale and alternatives.
This browsing capability allows users to

Rationale and

Figure 8
Display of Selected Feature
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OBJECT:
DESIGN-OBJECT-TYPE:
FUNHCTION-PURPOSE}
SHAPE:

LENGTH:

WIDTH:

HEIGHT:
LOCATION-X-VALUE:
LOCATION-Y-VALUE:
LOCATION-Z-VALUE:

LEFT-SIDE-WALL-SLOT
FEATURE

faston cover

CUBE

0.1249999908999999039

. Figure 9
Design Object Feature Details

retrieve information on why and how each
decision was made, what alternatives were
considered, and why they were rejected. Thiz
retrieval is accomplished by first selecting
the feature of interest and then selecting the
Alter Proposal (altermative proposal) and
Decision commands from the feature interface.
To demonstrate the browsing capability, an
example of browsing the alternatives of the
bottom-case connection is shown. In Figure 5,
the bottom~case connection feature is
selected. Its value is Ycover slides into
bottom~case from two sides®. By selecting the
Alter Proposal command from the menu, an
"alternative proposal® interface is opened, as
shown in Figure 12. From the interface, it
can be seen that, for the bottom-case
connection, there are three alternative
proposals. One is "Using glue or solvent to
stick bottom case to cover", another is "Cover
and bottom case snap down from top", and the
last one is "Screw join the two cases". The
decision-rationale entry gives the rationale
for why these alternatives were not accepted.
For example, the last proposal was rejected
because "Use screw joint is more expensive and
requires additional equipment.® Currently,
the representation of the alternatives employs
unstructured text. A new version of the
representation is being developed in which the
alternatives are represented by a more
formalized argument structure.

VI.4. Browsing Constraint Dependencies

The last browsing capability allows users
to inspect the dependencies among constraints,
This information explains how design object
features depend on each other, and thus it is
very useful for design understanding and

JUNCTION-PURPOSE

redesign. Figure 13 presents an example of
one of the constraint dependencies, called
input constraint dependency. This dependency
shows how a design object feature directly or
indirectly depends on other design object
features and other constraints. From Figure
13, for example, it can be seen the bottom-
case function-purpese was derived from the
battery-case function-purpose and the lower-
half-part assembly. This means that these two
constraints directly influenced the bottom-
case function-purpose value setting because
they were inputs to the decision that created
the bottom-case function-purpose constraint.

Another constraint dependency that can be
inspected is called the affected constraint
dependency. This dependency shows how a
design object feature or a constraint directly
or indirectly influences other design object
features. In other words, if the design
object feature value were to change, all of
the dependent design object features might
need to change as well. <This dependency is

very useful for the redesign process. Tt
gives users some idea of the potential impact
of a proposed design change. Figure 14

presents a simple example of the affected
constraint dependency graph. From Figure 14,
it can be seen that the bottom-casa length
influence the back-wall length and the back-
wall-u-groove location. If the bottom-case
length is changed, the two design object
features could be affected and may need to
change as well.

The input and affected constraint
dependency graphs are retrieved from the
design object feature interface by selecting
the Input Constraint and Affected Constraint

O Ve B gy SR B S B S et B e ST s e |

BOTTOM-CALE CONMECTION

TTOM-CASE FUNCTION-PURPOSE —8ATTEAY-CAIE FUNCTION-PURPOSE

/"nm{m FUNCTION-PURPOSE

nreceding decision Graph

SIOE-WALL-SLOT FUNCTION-PURPOSE ——SIDE-WALL-U-GROOVE FUNCTION-PURPOSE —BOTTOM-CASE CONNECTION <

Figure 10
Design Evolution



DERIVED-COHSTRAINTS

DESIGN-OBJECT: SIDE-WALL-U-GROOVE

FEATURE: FUNCTION-PURPOSE

VALUE: bottom and cover are connected by sliding cover from back of
bottom into U-groove on the two side-wall of bottom

Figure 11
Details of Derived Constraints

|Alternative Proposal L b
ALTERHATIVE-PROPOSAL: 1. M“uﬂwﬁh:ﬁ*bﬂlﬂmhm
2. Cover and botiom snap down from fop. 3. Screw jon the {wo cases.
REJECTED-PROPOSAL: NIL

DECISION-RATIONALE: Mi«ymhummmy_mumu
inot predictable. Use screw joint Is more expensive and requires additional equp

Figure 12
Alternative Proposals

ATTERY-CASE SUNCTION-PURPOSE{DC] —BATTERY-CONTACT JUNCTION-PURPOSEI[GC]

OWER-HALF-PART ASSEMBLY{GC]

Figure 13
Input Constraints

Affected eanstraints Graph Tt
WALL LENGTH[DC]
IALL-U-GROOVE LOCATION-V-VALUE[DC]

- Figure 14
Affected Constraints



IAHected constn!nts}

" Change Con:tralnts”

BATTERY-CONTACT FUNCTION-PURPOSE 1!
BATTERY AIIEMOLY:
BATTERY-CONTACT FUNCTION-PURPOSEZ:

BATTERY-CONTACT .CONTACT-FORCE:

BATTERY .TOP-DLAMETER:

BATTERY HEIGHT:

BATTERY DISTANCE-TOP-TO-SECONDLEVEL:
BATTERY ILECTRICAL-POLAA:
BATTERY-HOLDER . THICKNESS:
BATTERV-HOLDER JNTERIOR-LENGTH:
BATTERV-HOLDER INTERIOR-WIDTH:
BATTERY-HOLDER INTERIOR-HEIGHT:

BATTERY-CONTACT PRODUCTION:
BATTERY-HOLDER-OPENING JUNCTION-PURPOSE:
BATTERY-HOLDER-OPEMNING ASSEMBLY:

holding 3 batterios

PRINTED-CIACUIT-BROAD .CONTACT-AREA-OLAMETER:
PCB-CONTACT-CENTER DISTANCE-TO-HOLDER REAR:
PCB-CONTACT-CENTER DISTANCE-TO-HOOLER BOTTOM:
CONTACT DISTANCE-TO-BATTERY-HOLDER LEFT-SIDE:

Inseries

elactrically conneciing batlerigs W a Frinted
QGrcult Board

0.1 Ib mimimum and 1 Ib maximum at
batleriexs and Printed Orcult Board

028

0.45 +- 0,0008

0.23-0.018

0.1

bottom Is posiUvae; top I3 negative

0.08, maximum

1.65 +~0.004

0.57 «~0.003

0268 + - 0.008

0.1 +- 0.004

0.18+-0.02

0.6+-0.014

VARIABLE

sol/month, §00k/yr,1800kAlle

for batleries siiding into the walls

an ad just component wil close the opening

BATTERY-HOLDER MATERIALI PLASTIC
Leparacy e avmg: HICKEIED
Figure 15

Given Constraints

commands. Before the retrieval, it is
necessary to select a design object feature
for which user wants to examine the constraint
dependencies. The constraint dependency
graphs, like the design evolution graph, also
support further inspecting of each constraint
in the graph by mouse selection.

In addition to browsing the relationships
among the design object features, it is also
possible to inspect the relationship between
initial specifications thoew; given
constraints) and the design object features.
Figure 15 ©presents a given constraint
interface for the battery contact design.
This interface displays all,of the original
design specifications given to the designer.
It allows users to browse these initial design
requirements. For example, the function-
purpese of the battery-contact is to hold
batteries and electrically connect them to the
Printed Circuit Broad. More importantly, the
interface supports retrieving the dependency
relationship between each given constraint and
the design object features. Suppose the
battery Dbottom diameter increases, its
original ‘value is 0.45 inches, as shown in
Figure 15. What constraints will be affected
by the change? To retrieve this information,
the user first selects the battery bottom
diameter entity, as shown in Figure 15, and
then selects the command "Affacted
Constraint”. Figure 16 presents the

aflecled constraints Grapih

information graph. Because of space
limitations, the graph is trimmed for the
example, the whole graph is much bigger than
this one. From the graph, it can be seen that
if the bottom diameter of the battery changes,
it will influence the isclating-wall length,
and bottom—-case material. If the bottom-case
is redesigned for the variation of the battery
diameter, both of these decisions will need to
be reconsidered to avoid introducing new
design flaws.

VII Conclusion

The research conducted thus far has
succeeded in developing a design history tool
that is capable of documenting and playing
back the 1initial, intermediate, and final
states of a design as well as the design
process that connects them. By modelling the
design process as a series of the design
decisions, the representation captures the
original designer's intent. The design
decisions result in new derived constraints
that in turn instantiate or modify the values
or relationships in the design. This
representation was derived from two kinds of
protocol studies, and it is still being
refined and expanded as the research
progresses and a wider range mechanical design
problems are examined.

The design playback provides basic
facilities for browsing, retrieving, and
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displaying the design artifacts, the design
evolution, the design rationale and
alternatives, and the constraint dependencies.
More Dbrowsing functionalities will be
established based on experiments in which
designers, manufacturing engineers, and
management personnel use the tool to perform
design reviews and modifications of existing
designs.

The goal of this research is to develop
methods for representing and displaying the
design history information. Two important
goals for future research are (a) to develop
methods for nonintrusive capture of the design
history information and (b) to evaluate the
feasibility, generalizability, and
effectiveness of the design historxy tool on a
wider range of design problems.
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