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Content

= My research work

» Predictive Engineering CAD Design

» Discovery of common design structures in a design CAD
database

= Rank shape similarity between design components
= |dentify substitutable design features in a component design
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Efficient System Sustainability

Predictive CAD Patent Informatics Ne): A

Crowdsourcing Design and Manufacturing Processes

Development of Responsive Manufacturing System
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Product-Service Systems Design

Through-Life Engineering Services
Modelling and Management of Engineering Processes

Collaborative Design Support System






https://youtu.be/ZnbixQowRzc
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Predictive CAD Systems
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A Probabilistic Measure of Design Reuse
" |SSue:

= More than 75% of design activity comprises reuse of previously
existing knowledge.

* Product development groups within manufacturing enterprises
frequently “reinventing the wheel” rather than using known solutions.

» Research Gap:

= EXisting approaches to quantifying the amount of design reuse within
a company's product range are laborious and often provide only
aggregated reuse value.

* The lack of a benchmark dataset to reference results against. The
relative scale 0 — 1 provides a benchmark against an ideal scenario,
but this may not provide sufficient insights for increasing
commonality measures.

.
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A Probabilistic Measure of Design Reuse

* Proposed Solution:

= A novel approach to objectively quantifying levels of reuse by
comparing actual probability distributions of comﬁonent use with
virtual ones, where every component is used with equal preference.

= Validation:
= A Flat-pack furniture and Valve companies CAD data.

" Impact:
= Assist to create a number of product variations from a limited range of
components, or sub-assemblies.

= Companies who can effectively reuse elements of existing designs
when creating new products will be more productive and profitable.
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A Probabilistic Measure of Design Reuse
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Effectively comparing the difference between two probability distributions.
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A Probabilistic Measure of Design Reuse

» The Kullbeck-Lelbler divergence measure provides a
means to measure the difference between distributions
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If p;; = p;*°™ for all options 5 then D; = 0 and as the difference grows so does D;.

10



Divergence between distributions N
. Edinburgh Napier
provide a measure of the level reuse " uiversity

=

PUNES——
—

N
Poor Designer Average Designer Excellent Designer
Probability Frequency Probability
||||||||| :||||| |||
D>
0 0.40 2.3 i

Measure of the Divergence between the purely random and actual distribution
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A Probabilistic Measure of Design Reuse
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3D scatter plot of x2 distribution value, number of options and total
occurrences for each component family
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What is Common Design Structure?

= A CDS is composed of a set of features

that frequently occur in a CAD database.
— More formally a CDS is defined as a
problem of frequent substructure discovery
that appears above a given frequency
threshold value in a set of 3D models.

Rectangular through slot

= A CDS as collections of frequently
occurring features (e.g. holes) with
common parametric values (e.g.

Circular blind step

Circular end pocket

diameters) in a CAD database
(irrespective of their locations or spatial
connectivity between other features on a
component).
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| Characteristics of Common Design

Structures

Repetition Reusability

Cohesive (Dependant, intersection and adjacent)
Decoupled Compatibility

| Complexity Scalability

Rectangular through slot Through hole

Rich information  Maintainability
. Function Portability
Substitutable Comprehensibility

Circular enl‘@ocket

Circular blind step



3D CAD
Models
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Hole Feature
Recognition using

‘“Twig Match’
algorithm

Component Hole Feature Sequence
Component 1 13.64 21.80 37.20
Ge';:‘:’:tt:r':me , Component 2 12.00{ 14.10 36.00] 81.85| 224.00 322.00
Sequence for Component 3 14.30 32.00 42.00 57.00
each CAD part Component4 18.00 23.19 35.00 60.00
Component 5 10.00 13.50 30.20
Hole Common Design Structure Frequency
Common Design Structure 18.00 31.37 S
Identification from Feature | 35.00 105.00| 461.49 2
SEduencesuAng Spnion 18.000  31.37]  80.00] 105.00 5
3lgonthm 35.00 96.00] 105.00] 360.09] 414.00 2
25.00 48.00| 222.88| 223.44 224.06| 267.88 3

!

Analysing Extracted

Common Design
Structures

4

# Number of Design Structures versus

® Frequency

¢ Design Structure Size

# Generate shape of Common Design Structures using hole feature occurrences

and positional co-ordinates
# Clustering similar design structures using the KL measure

Identification of Substitutable
Features for a Component

—

Assessing Five Conditions to Extract Substitutable Features:
(i) Substitutable features never co-exist together in common design structures;
(i) Feature occurrences in the component remain the same between

substitutable features;
(iif) Substitutable features are associated with common design structures that
differ by only one feature;

(iv) The similarity score between components that share substitutable features is

close; and

(v) The defining parametric value of substitutable features is within closer range.
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Steps to extract Common
Design Structures and
Substitutable Features

17
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Dataset

» A valve design dataset
was created from an
online catalog of
Industrial components.

= |n total 1851 3D models
of the industrial valve
were downloaded from
several manufacturers.
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Common Design Structure lllustration

Common Design Structure for {25.4, 254}




Number of Components

Common Design Structure
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Number of Common Design Structurein a Component
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Each component could
generate a maximum number
of CDSs of 2"— 1, where n is
the number of different hole
diameters.

However, 51% of the
components contain less
than four CDSs.

20
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Shapes of a common design structure
for 18 mm hole diameter e

Variation of Structures across flanges for 18 mm hole
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- Shapes of a common design structure
~ for {10.0, 19.05, 32}. Ve
. Variation of Structures across flanges for {10.0, 19.05, 32} hole diameters
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Component Similarity Measure

= Used the Kullback—Leibler Divergence Measure to calculate similarity
score between two parts using feature positional co-ordinates.

[
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The K.L. divergence score of 0 indicates that the hole positional coordinates

between two components are identical and the higher the measure implies

higher variation between the two components.

The K.L. is a measure of divergence, not distance and as such D«
23
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~— - Component Similarity
— Measure

|, = A common design structure

i (10.0, 19.05, 32) was
— shared across 11
7 components.

2 // * These 11 components were
2 /— used to illustrate the

e clustering process using the
77_‘_ K.L. measure.
vaa » The Hierarchical clustering

Y - process was used to create
| the similarity clusters.
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Approaches for Finding the Substitutable Features

* |n the first approach, the
engineer can choose a
component and look for a
possible substitutable
feature within the
component.

* |In the second approach, the
engineer can browse
through all the substitutable
features from a knowledge-
based system.

{10, 19.05, 32, 63.5}.
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Conditions for Identifying Substitutable’

Features

Substitutable features never co-exist together in
common design structures.

Feature occurrences in the component remain the
same between substitutable features.

Two common design structures have a one-hole
feature difference between them.

The similarity score between components that share
substitutable features is close.

The defining parametric value of substitutable
features is within close range.

Substitutable words never co-occur in a sentence.
The same analogy is applied to CAD models.

The same number of times substitutable features
occur in components will ensure the significance of
the structural appearance.

Triadic closure defines a common component that
shares features with two separate components. This
one-feature difference between CDSs has the
potential substitutable opportunity.

Restricting the difference in the similarity score will
ensure the substitutable features belong to the same
component type.

The substitutable features will be within a close
range of parametrivalues.
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Identifying
Substitutable
Features for 63.5
mm

« Eight out of 13 possible substitutable hole
diameters were found to be useful.

« Eight identified substitutable hole diameters
are valid as all these diameters represent
bore diameter in the valve body and share a
similar topological structure.

 The K.L. score above of four represents the
largest variation with reference to the
selected component, and is adopted as a
cut-off score to eliminate the substitutable
hole diameters.




Request for
Common Design
Structure Discovery
or Substitutable
Features

User ~

Implementation Architecture
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Inspect
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View

L0 3DModel  Sketch

Annotate Tools  Manage
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Stress Inventor Tolerance  Create BIM Convertto 3D Print  Add-Ins
Analysis Studio Analysis Mold Design Content Sheet Metal
Begin Convert 3D Print  Manage
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+ T_T- View: Master
4[] Origin
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Selection of query features for CDSD or Substitutable
features (e.g. highlighted gold and blue hole features)

Environments

“R@ St

Get Started

Vavle body Feature Recognition

and extraction of
parametric information
for the selected query
features

|

Search database to find
common design
structure and
substitutable features in
prior designs that are
frequently associated
with the query features

1

Suggest the best
matching common
design structure /
substitutable features to
the user

Collaborate -

Update the geometry based on user's selection of
alternative design structures or features
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Update the common design
structure and substitutable
feature library continously based
on newly added CAD models

Common design structure
/ Substitutable feature
library »,

Store the user preferences and
searches of the selected
structures / features in the
library

29



Current Work

* Predictive Design to
support CNC Fixture
Design in Collaboration
with The National
Manufacturing Institute
Scotland (NMIS).
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Modular fixture
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- Future Development

Generate requirements
7 ‘ for suggestion system

Predictive Intelligence
| Suggestion RESSSR | earning
/‘/ System Svystem
/| / ‘ Suggest possible Understand what fixture
_ . fixture desig_n design changes suggested.,
/ / changes during why and significance

Expert
Designer

CAD modelling .
Novice _
Designer

Learn CAD fixture design

models through changes :
made 1n versions CAD Fixture

‘ design Models

and Database

/1, 31
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