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INDUSTRY CHALLENGES

You want to make
something

You want to assemble
something to

You want to use data
more effectively for

at a lower cost

better quality

quicker

in higher volume

you've never made before

minimise reject rate
improve reliability
improve consistency
reduce waste

reduce errors

improved design
better quality
efficient logistics
new business models
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BACKGROUND

Computer Aided Inspection and Quality - Current State
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DMIS _——

Lack of integration with PLM: |

« Difficult to maintain : iy

= Product design: associativity to

the model following

changes to product design or

= Inspection planning: manufacturing process
Drawing interpretation Lack of feedback oo " Process Improvement
Feature definition measurement data into 4
Ballooning the PLM cycle

= 2D drawings

Bill of Characteristics Product Improvement
Measurement strategy selection

Measurement resource allocation

Execution

Inspection program authoring

Feature evaluation Ad hoc programming:

* human error

* inconsistency

» skill levels (quality of
the program)

CMMs Measurement Planning ¢  personnel availability

taaet® * time consuming

Results analysis =

Sentencing —r _‘ Jﬁ



Computer Aided Inspection and Quality

Emerging Technologies

= Semantic PMI

= Bill of Characteristics

» Uncertainty Simulation

»= Automatic Programming
=  Automatic Evaluation

= Results Visualisation

= Consistent Data Type

= There are many standards and software tools currently in development across the
industry that have the potential to transform and simplify the current process chain.
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List of standards and software covering the digital measurement planning workflow.

» The whole process chain is covered for each individual process by multiple software.

This list is not exhaustive.




Computer Aided Inspection and Quality

Emerging Technologies
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MBDVidia
» End-to-end workflows are now possible for verification.
= Data interoperability between stages is key to bring value to industry, solving: Example workflow showing how CAD with PMI can be taken through the full
e . measurement planning and execution process using digital tools for simple
- Traceab|l|ty ISSues, components as presented at IMTS 2016.

) Video available at https://vimeo.com/182244101
= Version control;

= Integration with existing management systems.

= CAD with PMI associatively linking tolerance information to design features enables design information to be passed downstream to
all other process steps in the chain.



The Big Picture

Integrated Information for Improved Quality
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Component verification

Intelligent Process Control
Optimisation of production quality by

altering input machining parameters.

Increase component quality, reducing
scrap and rework.

Verification

Gather and analyse data from
across the whole process chain.

Manufacturing

[

Adaptive Inspection Planning Root Cause Analysis

Drive adaptive inspection plans by Aid root cause analysis by keeping
filtering out features within process traceability of all data to an instance of
capability. an authority model.

Reduce cycle times and reduce load on Expose why something failed, not just
measurement equipment flag that there was an issue for
corrective action.




CASE STUDY

Data Analytics Validation

Analysis of the manufacturing signature using data mining @Cmmﬂ(
RJ. Mason*, M. Mostafizur Rahman, T.M.M. Maw

The Manufacturing Technology Centre Ltd., Antsy Park, Coventry Cv9 7JU, United Kingdom

» Rules linking final part quality of a test batch
to machining parameters of production were

. . ARTICLE INFO ABSTRACT
tuned to provide key process variables to ,
. . Article hﬁ?"& b 2016 The use of data mining within manufacturing is a relatively modern application. Data mining can be used
f b Id Receive arc to find underlying links between the machining conditions, and parameters, and the final form of the
I m p rove Utu re u I S . Received in revised form 19 July 2016 part. Part of this procedure includes defining the form of the part, known as the manufacturing signature,

Accepted 15 September 2016

Available online 23 September 2016 which stems from all steps in the manufacturing process. In this paper, two potential definitions for

the manufacturing signature of cylindrical objects are generated in terms of an analytical basis. The
first description uses a simple Fourier description (known as lobing) and the second consists of a fully
orthonormal description in terms of Forsythe polynomials and Fourier coefficients. Principal Component
Analysis (PCA) is also partially used toinvestigate the underlying structure of the cylinders and investigate

Keywords:
Data mining
Unsupervised learning

» Reduced standard deviation of sample
deviation demonstrating improved quality.

Form error the connection between the analytical description and PCA. Experiments were carried out, machining
Manufacturing signature thirty components under different manufacturing conditions (such as coolant pressure, tool length etc.).
Machining Data mining was then carried out on the process parameters, and either the amount of a given type of
Fourier series lobing or the classification of the cylinder in terms of the maximal lobing. The input to data mining for our
Forsythe polynomials case is either a numeric answer or a classification, which motivates the use of a simplified description.
0 0 2 30 Legendre polynomials The use of PCA on this data set indicates a fundamental issue stemming from subsets of “similar” data
7 Al M & Rule 11 M & Orthogonal transformation which means dimensionality reduction is not possible in the usual way. The use of the analytical basis
£ easurements e easurements suggests a new sampling strategy to be used on certain geometries utilising Gauss-Legendre quadrature.
= D Crown Copyright © 2016 Published by Elsevier Inc. All rights reserved.
=
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S H R.J. Mason, M. Mostafizur Rahman, T.M.M. Maw, Analysis of the manufacturing signature using
g 024 .« . .
2 data mining, Precision Eng., 47, 292-302, (2017)
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: Prediction of part quality using regression tree
T o learning
E | T.MM. Maw®, I.J. Whicker, M. Mostafizur Rahman
g ooof ] The Manufacturing Technology Centre Ltd, Antsy Park, Coventry, CV9 77U, United Kingdom

Email: toby. maw@the-mitc.org
(Dated: XK

Abstract— Iy manufacturing processes there is a large amount of data generated which when captured
and analysed effectively can be used to improve the performance of the process, Recently there has been
interest in using data mining techniques to identify associative links between machining conditions and the
final part quality. However many of these techniques require classification of parts as passing or failing a
tolerance, and often have difficulfies building a realistic model as there is usually a strong class imbalance
towards parts passing an inspection in manufacturing. This paper presents the results of an experiment in
which regression tree learning, a method which uses raw measurement values rather than classifications, is
used to generate rules linking final part quality to manufacturing parameters in CNC machining, A
regression free was generated from an initial production run of companents in which the machining
parameters were varied between features and parts, and rules identified which when followed resulted in
reduced manufacturing errors in drilled holes. A further set of test components was then produced and
‘measured which verified that features which followed these rules had, on average, a reduced deviation from
nominal position and diameter. It is propused that having been validated in this work, such a methodology
would be useful when developing new products or processes for optimizing the final part quality.
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» Data analytics was labour intensive.

= Lack of interoperability of data formats.

To be submitted for publication this autumn.



CASE STUDY

Data Integration Experiment

Contract Design House (NIST) OEM (MTC)

Joint component design

= Collaboration with NIST

MTConnect data provided to

Manufacture com ponents
MTC

collecting MTConnect data

= Objectives:

Investigate data standards for manufacturing process control;
First Article Inspection
collecting QIF data

Investigate techniques for manipulation of data standards;

Components and data

Identify capabilities and gaps of integrated data interoperability. R o _
L Incoming inspection
collecting QIF data

NIST Yiic

National Institute of Manufacturing sent to NIST
Standards and Technology Technolaay Cantra

MTonnect \OiF |

Comparison of FAl and

Preparation of MTConnect
and QIF data for analytics

incoming inspection results
using QIF




CASE STUDY

Data Integration Experiment

MTConnect
XML

Run CNC Machine Q
Machine Set-Up

NC Code

by QIF Results
& statistics

Map CAD, MTConnect, and

QIF Data MTConnect R

e e |

|—B' -
L
PMML

Experiment data flow illustrating how manufacturing and
inspection data must be mapped using feature ID as a
reference.

Test assembly produced for
data integration experiment.

Full details to be published in a joint paper between MTC and
NIST this summer.

Experiment Results
= Automatic analytics is key to accessing the benefits.
» Data interoperability between processes is critical.

» Persistent IDs are required that make all data traceable to the
authority CAD model through all process steps.

= This would have to include CAM, CAD and CAIQ data forms.

This is not easy!!!

Adoption of data standards such as QIF that have the
architecture to apply to all process stages.

As mentioned earlier, software vendors can develop their own
methods to communicate to each other.



Conclusions

Integrated Information for Improved Quality
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End-to-end workflows are now possible for verification.

Such workflows can be used to get industry engaged such that they can provide the drive for

vendors to adopt solutions to interoperability problems.

Optimize Run CMM & Visuvalize Results
CMM Plan Analyze Results on Model
QIF Document - ‘ o At e Lt AR
BMETROSAGE g capvidia

-

Pundit CMM MBDVidia

|mm

CheckMate ‘ Plans
} | Results

>

Example workflow showing how CAD
with PMI can be taken through the
full measurement planning and
execution process using digital tools
for simple components as presented
at IMTS 2016.

Dramatic benefits can be gained by further integrating information through manufacturing and

management processes.

Standards and interoperability are the keys to unlocking the benefits from analytics.

Once end users become aware of the potential benefits, software vendors will be
compelled to adopt the standards and drive the industry forward.



Thank you for listening!

Any questions?
Contact: toby.maw@the-mtc.org

DISCLAIMER:
The data contained in this document contains proprietary information. It may not |
CATA
I

High Value Manufacturing

be copied or communicated to a third party, or used for any purpose other than
that for which it was supplied, without the MTC’s prior written consent ©MTC
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