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Interoperability in feedback loops for manufacturing is a very old problem.
It is an underserved aspect of the contemporary standards community.

Downstream information data flows from design to manufacturing to
inspection have received much attention, and have matured significantly
paving the way for many efficiency gains.

This presentation will highlight several potential opportunities for
interoperability standards such as the Quality Information Framework (QlF)
to provide a transport mechanism for use cases in digital manufacturing that
require feedback loops.

Introduction



Ask yourself to contrast the current state of the art with downstream digital data flows to the various
feedback loops possible using standards such as STEP AP242, MTConnect and the Quality Information
Framework (QIF) 3.0

Imagine the potential for:
> Tool wear and path feedback

> Quality Plan feedback
> Process Control feedback
> Key Characteristic feedback

Basic premise is that the more use cases that are identified for an emergent
interoperability standard (such as QIF) the more likely someone will find a
meaningful reason to use it and the more likely the standard is to survive the
chasm of the technology adoption lifecycle.

This presentation hopes to highlight a few...
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Credentials

e 1994-2017: Co-designer of Mitutoyo MeasurlLink Data Management system for shop floor data
collection and analysis including SPC, Gage R&R and Gage Management

e 2007: Co-author of AIAG (Automotive Industry Action Group) QMD (Quality Measurement Data)
standard with Chrysler, ASI-Datamyte, Q-DAS, NIST and others)

e 2009: Member of AIAG/DMSC (Dimensional Metrology Standards Consortium) DML group
(Dimensional Markup Language) with Technomatix/Unigraphics/Siemens PLM, Chrysler, Origin
International, NIST, and others

e 2011: Co-author of “Information Modelling for Interoperability in Dimensional Metrology” with Xun
Xu, Fiona Zhao, Thomas Kramer

e 2014: Co-author of DMSC ANSI QIF (Quality Information Framework- Statistics) with members from
Honeywell, Lockheed Martin, John Deere, Origin International, Capvidia, Metrosage, NIST and others.

Personal background



Interoperability: The ability of machines, devices, sensors, software and people to
connect and communicate with each other

Information Transparency: Virtual copy of the real world enhancing digital models with
sensor data — digital twinning

Technical Assistance: the ability for systems to support humans through aggregate
visual support interfaces and the use of cyber physical systems.

Decentralized Decisions: The ability of systems to be smart and capable of autonomy in
executing tasks

Four Principles of Industry 4.0
Smart Manufacturing
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Consider the feedback loop...

It is a common and powerful tool when designing a control system.

Feedback loops take the system output into consideration, enabling the system to adjust its performance
to meet a desired output response.

Based on disparate commercial application communication needs, this feedback requires data
interoperability in the same way feedforward flows do.

Plan Do Check

A

ct Think: Deming PDCA

Feedback loops
S Mittoyo



Enterprise Quality
Improvement cycle

Deming: PDCA is
essentially a feedback
mechanism

* Increased efficiency
e Reduced cost
e Improved quality

Continuous Improvement



The Quality Information Framework
(QIF) is a unified XML framework
standard for computer-aided
quality measurement systems — and
other systems in the advanced
enterprise

It enables the capture, use, and re-
use of metrology-related
information throughout the
PLM/PDM domain

Enter the quality information framework (QlF)
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Cross platform information object associativity...

 The need has always been to be able to accurately reference entities across feed forward and
feedback information flows

* Recent developments with the concept of UUIDs (Universally Unique Identifiers) has allowed
the expansion of basic interoperability in the manufacturing value chain to more
comprehensive and sophisticated workflows

e QIF supports the concept of QPIDs (Quality Persistent Identifiers).

e QPIDs and the same as UUID and provide the ability to associate data objects across the
various application platforms in the product management lifecycle

This adoption is just beginning...

QPiDs and Universally Unique Identifiers




Case #1 — Tool wear/Tool path compensation

Basic workflow:

Adjust the tool offsets/path to leave a little excess stock
Allow the tool to machine the workpiece

Measure what the tool has done

Adjust the tool offsets based on the measurement targeting nominal dimension

Rerun the tool

Measure to confirm you got it right

Inspection Feedback to Machine Tool
S Mittoyo
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Post process inspection

Additional inspection step
made by the Quality Control
Department after the part
comes off the machine and

leaves the operator's hands

—

Inspection in the quality control department



Machining to Inspection with
on machine probing

Check tolerances on a part as part of
the part program. There's g-code in the
part program to do the checking.

Inspection via in-process probing
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CMM evaluation of measurements
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Presenter
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...0Or Measurement points on the machine
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View: Okuma Digital Twin Measuring (Live)
Transition @ 22 min


Rules based Tool
wear/path/speed/?
compensation

Manufacture

Generate CNC
program for Measure
machine tool

Feedback loop established for
adaptive manufacturing
process.

/ Process For example, b@tween SPC and
el | CAM systems

Rules based cutting tool parameter management

Adaptive tool compensation management



Potential for near real-time tool path compensation

QIF Results back to CNC

<?xml version="1.0" encoding="UTF-8"?>

<QIFDocument>

<Characteristics>

<FlatnessCharacteristicltem id="5">

<Attributes n="1">
<AttributeQPIld name="QPId">
<Value>27ff0490-e32a-4736-8a30-42da346e1450</Value>

</AttributeQPId>

</Attributes>
<Description>BOXY_20170306.FLATNESS_1</Description>
<Name> </Name>

<CharacteristicNominalld>3</CharacteristicNominalld>
</FlatnessCharacteristicltem>

<FlatnessCharacteristicDefinition id="2">
<Name> </Name>
<ToleranceValue>0.01</ToleranceValue>

</FlatnessCharacteristicDefinition>

<FlatnessCharacteristicActual id="49">

<Status>
<CharacteristicStatusEnum> </CharacteristicStatusEnum>
</Status>
<Characteristicltemld>5</Characteristiclteml|d
Value> </Value>
/FlatnessCharacteristicActual
Characteristics

</QIFDocument>

\ 4



Presenter
Presentation Notes
View: Okuma Digital Twin (Live)
Actual QIF Results data is imported into the Okuma Digital Twin
Transition @ 43 min

Speaker: MH
View: Slide 11
Actual QIF Results data is imported into the Okuma Digital Twin
Transition @  min




Case #2 — Quality Plan Management

Basic workflow:

» Establish inspection quality control plan a with bill of characteristics, sampling
plan and frequency

» Measure parts and chart with SPC to establish process control

» Adjust inspection plan to reduce sampling frequency and sample size (saving
cost)

» Reduce quality costs by actively and adaptively managing inspection
requirements

Inspection feedback to statistical quality control



Purpose of a Quality Control Plan

* Monitoring and Measuring of the Product
e Monitoring and Measuring of the Process
e |f done correctly it can support design and development planning

Quality Control Plan Elements:

* Part/Process Number

* Part/Process Name

e Characteristic — that which is being measured

e Specification — Nominal and tolerance limits

e Measurement technique

e Sample Size — number of parts being measured

e Sampling Frequency — how often parts are being measured

e Control Method —how to conduct the measurement

e Reaction Plan —what is done if measurement does not meet specification

Data Analysis and Reporting Feedback in Quality Control Plans



Feedback inspection data

and statistics to quality
control plan
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Classic Shewhart Control Chart
assumes fixed sampling
interval and sample size

It is sensitive to major process
shifts but not as responsive to
minor or moderate mean shifts

Inspection after manufacturing - Process Control




Adaptive sampling allows
for greater sensitivity and
process control

With different fixed
sampling intervals and
sample size, rules can be
established to better
monitor the process

Time

) Minimum sample size O Maximum sample size

* Reference Developing Variable Sample Size and Sampling Plan Xbar Chart, Noorossana, Dehesvar, Shekary, 2011

Adaptive Process Control
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ADAPTIVE QUALITY CONTROL PLAN MANAGEMENT




<?xml version="1.0" encoding="UTF-8"?>
<QIFDocument>

<Statistics>
- IF XML packet to
<StatisticalStudyPlans> Q : P :
<ProductionStudyPlan> carry information
<Attributes n="1"> between systems

<AttributeQPId name="QPId">
<Value>27{f0490-e32a-4736-8a30-42da346e1450</Value>
</AttributeQPId>
</Attributes> UUID used for
<SampleSize>3</SampleSize> e
<SamplingPeriod>60</SamplingPeriod> §peC|f|F Co_ntrOI plan
</ProductionStudyPlan> identification
</StatisticalStudyPlans>
</Statistics>
</QIFDocument>

QIF Statistical Studx Plans
P




Case #3 — Key Characteristic Management

Basic workflow:
» Establish design, manufacturing and quality bill of characteristics
with designation

» Conduct FMEA analysis to manage list (manufacturing issues, field
issues, etc.)

» Modify bill of characteristics to control quality and cost

nspection feedback to Key Characteristic
management
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A Key Characteristic (KC) is defined simply as customer requirements

and supplier information which can be translated to support engineering
for product design

Examples include: form, fit, finish, appearance that deal with quality,
safety and regulatory parameters

FMEA &Failure Mode Effect Analysis) studies help facilitate development
of KCs (Design, Process, etc.)

Key Characteristics
S Mittoyo



Program Planning and
Control as a part of
Lifecycle Management

Lifecycle Engineering

\Management \ Design

Fundamental issues:
e Definition

Manufacturing

* Classification B Planning and
Validation

* Flow-down and transfer \ \

e |dentification and I—

Designation \ Testing

Key Characteristic (KC) management



Clear need for
interoperability

standard in feedback

Process FMEA Feedback loops can be

established for

Product and Process Validation adaptive KC

management.
For example between

CAD/CAI/MES and SPC
Feedback and Corrective Action systems

* Reference: AIAG PPAP (Production Part Approval Process), 2006

Concept Approval Prototype Pilot Production Maintenance

Product Quality Planning cycle



Rules based KC Designation
e Design Model
e Perform FMEA and Designate
e KCs

* Manage field response with
adaptive engine

KC Designation

FMEA rules based KC
Designation Adjustment

“F

Adaptive KC For example, between SPC
M and CAD systems

Engine

Change
Request

Adaptive Key characteristic Management




<? ion="1.0" ing=" -8"?>
<Q)ir,l1[l)\£[jf;m>l 0" encoding="UTF-8 QIF XML packet to carry
<Characteristics> information between
<CharacteristicDefinition> systems
<Attributes n="1">
<AttributeQPId name="QPId">
<Value>27{f0490-e32a-4736-8a30-42da346e1450</Value>
</AttributeQPIld>
</Attributes>
<Criticality> UUID can be used for

<LevelEnum>1</LevelEnum> specific control plan

</Criticality> identification
</CharacteristicDefinition>

</Characteristics>
</QIFDocument>

QIF characteristic designation



<xs:simpleType name="CriticalityAreaEnumType">
<XS:annotation>
<xs:documentation>
The CriticalityAreaEnumType enumerates values
that describe
characteristic criticality areas.
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:NMTOKEN">
<xs:enumeration value="SAFETY"/>
<xs:enumeration value="MISSION"/>
<xs:enumeration value="FIT"/>
<xs:enumeration value="FUNCTION"/>
<xs:enumeration value="APPEARANCE"/>
<xs:enumeration value="UNDEFINED"/>
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="CriticalityLevelEnumType">
<XS:annotation>
<xs:documentation>
The CriticalityLevelEnumType enumerates values
that describe
characteristic criticality levels.
</xs:documentation>
</Xs:annotation>
<xs:restriction base="xs:NMTOKEN">
<xs:enumeration value="MINOR"/>
<xs:enumeration value="MAJOR"/>
<xs:enumeration value="CRITICAL"/>
<xs:enumeration value="UNDEFINED"/>
</xs:restriction>
</xs:simpleType>

QIF Characteristics can carry the information



> Called out the need to retain focus on feedback
loops to get the complete picture on interoperability
potential for the Quality Information Framework |

> Interopted CAD/CAM/ERP/PLM and SPC with
specific industry implementation use case scenarios

Summary



Downstream digital manufacturing workflows have several well
defined and matured or maturing interoperability use case
scenarios.

Many possibilities exist for feedback through interoperability.
Use case identification is critical for industry adoption.

Interoperability standards such as the ANSI/ISO QIF are being
designed for use across full product lifecycle management needs

Along with AP242 and MTConnect, the Quality Information
Framework (QIF) has the necessary practical industrial application
that can lead to mainstream adoption.

For more information please visit gifstandards.org

CO n C | u S | O n Or email Robert.Brown@Mitutoyo.com
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