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CMM MeasurementUncertainties:Applications & Case StudiesKim D. SummerhaysTechnical DirectorMetroSage
Topics Task-Specific Measurement Uncertainty Gauge R&R vs. Measurement Uncertainty Ways to Assess Measurement Uncertainty An Automotive Case Study CMM Measurement Traceability Optimizing Tolerance Schemes Economics of Measurement Uncertainty
Task-Specific CMMMeasurement Uncertainty Specific to a particular measurand. Specific to a particular level ofconfidence. Sample Statement: “The uncertaintyof the diameter of this nominal 10-mmdiameter hole, measured with thisparticular CMM under these specificconditions is 0.004 mm at 95%confidence.”
Topics Task-Specific Measurement Uncertainty Gauge R&R vs. Measurement Uncertainty Ways to Assess Measurement Uncertainty An Automotive Case Study CMM Measurement Traceability Optimizing Tolerance Schemes Economics of Measurement Uncertainty
Reproducibility vs. AccuracyCommonlyEncounteredTextbookGraphic
Reproducibility vs. AccuracyReality
Gauge Repeatability &Reproducibility (GR&R)“A concept to insure stabilemeasurements where a single persongets the exact same results each andevery time they measure and/orcollect data measurements.”- Six Sigma SPC's Quality ControlDictionary and Glossary
Gauge Repeatability &Reproducibility (GR&R)Assesses Reproducibility, but not Accuracy:Distinguishesbut cannot distinguishfromfrom
Bias in CMM MeasurementsSome Sources: Repeatable Geometric Errors of CMM AxesRepeatable Probe Errors (e.g. Over-travel)Uncorrected Thermal Expansion of ScalesUncorrected Thermal Expansion of PartSampling Strategy InadequaciesWrong Point-Fitting Algorithm
Thermally Induced BiasThermal Bias to Positional ToleranceBias (Micrometers)12108642018.51919.52020.521Temp (Degrees C)Hole #6Hole #5Hole #3Aluminum PartGlass ScalesHole #421.5
Thermal Bias Compared toStd Dev from Other SourcesThermal Bias & Std Dev from Other Sources1210Hole #6 BiasMicrometersHole #5 Bias8Hole #3 BiasHole #4 Bias6Hole #6 Std DevHole #5 Std Dev4Hole #3 Std DevHole #4 Std Dev2018.51919.52020.5Temp (Degrees C)2121.5
Topics Task-Specific Measurement Uncertainty Gauge R&R vs. Measurement Uncertainty Ways to Assess Measurement Uncertainty An Automotive Case Study CMM Measurement Traceability Optimizing Tolerance Schemes Economics of Measurement Uncertainty
CMM MeasurementInfluence Quantities
Methods to Estimate MeasurementUncertainty (ISO 15530 draft)zzzzzSensitivity Analysis – aka “UncertaintyBudgeting”; estimating various contributionsExpert Judgment – “best-guess” estimateSubstitution – repeated measurement ofcalibrated master partSimulation - modeling and simulating themeasurement process, including the errorsMeasurement History – full range ofmeasurements of part throughput
Uncertainty Method Scorecardfor 3-Dimensional Metrology
The MetroSage Solution:
Topics Task-Specific Measurement Uncertainty Gauge R&R vs. Measurement Uncertainty Ways to Assess Measurement Uncertainty An Automotive Case Study CMM Measurement Traceability Optimizing Tolerance Schemes Economics of Measurement Uncertainty
Traceability“The property of the result of ameasurement or the value of astandard whereby it can be relatedto stated references, usuallynational or international standards,through an unbroken chain ofcomparisons all having stateduncertainties.”-ISO VIM 6.10
Proof of CMM Measurement TraceabilityThe Problem:Demonstrating measurementtraceability to national orinternational standards
CMM Traceability Chain
PUNDIT/CMM
Task-Specific MeasurementUncertainty Report
Topics Task-Specific Measurement Uncertainty Gauge R&R vs. Measurement Uncertainty Ways to Assess Measurement Uncertainty An Automotive Case Study CMM Measurement Traceability Optimizing Tolerance Schemes Economics of Measurement Uncertainty
An Automotive Case StudyA Steering Case: Features, Datums & Tolerances
Feature Form ErrorDefinitions Style:Random surface error Amplitudes:Feature-dependent: 4 to 11 μm
CMM Definition Style:Moving Bridge Dimensions:X: 550mm Y: 500mm Z: 400mm Error Model:Simulation by Constraints Model Source Data:ASME B89 4.1
Probe Definition Styli:Fixed Orientation, Multi-Tip Dimensions:All stylus lengths 80mm Error Model:Switching Probe Model Source Data:ISO 10360
Sampling Point Specifications Apply probing pointsto features– Manual selection– Automatedregular patterns Regular patterns canbe uniform orstaggered, rows &columns or by pointdensity Edge offsets can bespecified Points falling intovoids are discardedautomatically
Results & AnalysisFor rts: Mean Error(i.e. bias inmeasurement) StandardDeviation ExpandedUncertainty at95% certainty
Task-SpecificMeasurement Uncertainty AnalysisDiameter Uncertainty for Nominal66.7mm ID Cylindrical Feature
Task-SpecificMeasurement Uncertainty Analysis
Topics Task-Specific Measurement Uncertainty Gauge R&R vs. Measurement Uncertainty Ways to Assess Measurement Uncertainty An Automotive Case Study CMM Measurement Traceability Optimizing Tolerance Schemes Economics of Measurement Uncertainty
Arc Feature MeasurementVirtual PartConcentric Rings of Outside Diameters from 100mm to 500 mm and Inside Diameters from 60mm to 460 mm Sliced into Arcs of 15o, 30o,45o, 60o, 90o and 120o
Size Controlled by DiameterLocation/Orientation by PositionRandom Probe Error with σ 0.65μmUncertainties Largely Insensitiveto Size of Feature or ID/OD TypePositional Data Similar to Diameter:Nominal Arc Radii:50, 90, 130, 170, 210, 250 mmArc Segments:15o, 30o, 45o, 60o, 90o, 120oSampling Points over Arc:2 x 15, 30, 60, 80, 100, 120
Size, Location & OrientationControlled by ProfileRandom Probe Error with σ 0.65μmUncertainties Largely Insensitiveto Size of Feature or ID/OD TypeProfile Uncertainties in 3-4 μm rangeNominal Arc Radii:50, 90, 130, 170, 210, 250 mmArc Segments:15o, 30o, 45o, 60o, 90o, 120oSampling Points over Arc:2 x 15, 30, 60, 80, 100, 120
Topics Task-Specific Measurement Uncertainty Gauge R&R vs. Measurement Uncertainty Ways to Assess Measurement Uncertainty An Automotive Case Study CMM Measurement Traceability Optimizing Tolerance Schemes Economics of Measurement Uncertainty
Production & Measurement4 PossibleOutcomes:
Production & MeasurementPROFITLOSSLOSSLOSS3 out of 4YieldLosses
Production & Measurement% CHANCE ?% CHANCE ?% CHANCE ?% CHANCE ?
Economics of MeasurementUncertaintyFactors for Consideration:9 Production Capability9 Measurement Capability9 Cost of Rejecting a Good Part (Type I Error)9 Cost of Accepting a Bad Part (Type II Error)
Production & MeasurementCapabilities
Decision Rule without Regard toMeasurement oneWorkpiece Tolerance Simple Acceptance ZoneUpperSpecificationLimitSimpleRejectionZone
Factoring in eRejectionZoneWorkpiece Tolerance Simple Acceptance ZoneUUMeasurement ResultUpperSpecificationLimitSimpleRejectionZone
Factoring in eRejectionZoneWorkpiece Tolerance Simple Acceptance ZoneUUMeasurement ResultUpperSpecificationLimitSimpleRejectionZone
Factoring in eRejectionZoneUpperSpecificationLimitWorkpiece Tolerance Simple Acceptance ZoneUU SimpleRejectionZoneMeasurement Result
Decision Rule: Stringent AcceptanceLess chance of accepting a bad partGreater chance of rejecting a good part
Decision Rule: Stringent RejectionLowerSpecificationLimitWorkpiece ToleranceUpperSpecificationLimitStringentRejection ZoneStringentRejection ZoneUURelaxed Acceptance ZoneGreater chance of accepting a bad partLess chance of rejecting a good part
Economic Optimization of Decision RulesGuardband SelectionLowerSpecificationLimitWorkpiece ToleranceUpperSpecificationLimitAcceptance ZoneWhich Decision Rule Maximizes Profits?
Measurement Uncertainty & Profitability100 mm diameter shaftTolerance 1 mmProduction Process CenteredProduction Std Dev. 0.33 mmMeasurement UnbiasedCost of unit production: 7. 50Sales Price: 30Expense of release of badpart (Type II Error): 300Profit Maximized when each Guardband 0.65 mm
Topics Task-Specific Measurement Uncertainty Gauge R&R vs. Measurement Uncertainty Ways to Assess Measurement Uncertainty An Automotive Case Study CMM Measurement Traceability Optimizing Tolerance Schemes Economics of Measurement Uncertainty
Gauge R&R vs. Measurement Uncertainty to Assess Measurement Uncertainty Ways . CMM Measurement Uncertainty Specific to a particular measurand. Specific to a particular level of confidence. Sample Statement: “The uncertainty of the diameter of this nominal 10-mm . Size, Location & Orientation Controlled by Profile. Arc .
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CNC CMM TRADE-IN TRADE-UP PROGRAM - Mitutoyo 


In-line Horizontal Arm CMM CARBstrato/CARBapex Horizontal Arm Measuring Systems MACH Ko-ga-me Agile Measuring System CMM Model Specifications: FALCIO-Apex High-Accuracy Large CNC CMM Crysta-Plus M Manual-Floating Type CMM Mitutoyo offers a comprehensive line-up of CMM systems, probing systems and powerful software. CMM Line-up
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CMM Programming, CMM Training and CMM Inspection Services 


PC-Dmis CMM Software Training Our CMM training on Pcdmis CMM Software consists of a 3 day (minimum) practical training course. There are 3 entry levels; 'Basic' or 'Beginners' level. 'Moderate' aimed at those with some basic knowledge and understanding but with limited CMM programming knowledge.
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The world of CMM - 2.imimg.com 


The Atlas series CMM offers the large volume CMM measurement for floor mounted components with its unique design of light weight elevated gantry The Atlas series CMM uses the unique triangular shaped granite bridge design that offers superior measurement performance for this large volume gantry type CMM. Measuring range (mm) X 2500 - 3000
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ProDUCT rANGE - cmm-mexico.com 


limitless - horizontal arm CMM, bridge CMM, gear inspection, milling and gantry CMM. EAGLE is compatible with almost any software and supports standard touch trigger probes and motor types, and many scanning and probe head interfaces. DIrECT INTErfACES The direct connection to the CMM software driver ensures high data integrity for the end .
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CNC CMM TRADE-IN TRADE-UP PROGRAM - Precision Gage Co 


When you trade in your old CMM and purchase a new Mitutoyo CNC CMM, you will receive the latest technology, ensuring reliable uptime, lower maintenance costs, improved accuracies, . Horizontal Arm Measuring Systems: MACH Ko-ga-me: Agile Measuring System: CMM Model Specifications: FALCIO-Apex: High-Accuracy Large CNC CMM: Crysta-Plus M:
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CMM-Manager 


CMM-Manager guides the user through every measurement task. CMM-Manager also supports 3rd party articulated arms, such as FARO, Romer/CimCore, Microscribe, etc. K-Series SpaceProbe for measuring large components The K-Series Optical CMM with SpaceProbe allows measurements to be taken in a wo
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MiCAT PLANNER - Mitutoyo America Corporation 


Graphical CMM Configuration Measurement Strategy MiCAT Planner utilizes the CMM configuration's created with System Manager in the CMM MCOSMOS software. All racks and probes of the machine are graphically represented for the rack type and location on the CMM. One of the main benefits of MiCAT Planner is the compliance to measuring









31 Views




2y ago






















Review of technical issues relating to foundations and ... 


and measured pile capacities. API-1993 provides potentially non-conservative results for shaft capacity in loose sands, and in loose-to-medium sands with high length (L) to diameter (D) ratios. Figures 1 and 2 illustrate these skewed trends, reproducing the database comparisons given by Jardine et al (2005) between calculated (Q c) and measured (Q m) shaft capacities. 2.2.2 Non-conservative .
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Calling FoxPro COM objects from ASP Revisited

ASP.NET MVC 4.0 IIS and ASP.NET Enabled on your machine (see top part here) Creating your first COM component for ASP.NET The first step is to create a COM object in Visual FoxPro and expose it as an MTDLL (multi-threaded STA) component. Although not really multi-threaded, STA allows COM to operate
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New Readers in the Nineteenth Century: Women, Children .

The Female Reader: Occupying a Space of her Own Women formed a large and increasing part of the new novel-reading . public. The traditional discrepancy between male and female literacy rates was narrowed, and finally eliminated by the end of the nineteenth ; century. The gap had always been the widest at the lowest end of the social scale. In Lyons at the end of the eighteenth century, day .
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Semester III C308: CORPORATE ACCOUNTING I Course Outcomes

2.3 Gresham’s Law 2.4 Money and near money 2.5 Role of money in Capitalist, Socialist and mixed Economy 3. Money Supply and Banks (14) 3.1 Narrow and broad definition of money 3.2 Alternative measures of money supply in India and their components 3.3 Concept of High Powered Money 3.4 Definition of Bank – Functions of bank 3.5 Multiple credit creation by bank and limitations to it. 4 .
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Evidence from NHS Improvement on clinical staff shortages

6 1. Background The NHS as a whole directly employs over 640,000 people in the professionally qualified clinical workforce, including 110,000 doctors and over 315,000 nurses.5 Spending on total workforce represents an estimated 70% of a typical hospital’s6 costs, with much of this spent on the clinical workforce.7 The right workforce is crucial to ensuring the quality of care that hospitals .
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Crafting Business Architecture: the Antecedents of .

business model stakeholders and the resources they deploy. Although it has been emerging since the mid-1970s, a commonly accepted, uniﬁed science of design does not yet exist (Simon, 1996). Therefore, in our conceptual theory development, we draw on ideas from various design ﬁelds (e.g., architecture, Antecedents of Business Model Design
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B. Sc. Part - I:- CHEMISTRY (HONOURS

Chemistry of the following metals: (a) Li, Be, Ra (b) Sn, Pb. 4. Chemistry of halogens with reference of extraction, oxidation states and halides. GROUP-C: MISCELLANEOUS TOPICS 1. (a) Molecular Symmetry: An Introduction: Symmetry elements and symmetry operations, centre of symmetry, axis of symmetry and plane of symmetry (definitions). (b) Elementary Magnetochemistry: Types of magnetic .
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Flow Chemistry Publications - Vapourtec

2School of Chemistry, University of Leeds, Woodhouse Lane, Leeds LS2 9JT, UK 3Department of Chemistry, University of Bath, Claverton Down, Bath BA2 7AY, UK 4CMAC Future Manufacturing Hub, University of Bath, Claverton Down, Bath BA2 7AY, UK 5Diamond Light Source, Harwell Campus, Didcot, Oxfordshire OX11 0DE, UK
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Child Development The Early Years Overview

4.2 Active Learning Children learn best through physical and mental challenges. Active learning involves other people, objects, ideas and events that engage and involve children for sustained periods. 4.3 Creativity and Critical Thinking When children have opportunities to play with ideas in different situations and with a variety of resources, they discover connections and come to new and .
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Historical Overview of Climate Change Science

As climate science and the Earth’s climate have continued to evolve over recent decades, increasing evidence of anthropogenic inﬂ uences on climate change has been found. Correspondingly, the IPCC has made increasingly more deﬁ nitive statements about human impacts on climate. Debate has stimulated a wide variety of climate change research.
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Cyware for Enterprise

operationalize threat intelligence and make sense of a deluge of threat alerts. Security operations are siloed, skewed, and asymmetric, rendering incident response incomplete and ine ective. Enterprises need to move away from a reactive approach to a more proactive, collaborative, and intelligence-driven security strategy.
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Dynamic Energy Optimization with Revit and Insight 360

Commercial Design using Revit 2017, Residential Design using Revit 2017, Residential Design using AutoCAD 2017, Commercial Design using AutoCAD 2013, Chapters in . as the simulation itself is actually run in the Cloud using Autodesk’s GBS engine. However, subscription is becoming the norm with Autodesk’s new sales model.
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Doing and Talking Mathematics: A Teacher’s Guide to .

mathematics.” (Hiebert et al, 1997, p. 6) More than ever before, mathematics instruction is focused on helping students reason together, guiding students to discover patterns, make sense of mathematical concepts, and make connections between prior knowledge and new learning.
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VOCATIONAL INSTRUCTOR, CULINARY ARTS, CORRECTIONAL .

VOCATIONAL INSTRUCTOR, CULINARY ARTS, CF - QUALIFICATIONS ASSESSMENT PAGE 2 All applicants must complete and submit the following examination materials: Examination Application (STD. 678) Qualifications Assessment By mail to: Department of Corrections and Rehabilitation Office of Workforce Planning P.O. Box 942883
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Elementary Science Science

Core Curriculum a student-centered, problem-solving approach to intermediate science. The following is an expanded version of the skills found in Standards 1, 2, 6, and 7 of the Learning Standards for Mathematics, Science, and Technology.
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Developmental Biology BIO 313 Term 2, 2017 COURSE SCHEDULE

Developmental biology is in the midst of a revolution. The subject matter is vast and complex, and factual knowledge in the discipline is increasing at breakneck speed. The problem for an undergraduate course is deciding what material to include and where to place the critical emphasis without overwhelming students.
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