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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









10 Views




2y ago






















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
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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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An Introduction to Islamic capital markets - REDmoney Events

Capital markets are markets for buying and selling equity securities (i.e. shares) and debt securities (i.e. bonds). Capital markets include primary markets, where new stock and bond issues are sold to investors, and secondary markets, where existing securities are traded Key participants: buyers, sellers and financial intermediaries
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Don't fear the bear (RES-4011Q-A)

the 0% line are bull markets, and the red-shaded areas below it are bear markets — a decline of more than 20%. You'll notice that bear markets are shorter than bull markets. On average, bear markets last about 12 months, with an average loss . of about 32%.* Bull markets, on average, last nearly five years (54 months), with an average gain .
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1213 How to Educate Consumers on Your Financial Services

Financial Empowerment 2 Financial education –strategy that provides people with financial knowledge, skills and resources Financial education builds an individual’s knowledge, skills and capacity to use resources and tools, including financial products and services leading to Financial Literacy Financial empowerment includes financial education and financial literacy –focuses .




2y ago




293 Views






















Motives for Investing in Foreign Markets

international financial markets have been developed. Financial man-agers of MNCs must understand the various international financial markets that are available so that they can use those markets to facilitate their international business transactions. The specific objectives of this chapter are to describe the background and corporate use of .
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Common Risk Factors in Cryptocurrency

excess returns over the risk-free rate of each portfolio, and the excess returns of the long- . Journal of Financial Economics, Journal of Financial Markets Journal of Financial Economics. Journal of Financial Economics. Journal of Financial Economics Journal of Financial Economics Journal of Financial Economics Journal of Financial Economics .
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GEE II: FINANCIAL MARKETS, MONETARY POLICY AND THE 

Policy, 11th Edition (New York: Addison-Wesley, 2018) V. FINANCIAL CRISES IN ADVANCED ECONOMIES (MB) Ch. 12 Financial Crises (C) Mishkin, F.S., "Asymmetric Information and Financial Crises: A Historical Perspective," in R. Glenn Hubbard, ed., Financial Markets and Financial Cri
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Consumer protection in the banking, insurance and financial services .

insurance and financial services sector. ASIC's role in the financial system 2 As Australia's corporate, markets, financial services and consumer credit regulator, ASIC strives to ensure that Australia's financial markets are fair and transparent and supported by confident and informed investors and financial consumers. 3 The
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International financial markets and bank funding in the euro area .

International financial markets and bank funding in the euro area: dynamics and participants1 Jaime Caruana Adrian Van Rixtel General Manager Senior Economist Bank for International Settlements 1. Introduction Financial markets are undergoing major and at times very rapid changes, mostly as a result of the financial crisis that began in 2007.
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FINS5512 FINANCIAL MARKETS AND INSTITUTIONS Course Outline .

This course will provide students with an introduction to Australian financial markets and an evaluation of the institutions, instruments and participants involved in the industry. The mainstream markets to be evaluated include the equity, money, bond, futures, options and exchange rate markets. The subject
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Money & Capital Markets - City University of New York

Financial Markets & Institutions By Mishkin and Eakins 7th edition (2012) McGraw-Hill Publishers ISBN: 978-0-13-213683-9 Learning Goals In this case study based graduate course we will 1) explore the function and structure of financial markets, including money, bond, stock, mortgage and foreign exchange markets,
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Impact of COVID-19 on the Global Financial System

markets. Equity markets began declining rapidly, losing around 30% of market value in a matter of weeks, with the speed of the sell-off exceeding that of the global financial crisis of 2008-2009 (GFC). By early March, short-term funding markets and international US dollar funding markets started to show signs of stress and, in the
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2. An Overview of the Financial System

2-5 Structure of Financial Markets Debt and Equity Markets Primary and Secondary Markets Investment Banks underwrite securities in primary markets Brokers and dealers work in seconda
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HDFC MF Yearbook 2021

HDFC group pledged Rs150cr contribution to the PM CARES Fund to provide relief and rehabilitation measures towards the . Global Economy and Markets 2. Key Future Trends 3. Indian Economy 4. Equity Markets & Sector Overview 5. Fixed Income Markets 3. . Developed markets (DMs) likely to achieve herd immunity by CY21 and Emerging Markets .
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Feb 10th, 2020 Tax Loss Harvesting (TLH) South Bay .

SCHF FTSE Developed Markets Ex-US Emerging Markets VWO FTSE Emerging Markets EEM MSCI Emerging Markets Index IEMG MSCI Emerging Markets Investable Market Index Dividend Stocks VIG NASDAQ US Dividend Achievers Select SCHD Dow Jones U.S. Dividend 100 TIPS VTIP Barclays Capital US TIPS 0-5 Years 
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2021 Capital Markets Fact Book - sifma 

Introduction 2021 Capital Markets Fact Book Page 7 US Capital Markets Are the Largest in the World The U.S. capital markets are largest in the world and continue to be among the deepest, most liquid, and most efficient. Equities: U.S. equity markets represent 38.5% of the 105.8 trillion in global equity market cap, or 40.7 trillion; this
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