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Transcription




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









10 Views




1y ago






















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
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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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Novell SUSE Linux Package Description and Support Level .

aspell-eo An Esperanto Dictionary for Aspell L2 aspell-es A Spanish Dictionary for ASpell L2 aspell-et An Estonian dictionary for aspell L2 aspell-fa A Persian dictionary for aspell L2 aspell-fi Finnish Dictionary Package L2 aspell-fo A Faroese Dictionary for ASpell L2 aspell-fr A French Dictionary for ASpell L2 aspell-ga An Irish Dictionary .
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Dictionary of Aviation - THE AIRLINE PILOTS

Dictionary of Accounting 0 7475 6991 6 . Dictionary of Computing 0 7475 6622 4 Dictionary of Economics 0 7136 8203 5 Dictionary of Environment and Ecology 0 7475 7201 1 Dictionary of Food Science and Nutrition 0 7136 7784 8 Dictionary of Human Resources and Personnel Management 0 7136 8142 X
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12 PUBLIC LAW AND PRIVATE LAW - Home: The National .

INTRODUCTION TO LAW MODULE - 3 Public Law and Private Law Classification of Law 164 Notes z define Criminal Law; z list the differences between Public and Private Law; and z discuss the role of Judges in shaping Law 12.1 MEANING AND NATURE OF PUBLIC LAW Public Law is that part of law, which governs relationship between the State
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Dr. Ram Manohar Lohiya National Law University, Lucknow

2. Health and Medicine Law 3. Int. Commercial Arbitration 4. Law and Agriculture IXth SEMESTER 1. Consumer Protection Law 2. Law, Science and Technology 3. Women and Law 4. Land Law (UP) Xth SEMESTER 1. Real Estate Law 2. Law and Economics 3. Sports Law 4. Law and Education **Seminar Courses Xth SEMESTER (i) Law and Morality (ii) Legislative .
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Oxford and the Dictionary - Oxford English Dictionary

What makes an Oxford Dictionary? People find dictionary-making fascinating. The 250th anniversary of Samuel Johnson’s Dictionary in 2005 was widely celebrated, and the recent BBC television series Balderdash and Piffle had a huge response to its call to viewers to help track down elusive word and phrase or
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Cambridge Essential English Dictionary

These Dictionary Guide Worksheets are downloadable versions of the Guide to the Dictionary presented in the Cambridge Essential English Dictionary, Second Edition. The Guide is designed to help you develop skills in using a dictionary. The worksheets are grouped as five separate units, whi
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The Interactive Arabic Dictionary: Another Collaboratively .

the Interactive Arabic Dictionary” [11], and “Conceptual Design of the Interactive Arabic Dictionary” [12], were the main studies used in HIAST to implement the Interactive dictionary. 2.1. Objectives IAD is a Monolingual dictionary (Arabic-Arabic), targeted to 
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Dictionary-guided Scene Text Recognition

A dictionary is an explicit language model, and the ben-eﬁts of a dictionary for scene text recognition are well es-tablished. In most previous works, a dictionary was used to ensure that the output sequence of characters is a legit-imate word from the dictionary, and it improved the accu-r
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Going Online with a German Collocations Dictionary - unibas.ch

dictionary articles on two levels: a minimalistic view for the search and navigation stage and a more detailed view once a collocation is found. Keywords: online dictionary, collocations, dictionary design, learners' dictionary, German language . 1. Introduction Many dictionaries are available on the Web today. However, as yet there areno well-
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A Fault Dictionary-Based Fault Diagnosis Approach for CMOS Analog .

Step 5: Fault dictionary construction: The fault dictionary is a collection of potential faulty and fault-free responses. The signatures obtained will be stored in the dictionary. This dictionary involves for each fault a correspondence between the faulty circuit responses and the defect sites.
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On Entries for Neologisms in English-Chinese Learner's Dictionaries

A New English Chinese Dictionary of Journalism (2007) by Hu Zhiyong, An English -Chinese Dictionary of Neologisms (2009) by Li Mingyi, English-Chinese Neologism Dictionary (2013) by Wu Xuemei, A Dictionary of New Chinese Phrases in English (2015) by China Daily and A Chinese-English Dictionary of New Words and Expressions (2015) by Wu .
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Companies Law - Cayman Islands dollar

Law 1 of 1971-15th December, 1970 Law 7 of 2000- 20th July, 2000 Law 7 of 1973-28th June, 1973 Law 5 of 2001-20th April, 2001 Law 24 of 1974-22nd November, 1974 Law 10 of 2001-25th May, 2001 Law 25 of 1975-9th December, 1975 Law 29 of 2001-26th September, 2001 Law 19 of 1977-10th November, 1977 Law 46 of 2001-14th January, 2002




2y ago




435 Views






















It’s the Law!

ciples stated in Boyle’s Law, Charles’ Law, Gay-Lussac’s Law, Henry’s Law, and Dalton’s Law. Students will be able to explain the application of Boyle’s Law, Charles’ Law, Gay-Lussac’s Law, Henry’s Law, and Dalton’s Law to observations or events related to SCUBA diving. MateriaLs None audio/visuaL MateriaLs None teachinG tiMe
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WHAT LAW IS ? An Introduction to Law

common law system civil law system!! sources of law in civil law !! a1. primary: statutes (written law) enacted by legislative power are the principal source of law. ! a2. two subsidiary sources of law: ! a2.1 administrative regulations a.2.2 customs!! ! sources of law in common law !!! b1. two primary sources of 
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Ross E. Davies, George Mason University School of Law

Jan 15, 2012 · 4. Bryan A. Garner, Preface to the First Pocket Edition of BLACK‘S LAW DICTIONARY, reprinted in BLACK‘S LAW DICTIONARY vii (3d Pocket ed. 2006). Garner is the current editor-in-chief of Black‟s Law Dictionary and (even more surely than was Black in his own time) the most influential contemporary scho-lar of American legal language. 5.
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