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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









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









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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PHONE NO. CONTACT TOPIC/SUBTOPIC ORGANIZATION #A

651-757-2762 Deborah Klooz MPCA Paralegal: 651-757-2631 Jean Coleman MPCA Staff Attorney: 651-757-2791 Adonis Neblett MPCA Staff Attorney: 651-757-2017 Carmen Netten MPCA Staff Attorney: 651-757-2759 David Stellmach MPCA Staff Attorney: 651-757-2247 Joseph Dammel MPCA Staff Attorney: 651-757-2545 Michelle Janson MPCA Staff Attorney: #ATTORNEY .
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Local Prosecutors and The Attorney General

Attorney General of Iowa Other Members iii Honorable Arthur K. Bolton Attorney General of Georgia Honorable Chauncey H. Browning, J 1'. Honorable John C. Danforth Attorney General of Missouri Honorable J olm P. Moore Attorney General of Colorado Attorney General of West Virginia Honorable Larry Derryberry Attorney General of Oklahoma




1y ago




170 Views






















30th Annual Anti-Fraud Conference Tentative Schedule

Apr 30, 2019 · Jill Nerone, Supervising Deputy District Attorney, Alameda County District Attorney’s Office Laura Meyers, Assistant District Attorney, San Francisco County District Attorney’s, Office Nicole Pantaleo, Deputy District Attorney, Marin County District Attorney’s Office, Insurance F
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Shannon McClellan Hon. Diane O. Leasure Ellery M. “Rick .

Attorney at Law Hon. Pamila J. Brown BOG Liaison District Court, Howard County Alan S. Carmel Attorney at Law Sarah Dawn Cline Attorney at Law Adam Sean Cohen Attorney at Law Delegate Kathleen M. Dumais District 15 Suzanne K. Farace Attorney at Law Barry L. Gogel Attorney at Law Michael I. Gordon 
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Powers of Attorney Act 2003 A Commentary - Law Society of New South Wales

POWERS OF ATTORNEY ACT 2003: A COMMENTARY 6 POWERS OF ATTORNEY ACT 2003: COMMENTARY The commentary is provided in black text. Reference to the "Act" is a reference to the Powers of Attorney Act 2003 as amended. Reference to the "Regulation" is a reference to the Powers of Attorney Regulation 2011, recently amended by the Powers of Attorney Amendment Act 2013 and the Powers of
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California Safe Drinking Water and Toxic Enforcement Act .

District Attorney of Madera County 209 West Yosemite Avenue Madera, CA 93637 District Attorney of Marin County 3501 Civic Center Drive, Rm. 130 San Rafael, CA 94903 District Attorney of Mariposa County P.O. Box 730 Mariposa, CA 95338 District Attorney of Mendocino County P.O. Box 1000 Ukiah, CA 95482 District Attorney of Merced County
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IN THE UNITED STATES COURT OF APPEALS FOR THE FIRST 

Mar 06, 2020 · Attorney General of New Jersey Assistant Attorney General Counsel of Record Attorney for Amicus Curiae JOHN T. PASSANTE State of New Jersey Deputy Attorney General New Jersey Attorney General’s Office Richard J. Hughes Justice Complex 25 Market Street Trenton, NJ 086
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ATTORNEY HANDBOOK - United States Courts

e. Each attorney's or pro se litigant's name must be typed and signed on the last page of the complaint, with: (1) his/her address (2) telephone number (3) if a Pennsylvania attorney, his/her Pennsylvania Attorney ID Number f. To file a complaint, the attorney must have an electronic signature on the complaint and must have an electronic
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Power of Attorney - FedEx

Show the date the Power of Attorney is signed. Corporation Power of Attorney Partnership 1 10 9 8 7 6 5 4 3 2 12 11 1 10 9 8 7 6 5 4 3 2 12 11 1 10 9 8 7 6 5 4 3 2 12 11 Rev 6/13 The number preceding each instruction corresponds to the same number on the example of the power of attorney form. Customs Power of Attorney, Designation as Export .
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Powers of Attorney - Ontario

attorney, a family member or friend may have to apply to be appointed as guardian. Powers of attorney that were properly made under previous laws of Ontario remain legally valid. The forms for a Continuing Power of Attorney for Property and a Power of Attorney for Personal Care contained in this booklet were revised on March 29, 1996 in accordance
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STATUTORY POWER OF ATTORNEY - eForms

repudiated the power of attorney; and the power of attorney still is in full force and effect. 5. I/we make this affidavit for the purpose of inducing _ to accept delivery of the above described instrument, as executed by me/us in my/our capacity of attorney(s)-in-fact for the Principal. _, Attorney-in-fact
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John J. Hoffman Acting Attorney General of New Jersey

JOHN J. HOFFMAN ACTING ATTORNEY GENERAL OF NEW JERSEY Division of Law 124 Halsey Street — 5th Floor P.O. Box 45029 Newark, New Jersey 07101 Attorney for Plaintiffs By: Jah-Juin Ho - #033032007 Deputy Attorney General 973-648-2500 JOHN J. HOFFMAN, Acting Attorney General of the State of New Jersey, and ERIC T.
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Options in Oregon to Help Another Person Make Decisions

Power of Attorney A “Power of Attorney” is a legal document that allows a person to give another person (called an “agent”) the right to act on the person’s behalf. A “Power of Attorney” in Oregon can only be used for financial decisions. The way a “Power of Attorney” is written is important. The authority given to the agent can
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- fcdfa

FRESNO COUNTY SUPERIOR COURT By DEPT.402 JAN SCULLY District Attorney, County of Sacramento RUTH YOUNG, State Bar No. 133606 Deputy District Attorney 906 G Street, Suite 700 Sacramento, CA 95814 Telephone: (916) 874-6174 JACKIE LACEY District Attorney, County of Los Angeles STUART C. LYTTON, State Bar No. 114241 Deputy District Attorney
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Non-Attorney E-File Registration

your motion for e-filing access. Instructions to submit the Non-Attorney E-File Registration: 1. Register for a Non-Attorney Filer Account on the PACER website at www.pacer.uscourts.gov. If you already have a PACER Account, login to Manage My Account, select Non-Attorney E-File Re
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