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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
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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
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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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Request for Proposals for VILLAGE SOLICITOR

705.11 Village solicitor or city director of law - duties. “The village solicitor or city director of law shall act as the legal advisor to and attorney for the municipal corporation, and for all officers of the municipal corporation in matters relating to their official duties.
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Appellee'S Answering Brief - Dol

APPELLEE'S ANSWERING BRIEF . KATE S. O'SCANNLAIN THOMAS TSO . Solicitor of Labor Counsel for Appellate and Special Litigation . G. WILLIAM SCOTT Associate Solicitor JEFFREY M. HAHN for Plan Benefits Security Senior Trial Attorney . U.S. Department of Labor Office of the Solicitor 200 Constitution Ave. N.W. Room N-4611 Washington, D.C. 20210
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Alb erta Solicitor Gene nd Min of Publi c Sec

Alberta Solicitor General and Ministry of Public Security Alberta Basic Security Training Jan-14 Module One: Introduction to the Security Industry, Page 1 Module One: Introduction to the Security Industry When you decided to enroll in this course, you presumably did so because you have a desire or need to work in the security industry in Alberta.
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REQUEST FOR PROPOSALS FOR PROFESSIONAL SERVICES FOR .

The State Solicitor is appointed by the Attorney General and reports through the Chief Deputy Attorney General. As set forth at 29 Del. C. § 2505 (b), the State Solicitor is responsible for all civil actions and matters wherein the State or its agencies or subdivisions are involved and has such powers as the Attorney General shall designate.




2y ago




186 Views






















Interviewing and advising

(d) To have the solicitor’s full attention. (e) To sit in reasonable comfort. (f) No physical barriers between us and our solicitor to impede communication. (g) Not to be kept waiting. The bare minimum, then, would appear to be a comfortable, quiet room where you
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Information for Trainee Solicitors on CV Preparation

Solicitor who trained in large law firm with a wide range of experience in banking and financial services, debt collection, commercial property and company law. EDUCATION April 2011 PPC II Completed - Qualified as a solicitor with Law Society of Ireland 2003-2007 Trinity College Dublin - BCL - 2.1 Honours
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STATE OF TEXAS, OFFICE OF THE SPECIAL MASTER Solicitor .

Jul 05, 2019 · FREDERICK LIU Assistant to the Solicitor General US Department of Justice 950 Pennsylvania Avenue, NW Washington, D.C. 20530-0001 JAMES J. DUBOIS* R. LEE LEININGER THOMAS K. SNODGRASS U.S. Department of Justice Environment & Natural Resources Division 999 18th Street South Terrace – Suite 3
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WILLIAM K W LEUNG & CO

Articleship with : Isadore Goldman, a top City of London firm specializing in insolvency (corporate); recovery; commercial and international litigation. 1986 – 1988 (2) Assistant Solicitor with . Wilkinson & Grist, a reputable local solicitor firm . 1990 (3) Corporate Finance Associate wit
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Newsletter of Tweed Valley Jazz Club

SOUTHERN CROSS CREDIT UNION 2 Commercial Road, Murwillumbah Ph. 6672 2744 TWEED ENDEAVOUR CRUISES River Terrace, Tweed Heads Ph. 0755 368800 RUSSELL J BAXTER SOLICITOR N.S.W. & QLD (Honorary Club Solicitor) 28 Recreation Street, Tweed Heads Ph. 0755 992266 AN
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IN THE HULL CROWN COURT R -v- WILLIAM FLANNIGAN

Adams, who worked for a well-known and reputable firm in Hull known as Cooper Wilkin Chapman. It is clear from the evidence that the recommendation to use this solicitor was just that; a recommendation. There was no obligation to use this solicitor and the purchasers were at liberty to use th
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JAMES S. M. KITCHEN Suite 224 BARRISTER & SOLICITOR Airdrie AB T4B 3C3

BARRISTER & SOLICITOR. 203-304 Main St S Suite 224 . Airdrie AB T4B 3C3 . Phone: 403-667-8575 . Email: james@jsmklaw.ca [2] COVID mRNA vaccines (Pfizer and Moderna). She is also compelled to maintain both the physical and spiritual integrity of her body by asserting her God-given prior right to decline
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Rules of Court - WordPress 

and includes a Registrar, Court interpreter, bailiff, clerk, process server or other officer who is attached to a Court; "solicitor" means an advocate and solicitor as defined in section 3 of the Legal Profession Act 1976 [Act 166]; "Registry" means the Registry of the High Court, the Sessions Court or the Magistrates' Court;
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Financial Statement for a variation of an order for a financial remedy .

If there is not enough room on the form for any particular piece of information, you may continue on an . attached sheet of paper. If you are in doubt about how to complete any part of this form you should seek legal advice. This statement is filed by (give name and address of solicitor) Solicitor's fee account no.
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SOLICITOR - Charleston County Bar Association

101 Meeting St., Ste 400, Charleston, SC 29401. Main No: 843 958-1900 Fx:- 843 958-1905 Front Desk Line #2: 843 958-1927 . Direct Access is 843 958-**** Website: www.scsolicitor9.org. E-mail: solicitor@scsolicitor9.org. . Moncks Corner, SC 29461. Berkeley Number. 843 719-4529 . Charleston Number .843 723- 3800 ext.4529 .
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DIGES T - academy.difc.ae

The Qualified Lawyers Transfer Scheme (QLTS) allows qualified lawyers in other jurisdictions to qualify as a solicitor in England and Wales. The English legal profession is relatively open to international lawyers seeking to qualify as a solicitor and it does not impose restrictions to admission on grounds of nationality or residence.
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