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TEST UNCERTAINTY RATIO (TUR) AND TEST UNCERTAINTYbySamira KhanamA dissertation submitted to the faculty ofThe University of North Carolina at Charlottein partial fulfillment of the requirementsfor the degree of Doctor of Philosophy inMechanical EngineeringCharlotte2009Approved by:Dr. Edward MorseDr. J. RajaDr. You-lan ZhuDr. Zhi Zhang
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iiiABSTRACTSAMIRA KHANAM. Test uncertainty ratio (TUR) and test uncertainty. (Under thedirection of DR. EDWARD MORSE)Measurement uncertainty is a natural parameter that can be used to characterizeany measurement process. Continually increasing demands of higher and higherdimensional accuracy in manufactured components places similar demands on the fieldof dimensional measurement, as manufacturers strive for lower uncertainty associatedwith the results of measurement. Complete elimination of uncertainty in manufacturingand measurement is not the intent of this research, as only the reduction of uncertainty ispossible, and the reduction of uncertainty comes at a cost. Given that similarmanufacturing and measurement equipment is available across industries, it is often thecase that the better one can estimate these uncertainties, the greater the competitiveadvantage as money to reduce uncertainty – thereby improving quality – can be used inthe most effective way. The objective of this research is to analyze the impact of twodifferent kinds of uncertainty – the "Test Uncertainty Ratio" and "Test Uncertainty" – forboth manufacturers of measurement equipment and their customers. This impactinfluenced both by their understanding of what the uncertainty represents, as well as theirability to characterize this uncertainty.Measuring equipment often has a stated 'accuracy' within which it can beexpected to perform.However, some complex measurements performed with thisequipment have additional uncertainty contributors, and the resulting measurement is lessaccurate (i.e. has a greater uncertainty) than the instrument's stated performance. TheTest Uncertainty Ratio (TUR) for a measuring process is one of a family of metrics that
ivrelate the tolerance for a measurand to the uncertainty present in performing thatmeasurement. This ratio is used in industry to describe the measurement capability of asystem or process, but often is not based on a realistic estimation of the uncertaintypresent. This research clarifies the uncertainty contributors for the calculation of thismetric, and experimentally validates different estimation techniques. It is common toperform a test of the instrument on an artifact with known dimensions, when buying andselling metrology tools. The errors obtained during this test are used to evaluate theinstrument, but the errors will reflect not only instrument deficiencies, but also improperuse of the instrument, and incomplete knowledge of the test artifact. The contributors tothe errors in this type of test that are not associated with the instrument itself have beenlumped into a term called Test Uncertainty. This is a new concept, and is receiving muchattention in both the accreditation of metrology laboratories and in national andinternational standards writing bodies. This research in the area of test uncertaintydevelops a consistent way of considering test uncertainty and its influence in theevaluation of measuring instruments. Experimental results support the method ofdecomposing uncertainty contributors into those that do and do not affect the testuncertainty.
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CHAPTER 1: INTRODUCTIONThe history of measurement processes is comprised of scientific advancements.To improve the quality of the products, measurements have a significant role in manybusiness sectors, especially in the manufacturing industries. In the evaluation process ofmanufactured products, measurement systems play a key role. The acceptability of themeasurement systems depends on their ability to produce accurate measurement results.The measurement results need to verify that products meet the expected quality levels forboth for the suppliers and the customers. Each measurement contains errors due to thelimits of instruments and the people using them. Different methods have been developedto estimate the measurement errors that may occur. One of these methods is the use ofmeasurement uncertainty. Measurement uncertainty is a description of the collection ofall possible measurement errors [4]. A measurement result can only be complete when itis expressed with a statement of its uncertainty. The quality of a measurement result isreflected in its uncertainty with reference to its value and its traceability to theinternational systems units through various national and international standards [2].The uncertainty of measurement results is a key concern to both industries andtheir customers. Measurement results can be used in decision making when the data areanalyzed with uncertainty. The uncertainty statement is important in manufacturingindustries, as well as testing and calibration laboratories, not only for acceptability of part
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2and processes but also to reduce the cost. The accuracy of measurements, characterizedby uncertainty, affects all of us in trade.1.1 Measurement UncertaintyThe measurement process is complicated by the presence of intrinsic variationswhich affect the measurement results. Consequently, measurement results will alwayscontain errors. This error is defined as the difference between the measurement resultand the true value of the quantity being measured. In practice, no one can know the truevalue, so a test of a measuring system compares the measured value to a reference value.The reference value and its uncertainty are accepted as valid to evaluate a measuringsystem.If calibrated at NIST (National Institute of Standards and Technology) oranother recognized national metrology institute, the true value is accepted to be thatreference value, within the stated uncertainty. Measurement Uncertainty is defined as“the parameter, associated with the result of a measurement that characterizes thedispersion of the values that could reasonably be attributed to the measurand” [3]. Theterm measurand is defined as the quantity subject to a measurement. One widely acceptedmethod to calculate uncertainty is defined in “Guide to expression of Uncertainty inMeasurement” [5], or GUM. The first step is to identify the sources of errors (thecontributors) of uncertainty. These contributors include the environment, themeasurement equipment, the measuring procedure, measurement set-up, and even themetrologist performing the measurement. After finding all relevant sources ofuncertainty, it is necessary to calculate a standard uncertainty for each individual source.There are two types of evaluation of standard uncertainty: Type A – which is evaluatedby statistical means and Type B – which is evaluated by methods other than statistics.
3The next step is to work out combined uncertainty, which – for independent contributors– is the root sum square of individual uncertainty terms. Finally, the expandeduncertainty is calculated using an appropriate coverage factor. The expanded uncertaintycan be thought of as a confidence interval within which the true is expected to lie.Estimating measurement uncertainty is explained in detail in chapter 2. This dissertationexamines the application of measurement uncertainty in two different contexts:determining the suitability of a measuring process for a given task, and determining thequality of test method and test method for evaluating a measuring instrument.1.2 Test Uncertainty Ratio (TUR)Measurement equipment performs an essential task in the production process.Presently, the quality of the product is the main concern for manufacturing industries.The increase in the expectation of the quality of the products drives designers to utilizetighter tolerances, and as a result the products acceptance criteria become inflexible.Different powerful methods have been developed in the industry to verify the acceptanceof the product such as Gage R&R and to find the measurement capability of themeasurement equipment such as P/T. One such method analyzed in this research is theTest Uncertainty Ratio (TUR). It helps to verify that the acceptance of the manufacturedproduct is reliable, and also to find the measurement capability of measurementequipment. In its most simple form, TUR is the ratio between the tolerance for a specificmeasurand and the uncertainty in determining the measured value for that measurand.This ratio has the specified tolerance in the numerator, and the uncertainty in thedenominator. Currently, a ratio of 4:1 or even 3:1 is considered acceptable. The highervalue of the ratio indicates the better the performance of the test. To calculate TUR one
4needs to know tolerance and the uncertainty. Tolerances appear in the manufacturer'sproduct specification. The other term, uncertainty, is the main concern to calculate TUR.To provide a meaningful TUR, the uncertainty must be evaluated for each specific task ina specific measurement plan. There is no single value that is appropriate for everymeasuring task performed by a given instrument. The TUR needs to be calculated foreach task separately. This approach to the Test Uncertainty Ratio is explained in detail inchapter 5.1.3 Test UncertaintyTest uncertainty is a new concept in the field of evaluating measurementprocesses. When one is testing a piece of equipment, the uncertainty during that test isknown as test uncertainty. When calibrating instruments, some common sources of errorsare the measurement equipment itself, the person who is doing the test (the tester), andthe artifact from which the reference value is obtained. As the instrument is beingcalibrated, the error from the instrument itself is not included in test uncertainty. The testuncertainty captures the ability of the test to evaluate the instrument, so its value issmaller than the regular measurement uncertainty that occurs when the instrument is usedto measure work pieces. When calibrating the instrument, the uncertainty due to theartifact and the tester are primary contributors to the test uncertainty. The research in thisdissertation has revealed that the artifact uncertainty is usually does not influence the testuncertainty on a large scale. Influences that fall under the tester's responsibility, includingthe performance of the tester when doing the test, has great influence on the calibrationresults. So test uncertainty result varies with the performance of the human operator(tester). The effectiveness of the test can be increased by increasing the performance of
5the tester; consequently test uncertainty value will be decreased. Test uncertainty doesnot indicate the instrument's performance; it is only the indication of the quality of thetest. Test uncertainty explained in detail in chapter 6.1.4 Objective of this researchThe lack of industrial knowledge and understanding concerning the use ofmeasurement capability analysis for metrology tools, and also the need for guidance inclassifying the different kinds of uncertainty present in the testing and calibration ofinstruments are the main motivation behind this project.The goals of this project are To develop a guideline on how to use TUR in industry, both to find themeasurement capability of measuring instruments and in the inspection ofmanufactured products. To provide a useful uncertainty model that supports decision rules for instrumenttest criteria, facilitating the buying and selling of metrology equipment, and inequipment calibration. To support B89 and ISO Standards activity, and the NCSLI dimensionalcommittee. New efforts are underway in each group studying test uncertainty.This thesis develops a method for using TUR which will help industries toevaluate measurement equipments’ capability, to do comparisons of the capabilitiesbetween measurement equipment, and also to check the acceptability of the end products.Next, this thesis provides a model to explain test uncertainty in a way that is consistentwith existing view of uncertainty. This work will assist different standard groups, andgive a guideline to better understanding of using specifications in the buying and selling
6of measurement equipment.It will provide a consistent vocabulary for terms and definitions related to uncertainty, aswell as computer simulations and experimental measurements on actual measuringequipment and compare to these estimates to support the goal. It will also assist users ofmetrology equipment by giving a clear understanding of the relationship betweenprecision, accuracy, repeatability, reproducibility and total variability in themeasurements. It will also provide a platform to evaluate the task specific uncertainty notonly for simple measurements, but also for the complex measurements performed using acoordinate measuring machine (CMM).Different part positions, fitting algorithms,sampling strategy can be use to evaluate task specific uncertainty. Theoretical methodsthat are used include simulation software (PUNDIT, commercial software to evaluateuncertainty for CMMs) and MATLAB (Mathematics software) programs for thisevaluation. Practical measurement experiments have been done using a CMM with PCDMIS software.
CHAPTER 2: MEASUREMENT UNCERTAINTYMeasurement is the process or set of operations to assign the value of particularquantity. The assigned value is called the measurement result which describe the quantitywhich is measured. It is the charactaristics of an object like the size, position, length. Inthe Measurement system analysis reference manual, a measurement system defined as“the collection of operations, procedures, gages, and other equipment, software andpersonnel used to assign a number to the characteristics being measured; the completeprocess used to obtain a measurement.”Measurand need to define first for the measurement process. A measurand is aspecific quantity subject to measurement. To define the measurand one should considerthe factors which influence the measurement process and expected accuracy ofmeasurement result.Some examples: The temperature is an important information in defining the measurandwhen the length of iron bar is measured in micron level accuracy. The measurandin this case can be defined as the length of iron bar at 200 C. The tension of the rope need to define when measurand is the length of arope because it affects the measured length of the rope. For the calibration of dial gages and calipers if the measurand is thelength of gage block used as a reference standard the temperature at which the
8measurement is to be done is important information. The measurand in this casecan be defined as the length of gage block 300 C and 50% relative himidity. [2]So the measurand is a attribute which need to define and it is important to mention theenvironmental condition under which measurement proceeded.Measurement result is the out put of the measurement process or can be define asnumerical value of the measurand. The output result for an ideal and perfect measurementsystem can be define as true value of the measurand. In this case repeat observations willconsistently give exactly same result, so there would be no error. But in reality this doesnot exist. So the measurement results are compared with reference value which can beknown from measurement standard. This is not the exactly true value but close to truevalue. Many factors influence the result of the process like measurement equipment,environment, skill of the person who is doing the measurement etc.These factorsinfluence in the variations in the measurement result and consequently measurementresults always associated with error. Error is the difference between the true value and themeasurment result. True value as mentioned can never be known. So it is a qualatativeconcept, can not be quantified . Repeat measurement is also important for the reliabilityof the measurement results. One can not make decision only depend on a singlemeasurement result. So measurement results introduce uncertainty in the measurementprocess which can be quantified. The estimated interval, which quatifies the “ how goodor how bad” part of the measurement result , is called measurement uncertainty[2]. It canbe express as an interval between two values within minimum and maximum values. Thetrue value is expected in this range. For example a measurement result is 20.00 with theuncertainty interval 19.90 to 20.20. The range of the interval is 0.20. It can be define as
920.00 0.20. So measurement results can be characterized by measurement uncertainty.The uncertainty in measurements should be small enough that the measurements meet thespecifications needs for which they are made[2].FIGURE 1 is showing the difference between error and uncertainty.µErrorxUncertaintyxFIGURE 1: Graphical representation of error and uncertainty [2]It is essential to analyze the measurement steps to find the resons for variations inmeasurement results and taking actions accordingly to lessen the unceratinty value.Statistical analysis of the measurement results are used to evaluate uncertainty.2.1 Uncertainty ContributorsAny component that affects the result of a measurement is considered as anuncertainty contributors. Some of the most common contributors are shown in FIGURE 2from ISO 14253-2.
10FIGURE 2: Uncertainty Contributors in measurementFrom ISO-14253-2 the contributors are described below.1. Environment for the measurementThe measurement process is influenced by the environment conditions liketemperature of the room, part, time variations in measurement steps, humidity of theroom. Temperature is the main contributor of the environment. It may influence both themeasurement process and measurand. When measuring the length of a block thetemperature variation may effect on the result of measurand.The environment is alsoinfluenced by the vibration of the measurement tool or object where it is placed, heatradiation, air flow, instrument thermal equivalent.
112. Reference element of measurement equipmentThe measurement process is influenced by the reference element of measuringequipment like stability, scale mark quality, temperature expansion coefficient,resolution of the main scale ( analogue or digital). When measuring the diameter of acylinder because of the resolution or stablity of measuring equipment it may effect onthe result of measurand. Some other factors like physical principle: line scale, opticaldigital scale, spindle, rack and pinoion, interferometer, CCD-techniques,uncertainty ofthe calibration, time since calibration may contributors of measurement uncertainty.3. Measuring EquipmentThe measurement process is influenced by measuring equipment likemagnification, electrical or mechanical, error wavelength, zero-point stability, forcestability/ absolute force, probe system, geometrical imperfections, stiffness/rigidity,temperature stability/sensitivity, parallaxes, time since last calibration, digitization.4. Measurement Setup (excluding the placement and clamping of the workpiece)Measurement setup like cosine and sine errors, temperature sensetivity,stiffness/rigidity, Abbe principle, tip radius, form deviation of tip, interaction betweenworkpiece and setup influence in the measurement procedure.5. Software and CalculationsMeasurand and measurement process are influenced by rounding/quantification,algorithms,implementation of algorithms, number of significant digits in thecomputation, sampling, filtering.
126. MetrologistThe performane of the metrologist one of the important source of uncertainty. ,training,physicaldisadvantage/ability, knowledge, honesty, dedication all may influence to measurementresult.7. Measuring Object, workpiece or measuring instrument characteristicCharateristics of measuring object, workpiece, measuring instrument like surfaceroughness, form deviations, temperature expansion coefficient, conductivity, weight, size,shape, cleanliness, workpiece distrotion due to clamping, orientation may influence in themeasurment procedure. When measuring diameter of a ball if the surface is rough it willeffect on the result of the measurand.8. Definition of the GPS characteristic, workpiece or measuring instrument characteristicsDatum, reference system, degrees of freedom, toleranced feature, distance, anglethese characteristics are also contributors of uncertainty.9. Measuring ProcedureNumber of measurements, duration of measurements, alignment, choise ofapparatus, choise of metrologist, number of operators, strategy, clamping, fixturing,numper of points, probing principle and strategy, alignment of probing system, driftcheck, reversal measirements, error seperation all the factors may contributor ofuncertainty. For example if number of measurement is more the result may reflect morereliability.
13Physical Constants and conversion factors, material properties of the workpiece,measuring instrument etc. also influence the measurement procedure.2.2 DefinitionsTo Understand Measurement Uncertainty, it is necessary to understand someterms in details. These are explained from the International Vocabulary of Basic andGeneral Terms in Metrology (VIM) and the Guide to Expression of Uncertainty inMeasurement (GUM).MeasurementMeasurement is a process of experimentally obtaining one or more quantityvalues that can reasonably be attributed to a quantity.Measurement does not apply to nominal properties. It implies comparison ofquantities and includes counting of entities. It presupposes a description of the quantitycommensurate with the intended use of a measurement result, a measurement procedure,and a calibrated measuring system operating according to the specified measurementprocedure, including the measurement conditions.MeasurandQuantity intended to be measured.The specification of a measurand requires knowledge of the kind of quantity,description of the state of the phenomenon, body, or substance carrying the quantity,including any relevant component, and the chemical entities involved.Measurement methodMeasurement method describes generic description of a logical organization ofoperations used in a measurement.Measurement methods may be qualified in various ways such as:
14— Direct measurement method, and— Indirect measurement method.Measurement procedureDetailed description of a measurement according to one or more measurementprinciples and to a given measurement method, based on a measurement modeland including any calculation to obtain a measurement result.A measurement procedure is usually documented in sufficient detail to enable anoperator to perform a measurement.Measurement resultResult of measurement can be defined as a set of quantity values being attributedto a measurand together with any other available relevant information.A measurement result generally contains “relevant information” about the set ofquantity values, such that some may be more representative of the measurand than others.This may be expressed in the form of a probability density function (PDF). Ameasurement result is generally expressed as a single measured quantity value and ameasurement uncertainty. If the measurement uncertainty is considered to be negligiblefor some purpose, the measurement result may be expressed as a single measuredquantity value. In many fields, this is the common way of expressing a measurementresult.True quantity value (True value)True value of a quantity is true value.It is consistent with the definition of a quantity. In the error approach todescribing measurement, a true quantity value is considered unique
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fractional uncertainty or, when appropriate, the percent uncertainty. Example 2. In the example above the fractional uncertainty is 12 0.036 3.6% 330 Vml Vml (0.13) Reducing random uncertainty by repeated observation By taking a large number of individual measurements, we can use statistics to reduce the random uncertainty of a quantity.
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73.2 cm if you are using a ruler that measures mm? 0.00007 Step 1 : Find Absolute Uncertainty ½ * 1mm 0.5 mm absolute uncertainty Step 2 convert uncertainty to same units as measurement (cm): x 0.05 cm Step 3: Calculate Relative Uncertainty Absolute Uncertainty Measurement Relative Uncertainty 1
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Uncertainty in volume: DVm 001. 3 or 001 668 100 0 1497006 0 1 3 3. %. % .% m m ª Uncertainty in density is the sum of the uncertainty percentage of mass and volume, but the volume is one-tenth that of the mass, so we just keep the resultant uncertainty at 1%. r 186 1.%kgm-3 (for a percentage of uncertainty) Where 1% of the density is .
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wealth of information in the Oriental Adventures book and the Kara-Tur campaign set, including spells, weapons, magical items, and character classes unique to the eastern realms. Two concepts merit special mention: Spirits. In Kara-Tur, the spirit world closely touches the world of men, and spirits may share several traits with humans. Many
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MEDALLISTS BY WEIGHT CATEGORY 8th Turkish Open Taekwondo Tournament As of 17 MAR 2021 After 16 of 16 Weight Categories Event Date Medal Name NOC Code MEN -54kg THU 11 MAR GOLD POLAT Gorkem TUR SILVER BALABAN Server TUR BRONZE YASAR Sercan Celil TUR BRONZE SALMI Adem TUN MEN -58kg FRI 12 MAR GOLD JENDOUBI Mohamed Khalil TUN SILVER VICENTE YUNTA .
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Dealing with Uncertainty: A Survey of Theories and Practices Yiping Li, Jianwen Chen, and Ling Feng,Member, IEEE Abstract—Uncertainty accompanies our life processes and covers almost all fields of scientific studies. Two general categories of uncertainty, namely, aleatory uncertainty and epistemic uncertainty, exist in the world.
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economic policy uncertainty index, while the trade policy uncertainty index is used in Section 5. Concluding remarks follow. 2. Literature on policy uncertainty and trade There is a large body of theoretical and empirical work that studies the impact of uncertainty, and of policy 
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AUTOMOTIVE EMC TEST SYSTEMS FOR AUTOMOTIVE ELECTRONICS AUTOMOTIVE EMC TEST SYSTEMS FOR AUTOMOTIVE ELECTRONICS Step 1 Step 2 Step 3: Set the parameters Step 4: Active test. Load dump pulses have high pulse energy, which can be highly destructive to electrical or electronic equipment. The LD 200N series simulates these pulses with high energy in a range of up to 1.2 seconds. The LD 200N .




2y ago




262 Views






















Automotive Manufacturing - Select Georgia

Jobs created by Georgia’s automotive-related locations Toyo Tire North America Manufacturing and expansions in the last three years 32,000 Automotive-related engineers and production workers in Georgia Sources: EMSI 2020.3, press releases and Automotive Database, Georgia Power Community & Economic Development, 2020 Automotive Manufacturing
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#1 OSAT for Automotive Packaging and Test

We Know Automotive Amkor has extensive experience with automotive process requirements shipping billions of units every year for automotive applications. Our packages meet or exceed automotive quality, reliability, burn-in and safe launch plan criteria. Amkor also has failure analysis, tri-temp test and statistical process capability in all .
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Ipsos Automotive Center of Excellence

Global Automotive Center of Excellence -2014 Ipsos Automotive 9 Automotive Center of Excellence As global automotive markets get more sophisticated, they require vehicle manufacturers to offer the most relevant market propositions to match consumer needs. There is greater value than ever before for a global research partner, who understands
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All about automotive engineering in a pocketbook The 8th edition has .

Automotive Automotive Handbook Handbook All about automotive engineering in a pocketbook The 8th edition has been revised and extended. Automotive Handbook Reference handbook for academic and personal use. ISBN 978--7680-4851-3 Contents - central themes Basic principles: physics, materials, machine parts, joining and bonding techniques
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Brochure: Advanced Flash Storage Solutions for Automotive Applications

iNAND Automotive Embedded Flash Drives (EFDs) are designed to support the harsh environments, high reliability and quality required by the automotive industry. The automotive iNAND product portfolio supports both UFS and e.MMC interfaces in a small 11.5x13mm package with a wide range of capacities to provide automotive OEMs and Tier-1
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Industry Skills Forecast and Proposed Schedule of Work Automotive

Executive summary The Automotive Retail, Service and Repair (AUR) and Automotive Manufacturing (AUM) Training Packages are critical elements in the Vocational Education and Training (VET) system, playing central roles in the training of learners that engage in the automotive industries. A productive and valuable Automotive Training
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Automotive Programs Student Handbook - SCCIowa

include a basic knowledge of all facets of the automotive repair industry, followed by classroom practice and drills of basic skills utilized in the automotive repair industry. The curriculum includes an internship experience in an automotive repair business. The curriculum is evaluated and revised as automotive repair needs change in the industry.
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automotIve

automotive manufacturers worldwide. Those companies that take a forward-thinking approach will gain a competitive advantage and secure a leadership position in a realigned automotive value chain. At Seco, we partner with OEMs and other vehicle-based organisations around the globe to help automotive manufacturers overcome their
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