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1. Purpose.  To inform the staff of OA, State Apprenticeship Agencies (SAA), Registered Apprenticeship program sponsors, and other Registered Apprenticeship partners of the following new National Occupational Framework (NOF) to an apprenticeable occupation:  Calibration Technician.

2. Action Requested.  OA staff should familiarize themselves with this bulletin and the attached Work Process Schedule and Related Instruction Outline, as a source for developing apprenticeship standards and/or providing technical assistance.

Calibration Technician will be added to the List of Occupations Recognized as Apprenticeable by OA located on www.apprenticeship.gov.  A suggested Work Process Schedule and Related Instruction Outline are attached.

3. Summary and Background. 
Summary – The occupation Calibration Technician was submitted by Mr. Zachary Boren, Senior Policy Program Manager on behalf of Urban Institute, were processed by Dr. Ricky C. Godbolt, Program Analyst, and approved by the OA Acting Administrator on March 28, 2025. 

The National Office has approved a new National Occupational Framework (NOF), developed in partnership with the Urban Institute. This NOF has met industry standards and approval; it covers job titles and occupational pathways, related functions, and performance criteria, as well as academic, workplace and personal competencies for job success.  While use of NOFs in developing standards utilizing the competency-based training approach is voluntary, no additional vetting of a Work Process Schedule (WPS) utilizing the NOF should be required where a program aligns to the occupational framework described in a NOF, beyond the basic requirements set forth in 29 CFR Part 29.  While on-the-job learning (OJL) is ordinarily outlined in the WPS, sponsors who utilize a NOF must develop the Related Instruction Outline, which should be included in the standards.  Within certain limits, the sponsors of NOF apprenticeship programs are permitted to customize the job functions or competencies contained in a NOF for the Calibration Technician occupation.

However, OA encourages the use of all core competencies to be included in the approved WPS.  

Background – 

New/Revised Occupation Background - Under 29 CFR section 29.4, an occupation for a RAP must meet the following criteria to be determined apprenticeable:

a) Involve skills that are customarily learned in a practical way through a structured, systematic program of on-the job supervised learning:
b) Be clearly identified and commonly recognized throughout an industry;
c) Involve the progressive attainment of manual, mechanical, or technical skills and knowledge which, in accordance with the industry standard for the occupation, would require the completion of at least 2,000 hours of on-the-job learning to attain; and
d) Require related instruction to supplement the on-the job learning. 

4. New NOF Apprenticeable Occupation. The occupation Calibration Technician was submitted for an apprenticeability determination.

Calibration Technician
O*NET-SOC CODE:  17-3028.00
RAPIDS Code:  3098 
Type of Training:  Time-based, Hybrid, Competency-Based
Term Length: Time-based 3,000 hours, Hybrid 3,000 – 4,000; Competency-Based 1.5 years

Calibration Technician perform the following duties:
· Follows safety precautions and preliminary operations.
· Installs, fabricates, and develops equipment or parts.
· Conducts routine testing, calibration, and monitoring of equipment.
· Analyzes and interprets testing result data.
· Troubleshoots and repairs when results fall outside of the expected ranges.
· Follows scheduling and reporting procedures.
· Assures quality management.
Calibration Technicians ensure the accuracy and precision of measurements taken by test and manufacturing instruments. They are responsible for the calibration, inspection, testing, maintenance, and repair of equipment. They minimize and communicate any measurement uncertainty. This role is important for producing assured results, keeping processes safe, and can help to reduce costs from manufacturing errors.
The potential job titles of Calibration Technician are instrumentation technician, metrology technician, metrologist, maintenance and calibration technician, precision instrument and equipment repairers, test, measurement, and diagnostic equipment (TMDE) maintenance support specialist.
This occupational program excludes medical equipment preparers and timing device assemblers and adjusters. 
Apprenticeship Prerequisites:
High School diploma or equivalent.
5. Inquiries. If you have any questions, please contact Dr. Ricky C. Godbolt, Program Analyst, Division of Standards and Quality at (202) 693-3815 or Godbolt.Ricky.C@dol.gov .

6. Attachments. 
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Work Process Schedule



Instructions for Use:

Competency-based programs: In the “performance level achieved” column of the work process schedule (see examples starting on the next page), assess apprentices’ performances on each competency with the scale below. No monitoring of hours is required for this approach. See “Guidelines for Competency-Based, Hybrid and Time-Based Apprenticeship Training Approaches,” US Department of Labor, Employment and Training Administration, Office of Apprenticeship, October 20, 2015, https://www.apprenticeship.gov/sites/default/files/bulletins/Cir2016-01.pdf.

4—Competent/proficient (able to perform all elements of the task successfully and independently)

3—Satisfactory performance (able to perform elements of the task with minimal assistance)

2—Completed the task with significant assistance

1—Unsuccessfully attempted the task

0—No exposure (note the reason—absence, skill isn’t covered, etc.)

Time-based programs: In the “hours” row, specify the number of hours apprentices will fulfill for each job function. No assessment of competencies is required for this approach.

Hybrid programs: In the “performance level achieved” column, assess apprentices’ performances on each competency using the 0–4 scale above. In the “hours” row, identify a range of hours apprentices should spend working on each major job function. 




		Job Function 1: Follows safety precautions and preliminary operations





		Hours (time-based and hybrid programs only): 



		Competencies

		Core or optional

		Performance level achieved (0–4) (competency-based and hybrid programs only)





		A. Follows Material Safety Data Sheet (MSDS) information and notices. 

		Core

		



		B. Follows Lockout/Tagout (LOTO) procedures.

		Core

		



		C. Evaluates work area for safety issues and wears PPE as needed.

		Core

		



		D. Evaluates the environment in which equipment is to be installed.

		Core

		



		E. Selects necessary tools, materials, fixtures, and parts to perform calibration or testing.

		Core

		



		F. Performs visual inspection of unit under test for any damage or deficiencies.

		Core

		







		Job Function 2: Installs, fabricates, and develops equipment or parts





		Hours (time-based and hybrid programs only): 



		Competencies

		Core or optional

		Performance level achieved (0–4) (competency-based and hybrid programs only)





		A. Installs, upgrades, and optimizes measurement and test equipment.

		Core

		



		B. Installs, positions, and connects components, parts, finished products, or instruments for testing or operational purposes.

		Core

		



		C. Operates metalworking machines to fabricate housings, jigs, fittings, or fixtures.

		Core

		



		D. Verifies calibration part dimensions or clearances using precision measuring instruments to ensure conformance to specifications.

		Core

		



		E. Measures dimensions of calibration products to verify conformance to specifications, using measuring instruments, such as rulers, calipers, gauges, or micrometers.

		Core

		



		F. Cleans, maintains, calibrates, or repairs measuring instruments or test equipment, such as dial indicators, fixed gauges, or height gauges.

		Core

		



		G. Weighs materials, products, containers, or samples to verify packaging weights or ingredient quantities.

		Optional

		



		H. Fabricates and shapes materials using appropriate techniques as instructed.

		Optional

		



		I. Creates components that meet specified requirements.

		Optional

		



		J. Positions products, components, or parts for testing.

		Optional

		



		K. Collects or selects samples for testing or for use as models.

		Optional

		







		Job Function 3: Conducts routine testing, calibration, and monitoring of equipment



		Hours (time-based and hybrid programs only):



		Competencies

		Core or optional

		Performance level achieved (0–4) (competency-based and hybrid programs only)





		A. Reviews calibration and test procedures for assigned equipment to test.

		Core

		



		B. Performs warm up procedures on unit under test and equipment standards.

		Core

		



		C. Performs routine tests of and preventative maintenance for precision equipment.

		Core

		



		D. Keeps up-to-date and acts in accordance with established standards and procedures.

		Core

		



		E. Monitors machines that automatically measure, sort, or inspect products.

		Core

		



		F. Ensures that all outsourced calibrations are metrologically traceable to the International System of Units (SI) through national, international, or available intrinsic standards of measurement.

		Core

		



		G. Discards or rejects products, materials, or equipment not meeting specifications.

		Core

		



		H. Segregates unit(s) under test equipment that fail calibration or testing for further analysis.

		Core

		



		I. Enters calibration and test data into equipment tracking database.

		Core

		



		J. Places appropriate calibration and testing labels on unit under test.

		Core

		



		K. Inspects or tests raw materials, parts, or products to determine compliance with environmental standards.

		Optional

		



		L. Develops calibration procedures and processes.

		Optional

		



		M. Inspects or tests clean technology or green technology parts, products, or installations, such as fuel cells, solar panels, or air quality devices, for conformance to specifications or standards.

		Optional

		







		Job Function 4: Analyzes and interprets testing result data



		Hours (time-based and hybrid programs only):



		Competencies

		Core or optional

		Performance level achieved (0–4) (competency-based and hybrid programs only)





		A. Records and accurately enters calibration data into tracking database. 

		Core

		



		B. Applies uncertainties to measurements made.

		Core

		



		C. Analyzes test data to identify defects or determine calibration requirements.

		Core

		



		D. Determines measurement uncertainty with one of various methods, including confidence levels, degrees of freedom, root sum square, and variance.

		Core

		



		E. Interprets schematic diagrams, logic charts, sketches, and manufacturers’ manuals.

		Core

		



		F. Records inspection or test data, such as weights, temperatures, grades, or moisture content, and quantities inspected or graded.

		Core

		



		G. Follows company guidelines and reports appropriately, provides safety information, or recommends compliance procedures to contractors, craft workers, engineers, or property owners.

		Core

		



		H. Writes test or inspection reports describing results, recommendations, or needed repairs.

		Core

		







		Job Function 5: Troubleshoots and repairs when results fall outside of the expected ranges



		Hours (time-based and hybrid programs only):



		Competencies

		Core or optional

		Performance level achieved (0–4) (competency-based and hybrid programs only)





		A. Demonstrates fault finding techniques by collecting and analyzing evidence, locating the fault, determining and removing the cause, rectifying the fault, and checking the system when approaching system evaluations.

		Core

		



		B. Uses original equipment manufacturer (OEM) operational equipment manuals for troubleshooting and test adjustment recommendations.

		Core

		



		C. Identifies out-of-tolerance conditions and performs corrective action via adjustments or component replacement.

		Core

		



		D. Performs basic maintenance, troubleshooting, and repair of precision equipment.

		Core

		



		E. Sends unit under test to OEM for repair when necessary.

		Core

		



		F. Adjusts, cleans, or repairs products or measuring equipment to correct defects found during inspections. 

		Core

		



		G. Orders, or follows procedures to request, replacement parts as necessary.

		Core

		



		H. Removes defects, such as chips, burrs, or lap corroded or pitted surfaces on the measuring equipment.

		Optional

		



		I. Monitors production operations or equipment to ensure conformance to specifications, making necessary process or assembly adjustments.

		Optional

		



		J. Compares colors, shapes, textures, or grades of products or materials with color charts, templates, or samples to verify conformance to standards.

		Optional 

		










		Job Function 6: Follows scheduling and reporting procedures



		Hours (time-based and hybrid programs only):



		Competencies

		Core or optional

		Performance level achieved (0–4) (competency-based and hybrid programs only)





		A. Demonstrates digital literacy required to receive, locate, and interpret instructions for work duties.

		Core

		



		B. Executes work schedule on time.

		Core

		



		C. Writes test or inspection reports describing results, recommendations, or needed repairs.

		Core

		



		D. Prepares technical support and operational workplans ahead of testing.

		Core

		



		E. Notifies supervisors or other personnel of production problems.

		Core

		



		F. Communicates with teammates to solve problems and execute work plans. 

		Core

		



		G. Builds schedules for the timing of measuring equipment and instrumentation evaluation.

		Optional

		



		H. Supports management of team’s workloads to meet business needs. 

		Optional

		



		I. Recommends corrective actions, based on inspection results.

		Optional

		



		J. Prepares equipment, tooling, materials, etc. and completes set up tasks before carrying out the technical support activity.

		Optional

		







		Job Function 7: Assures quality management



		Hours (time-based and hybrid programs only):



		Competencies

		Core or optional

		Performance level achieved (0–4) (competency-based and hybrid programs only)





		A. Reads engineering drawings, data, manuals, or other materials to determine specifications, inspection and testing procedures, adjustment methods, certification processes, formulas, or measuring instruments required.

		Core

		



		B. Selects, applies, and analyzes standard quality tools including process maps, check sheets, Pareto diagrams, cause and effect diagrams, scatter diagrams, control charts, and histograms.

		Core

		



		C. Grades, classifies, or sorts products according to sizes, weights, colors, or other specifications.

		Core

		



		D. Marks items with details, such as grade or acceptance-rejection status.

		Core

		



		E. Uses appropriate measurement documentary standards such as: ISO 9001, ISO 17025, and FDA Quality System Requirements.

		Core

		



		F. Applies appropriate geometric, dimensioning, and tolerancing (GD&T) principles to work assignments.

		Core

		



		G. Completes out-of-tolerance reports.

		Core

		



		H. Administers tests to assess whether operators are qualified to use equipment as directed.

		Core

		









		

		II

		[OCCUPATION]







		CALIBRATION TECHNICIAN

		III

		







Related Technical Instruction 

		Calibration Technicians

Program approach type (time-based, competency-based, hybrid): [specify]

		ONET Code: 17-3028

RAPIDS Code: 3098

 





 

Instructions for Use: 

Registered Apprenticeships must include at least 144 hours of Related Technical Instruction (RTI). Courses offered by accredited colleges and universities may be assigned a credit hour determination rather than a contact hour determination. In general, an academic credit unit is the equivalent of 15 clock hours of instruction. 

Development and Use of this RTI Outline: Employers and academic institutions may approach RTI in markedly different ways. Our goal was not to identify the single best way to provide RTI, or to identify a single provider whose content we deemed to be superior. Instead, our goal was to survey a number of education providers, including employers, institutions of higher education, high schools, private continuing education providers, labor organizations, professional associations and, in some cases, municipalities that provide worker training, to identify topics or courses common among those providers that align with the job functions included in this WPS. Those common topics or courses are reflected in the RTI Outline provided below, which may be useful in developing your RTI program or communicating your needs to an educational partner.

		Licensure or certification requirements: Although licensure or certification is not generally required in the field of metrology, some employers require metrologists to be certified calibration technicians. Certification is offered by the American Society for Quality (ASQ). Individuals must have five years of full-time, paid work in the field of calibration to qualify for certification.



		Degree requirements for licensure or certification, if applicable: A degree is not required for ASQ certification; however, completion of a diploma or degree program will reduce the number of paid work years required to become eligible for certification. 



		Accreditation requirements of instructional provider for licensure or certification, if applicable: Not applicable



		Anticipated changes in licensure or certification requirements, if known: None



		Examples of state licensure or certification requirements: None





 

		Examples of RTI providers for this occupation 



		Professional associations and labor organizations: NCSL International; the American Society for Quality (ASQ), International Society of Certified Electronics Technicians (ISCET, this is also the technical division of the NSDA—National Service Dealers Association), Electronics Technicians Association International (ETAI) Inc., International Society of Automation, Board of Certified Safety Professionals

Military: The United States Military Apprenticeship Program (USMAP) provides nationally recognized trade apprenticeships that can be earned for military on-the-job calibration training and technical instruction: computer operator, electronics technician, or industrial maintenance mechanic. At completion of the apprenticeship program, the military member will receive a Department of Labor certificate of completion and a journeyworker card. Military reimbursement is available for some external programs. 

States/municipalities: Not applicable 

Federal Agencies: The National Institute for Standards and Technology (NIST) Office of Weights and Measures provides education and training for metrologists (https://www.nist.gov/pml/owm/owm-training-and-events). 

Colleges and universities: Two- and four-year colleges offer degree and certificate programs in or related to metrology and measurement science. In some instances, there are named degree programs in measurement science, but in other cases, a student would pursue a degree in manufacturing, engineering technology, physics, etc. Some institutions also offer certificate programs in specialty areas, such as scale calibration. For a directory of degree and certificate programs related to measurement science and metrology, see NCSL International’s page on metrology education programs (https://ncsli.org/page/emp). 

No-cost online providers: Courses available on e-learning websites such as Udemy, Coursera, and EdX for calibration technicians and related studies in metrology. Some of these courses are low-cost or cost free, but in the case that a student wishes to participate in graded assignments or earn credit for the class, there may be association tuition and fees. Some employers offer free learning resources online. There are also training videos and podcasts on free platforms like YouTube provided by content creators. 

Continuing education or specialty education providers: Specialized schools for different fields of measurement sciences offer online programs/badges and more conventional certifications. There are also employers or employer affiliated training centers providing specialized training independently or in collaboration with schools (see, for example, https://careers.united.com/us/en/calibrate). Additionally, there are six DOL Registered Apprenticeship Programs offered by employers in the calibration technician field. There are also global training standards such as AUKOM and training centers providing classes to attain the certification (https://www.aukom.info). See also NSCL International (https://ncsli.org).








		Prerequisite knowledge, skills or experience typically required by RTI providers for this occupation 



		Some RTI providers may require individuals to demonstrate basic proficiency in reading and mathematics, such as by passing the Accuplacer proficiency exam or meeting minimum SAT/ACT score thresholds.







		Employer Onboarding



		Hours: 1–3



		Sample learning objectives

· Explain the mission of the employer’s organization.

· Explain the organizational structure of the employer’s organization.

· Explain the chain-of-command in the employer’s organization, as well as the steps and employee should take to report concerns about practices or behaviors in the workplace or to share ideas about how to improve processes or efficiencies.

· Explain the employer’s policies for workplace conduct and ethics.

· Explain the employer’s policies regarding medical leave and vacation.

· Explain the requirements of the apprenticeship program and the role of the apprentice in the organization’s business activities. 







		Technical Mathematics 



		Hours: 35–45 (these hours correlate with a typical 3-credit technical mathematics course)



		Sample learning objectives

· Perform calculations involving addition, subtraction, multiplication and division.

· Convert fractions to decimals and decimals to fractions; add, subtract, multiply and divide fractions and decimals and calculate proportions and ratios.

· Calculate rates of change.

· Calculate percentages and use percentages to determine the amount of materials to be used. 

· Measure properly using a tape measure, convert between measurement systems (such as English to metric), and determine unknown measurements using algebra, geometry or trigonometry.

· Use scientific notation and manipulate numbers expressed with exponents.

· Use algebraic techniques to solve for unknown variables, solve linear equations, follow correct order of operations, use the distributive law, solve systems of equations.

· Define the various types and components of triangles, determine interior and exterior triangle angles, use the Pythagorean Theorem to solve problems for right triangles, and determine perimeter and area of triangles.

· Identify squares, rectangles, parallelograms, trapezoids, hexagons, octagons, pentagons, and quadrilaterals, and calculate their perimeter and area.

· Calculate the diameter, radius, circumference, and arc of a circle.

· Use the Laws of Sines and Cosines to determine angles.

· Define and use mean, median, mode and standard deviation.

· Create and interpret graphs.







		Introduction to Measurement and Calibration



		Hours: 20 



		Sample learning objectives

· Explain the history and importance of metrology

· Explain the significance of standards and standardization and give examples of organizations or agencies that establish standards.

· Explain the relationships between national and international standards.

· Explain the considerations one must make to take accurate, reliable, and reproducible measurements.

· Define commonly used units of measure and perform conversions between different units and systems of measurement. Explain common international variances in measurement.

· Explain the importance of regulations that mandate measurement accuracy and provide examples of methods by which metrologists can help organizations meet regulatory requirements.

· Define the role of International Organization for Standardization (ISO) standards in manufacturing and explain how ISO standards are derived and maintained.

· Demonstrate the ability to use measurement tools and instruments commonly used in metrology, such as calipers, lasers, thermometers, Geiger counters, pipettes, balances and scales, etc.

· Differentiate between scientific, industrial, and legal metrology.

· Explain the role that the National Institute for Standards and Technology plays in developing and maintaining measurement and reference standards. 

· Explain the role of metrology in meeting the requirements of Good Manufacturing Practices (GMP).








		Physical, Chemical, and Biological Measurement Science



		Hours: 30–45 



		Sample learning objectives

· Explain the SI system (International System of Units), its base units and their relation to other units. Define, use the symbol for and provide an example of the following types of measurement: length, mass, time, electric current, temperature, luminous intensity, amount of substance.

· Explain the advantages of a base 10 measurement system and demonstrate the ability to properly use decimal points in taking, recording, and converting measurements. List the prefixes used in the metric system, the symbol used to represent each, and show the magnitude of each prefix using decimal and power of 10 nomenclature.

· Explain the factors that affect measurement results.

· Explain the role of primary standards and traceability, explain which organizations maintain primary standards, and discuss the process of measurement accreditation.

· Explain why atoms and molecules are measured in moles rather than mass and demonstrate the ability to calculate molarity and molality.

· Discuss the challenges in making biological and chemical measurements, and how they differ from physical measurements.

· Compare the use of Kelvin, Fahrenheit and Centigrade scales for measuring temperature and demonstrate the ability to convert between systems. 

· Express measurement results using the SI system.

· Demonstrate the ability to convert measurements in the metric system. 

· Define metrological traceability. 

· Differentiate between accuracy and precision, error and uncertainty, trueness, bias, repeatability and reproducibility, confidence level, and tolerance.

· Explain the significance of measurement uncertainty and techniques for guarding against it.

· Explain the importance of verifying and validating measurements and demonstrate the ability to perform verification and validation techniques.

· Explain the purpose of calibration certificates and demonstrate the ability to prepare one.

· Explain the safety risks that metrologists encounter, as well as the mitigation strategies used to reduce risk.










		Precision Dimensional Measurement



		Hours: 10–15



		Sample learning objectives

· Explain the operating principle of a caliper and demonstrate the ability to select the appropriate caliper based on the range of measurements to be made. Use a vernier caliper, a dial caliper, and an electronic caliper to make measurements.

· Describe common sources of error in measuring with calipers.

· Demonstrate the ability to inspect, maintain, and store calipers.

· Explain the purpose and operating principles of micrometers as well as the factors that affect micrometer performance.

· Demonstrate the ability to calibrate and use different types of micrometers to take measurements.

· Explain the purpose of gages and gage blocks in dimensional measurement and demonstrate the ability to use these tools to make precise measurements.

· Explain how interferometers work and why interference patterns in merging light or laser beams enable individuals to take very small measurements. Differentiate between Michelson interferometers and LIGO’s interferometer and discuss the impact of gravitational waves on LIGO’s interferometers. 

· Describe the types of optical instruments used in making dimensional measurements, explain the intended uses of each instrument, and demonstrate the ability to use a variety of optical instruments to take measurements.

· Explain the methods for and importance of making electrical measurements with extremely high precision. 








		Precision Mass Measurement



		Hours: 10–15



		Sample learning objectives

· Differentiate between mass and weight.

· Use SI units to express mass.

· Discuss the SI units used to define the kilogram, including Plank’s constant, the speed of light, and caesium-standard hyperfine transition.

· Discuss the specifications for reference weights and demonstrate the ability to inspect, clean, handle use, maintain, and store reference weights.

· Demonstrate the ability to perform the following weight measurements: direct reading measurements, weighing by differences, substitution weighing, ABA calibration, ABBA calibration, cyclic weighing, and weighing by subdivision.

· Describe the different types of balances used in making precision mass measurements and demonstrate the ability to use them to take accurate measures: two-pan balance, single pan mechanical balance, single pan electronic balance.

· Explain the purpose of and demonstrate the ability to apply buoyancy corrections. 

· Discuss the process for determining air density.

· Demonstrate the ability to determine the quality of mass measurements.

· List the sources of and calculate uncertainty in mass calibration. Describe strategies for minimizing uncertainty in mass measurements.







		Metrology in Engineering (optional)



		Hours: 10–15



		Sample learning objectives

· List and define the derived SI units used in measuring energy and electricity.

· Express measurements correctly.

· Describe the processes used to reduce uncertainty and improve the precision and accuracy of electronic measurements.

· Explain the importance of Geometrical Product Specification (GPS) in the manufacturing environment and the role of engineering drawings in defining part geometry and tolerance. 

· Discuss the role of datum features on drawings, technical documents or computer-aided design models. 

· Demonstrate the ability to use a surface table, angle plates, dial gauges, height gauges, gauge blocks, and a coordinated measuring machine to set up a datum system. 

· Explain the importance of taking temperature into account when manufacturing against GPS specifications.

· Properly interpret design drawings and make relevant measurements during the manufacturing process. 

· Demonstrate the ability to perform hand and machine measurements during the manufacturing process.

· Describe the relevance of 100 percent inspection versus batch sampling in the manufacturing process and demonstrate the ability to perform relevant measurements based on engineering drawings.

· Demonstrate the ability to measure surface texture.

· Explain how traceability impacts the uncertainty of measurement.

· Explain the ISO standards relevant to manufacturing measurements.









		Precision Temperature and Humidity Measurement



		Hours: 10–15



		Sample learning objectives

· Explain the importance of temperature and humidity measurements in the industrial, manufacturing, and medical environments.

· Explain the operating principles of a psychrometer and demonstrate the ability to properly use a psychrometer indoors and outdoors. 

· Compare and contrast the advantages and disadvantages of hygrometers, thermometers, and psychrometers. 

· Explain the sources of uncertainty of temperature and humidity measurement.

· Demonstrate the ability to use a thermocoupler to measure temperature.

· Demonstrate the ability to use a psychrometer in the laboratory and the field.

· Explain the impact of temperature on dimensional measurement and discuss how temperature impacts different materials in different ways.

· Explain fixed point cells and their use for calibration.

· Explain the use of Standard Platinum Resistance Thermometers (SPRTs) as transfer standards for thermometry.

· Explain the use of the International Temperature Scale of 1990 (ITS-90) temperature calibration scale.

· Explain the use of dry-block or dry-well calibration systems for industrial thermometer calibrations. 

· Explain the principles under which a thermistor functions and why it is an accurate and inexpensive tool for accurately measuring temperature. Explain the advantages of using thermistors in harsh environments or in places where there is electronic noise.

· Explain the use of infrared sensors in monitoring changes in temperature, and provide examples of common uses for infrared sensors in monitoring temperature changes.







		Precision Flow Measurement



		Hours: 10–15



		Sample learning objectives

Explain the history of flow measurement and reasons why flow measurement is important.

Explain the types of environments in which a metrologist may be asked to measure flow, as well as the types of substances of which flow is monitored.

Differentiate between measuring the flow of liquids, gases, and small particles.

Explain the operating principles of, and list examples of flow meters that make measurements based on differential pressure, positive displacement, velocity, mass or open channels. 

Describe the factors to consider when selecting a flow meter, such as the desired aspect of the measurement (accuracy, repeatability, range, linearity), as well as the substance being measured and the environment in which it is being measured.

Properly list and use the units of measure to express flow rates for liquids, steam, and gases. 

Explain the importance of calibrating a flow meter as well as common problems that can affect accurate flow measurements.

Discuss the process for flow meter calibration and list best practices for optimizing flow meter calibration.







		Precision Force & Torque Measurement



		Hours: 10–15



		Sample learning objectives

Define force and torque and provide examples of instances in which precision measurements of force and torque are critical.

Explain how balances and scales measure force and torque.

Describe how proving rings are used as force standards and how they are used to calibrate material testing machines. Demonstrate the ability to properly use a calibration curve to determine force. 

Explain the operating principle of load cells and describe the circumstances under which load cells are the best way to measure force. 

Explain the role of transducers in amplifying the magnitude of a measured signal.

Define torque and provide examples of instances when measuring torque is critical.

List and differentiate between the different methods for measuring torque, such as the gravity balance method, a mechanical torsion meter, an optical torsion meter, and electrical torsion meter and a strain gauge torsion meter.

Explain the operating principle and common use cases for dynamometers. 







		Precision Pressure and Vacuum Measurement



		Hours: 10–15



		Sample learning objectives

Explain why pressure measurements are one of the most common of all the measurements made on mechanical systems.

Explain the purpose of pressure measurements in industrial laboratories or manufacturing facilities.

Differentiate between mechanical gauges, low pressure gauges, and high pressure gauges, and provide examples of each. 

Discuss the types of materials used to make mechanical gauges and the way in which material strength, pressure range, fatigue points, and ease of fabrication are considered in selecting the appropriate material to make a mechanical gauge.

Explain the advantages and disadvantages of different types of pressure gauges and give examples of the types of measurements each is used to make. 

Explain the units typically used to express measurements of pressure or vacuum.

Explain the operating principle of thermal conductivity gauges as well as the advantages and disadvantages of using this technology to make pressure and vacuum measurements.







		Precision Electrical Measurement



		Hours: 10–15



		Sample learning objectives

Describe the principles of electricity and define common units of measurement, such as the joule and the watt-hour.

Compare and contrast energy and power. 

List power utilization, in watts, used by common household electronics.

Explain the measurement of current and the units used to express those measurements.

Demonstrate the ability to measure resistance in ohms.

Explain the relationship between resistance, voltage, and current.

Compare amps with volts and use measures of volts and amps to calculate power, and vice versa.

Provide examples of industrial machinery and the typical number of amps used by those machines.

Differentiate between direct current and alternating current.

Differentiate between real power, reactive power and apparent power and determine and explain how generators, electric motors, capacitors, electromagnets, and conductors force current to lead or lag.

Explain how volts and amps are used to describe the capacity of batteries. 

Describe and demonstrate the ability to properly use instruments to measure electricity, such as voltmeters, ammeters, wattmeters, and micro-electromechanical systems sensors. 

Demonstrate the ability to describe and use precision resistors, standard capacitors, and standard inductors.









		Relevant military experience 



		There are several occupations related to calibration technology in the military. Some of these are construction equipment repairer, tactical power generation specialist, etc. (https://www.cool.osd.mil/army/credential/index.html?cert=cct3706). 










