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	Department of Machine Design

	
METROLOGY, STANDARDIZATION AND CERTIFICATION  
Work program of the discipline (Syllabus)


Detailsof the  discipline
	Level of higher education
	First (bachelor's) 

	Field of study
	13 - Mechanical Engineering

	Speciality
	131 - Applied Mechanics

	Educational program
	Automated and robotic mechanical systems NN MMI, 
Dynamics and strength of NN MMI machines, 
Design and design of machines NN MMI
Aircraft production technologies NN MMI, 
Mechanical engineering technologies NN MMI

	Discipline status
	Normative

	Form of study
	full-time (full-time)/remote/mixed

	Year of preparation, semester
	2nd year, spring semester

	Volume of discipline
	4.5 ECTS credits, 135 hours.  , Lectures – 36 hours, practical – 18 hours, laboratory – 18 hours. , SRS – 63 hours.

	Semester control/ control measures
	Exam, ICR, RGR

	Schedule of classes
	Witha university schedule https://schedule.kpi.ua/  

	Language of teaching
	Ukrainian

	Information about the course leader/ teachers
	Lecturerand: Candidate of Technical Sciences, Associate Professor Adamenko Yuriy Ivanovych
Department: KPI building 22, room 611, tel. (044) 204-82-55
yuriy.adamenko@ukr.net, tel.  +380 66 123 3377
Candidate of Technical Sciences, Associate Professor Minitska Natalia Valentynivna
Department: KPI building 22, room 611, tel. (044) 204-82-55
Mail: minitska27@gmail.com te-mail.  +380 67 775 59 41
Practical and laboratory: 
Candidate ofTechnical Sciences, Assoc. Prof. Adamenko Yu.I.
Candidate of Technical Sciences, Associate Professor Minitska N.V.
Candidate of Technical Sciences, Senior Lecturer Maydanyuk S.V.
maysv3@gmail.com tel.   +380 96 607 64 87
Candidate of Technical Sciences, Senior Lecturer Parnenko V.S.
art@artograph.com.ua

	Course placement
	Resource "Electronic Campus"


The program of the discipline
Description of the discipline, its purpose, subject of study and learning outcomes
The discipline "Methrology, standardization and certification" is  a normativeeducational institution of the  professional training  cycle and oneof  the  basic in the structure of training bachelors in mechanical engineering. 


The purpose of the discipline is to know the basics of metrology, standardization, certification  and the  ability to apply technical documentation for rationing the accuracy  of parts of  mechanisms in their practical activities during the design, manufacture, certification and operation of engineering products.
Subject of the discipline.  Fundamentals of metrology, standardization, basic norms of interchangeability, provisions of the state standardization system, rationing of accuracy parameters, methods and means of dimensional control, shape deviations, location and roughness of parts surfaces, quality and certification of products.
 As a result of studying the discipline, the student will acquire thefollowing competencies:
General competencies
ZK13. Ability to evaluate and ensure the quality of work performed.
Professional competencies
FC6. Ability to perform technical measurements, receive, analyze and critically evaluate measurement results.
FC9. The ability to present the results of their engineering activities in compliance with generally accepted norms and standards.
The training should be completed with the following program results:
PH5.  Perform geometric modeling of parts, mechanisms and structures in the form of spatial models and projection images and draw up the result in the form of technical and working drawings. 
PH6.  Create and theoretically substantiate the designs of machines, mechanisms and their elements on the basis of methods of applied mechanics, general principles of design, the theory of interchangeability, standard methods for calculating machine parts. 
PH7.  Apply regulatory and reference data to monitor the compliance of technical documentation, products and technologies with standards, specifications and other regulatory documents.
Prerequisites and post-requisites of the discipline (place in the structural and logical scheme of training in the relevant educational program)
The discipline "Metrology, standardization and certification" is based on the following disciplines:
· Technology of structural materials.
· Engineering and computer graphics.
In turn, the discipline "Metrology, standardization and certification" is the basis for further training in the following disciplines:
· Machine parts and design basics.
· Machine parts and design basics. Course project.
· Diploma design
Contents of the course 
	Section 1.  Fundamentals of metrology, standardization and certification. Precision of machine parts


	Topic 1.1   
	The concepts of metrology, interchangeability, standardization and certification

	Topic 1.2  
	Accuracy ta nochibka machine parts.

	Section 2. Rationing the dimensional accuracy of parts

	Topic 2.1
	Basics of tolerances, deviations and landings. 

	Topic 2.2
	ISO tolerance system  for linear dimensions.

	Topic 2. 3
	The choice of qualities and landings.

	Section 3.  Norming the geometric accuracy of parts

	Topic 3.1   
	Tolerances of shape and location of surfaces.

	Topic 3.2  
	Dependent tolerances.

	Topic 3.2  
	Roughness and waviness of the surface. 

	[bookmark: _Hlk110718147]Topic 3. 3
	Surface structure.

	Topic 3. 4
	GPS tolerance system.

	Section 4   Horming the accuracy of typical compounds

	Topic 4.1   
	Tolerances and landings of rolling bearings.

	Topic 4.2   
	Key, pin and spline connections.

	Topic 4.3   
	Metric threads with a gap, tension and transition.

	Topic 4.4   
	Trapezoidal carvings.

	Topic 4. 5
	Tolerances of corners and cones. Conical compounds.

	Topic 4. 6
	Gear and gear tolerance system .

	Section 5   Horming the accuracy of geometric parameters based on the calculation of dimensional chains

	Topic 5.1   
	Classification of dimensional chains. The method of complete interchangeability.

	Topic 5.2   
	Methods of incomplete interchangeability.



Learning Materials and Resources
Basic literature
· Tolerances, landings and technical measurements. Workshop. Part 1 [Text] : teaching. posibn. / Yu.I. Adamenko, O.M. Gerasymchuk, V.A. Pasichnyk, N.V. Minitska, S.V. Maydanyuk, O.A. Plivak . - Ivanofrankivsk : Forte Symphony, 2016. – 164 p. ISBN 978-966-286-096-2
https://ela.kpi.ua/handle/123456789/30119
· Tolerances, landings and technical measurements. Workshop. Part 2 [Text] : teaching. posibn. / Yu.I. Adamenko, O.M. Gerasymchuk, V.A. Pasichnyk, N.V. Minitska, S.V. Maydanyuk, O.A. Plivak . - Ivanofrankivsk : Forte Symphony, 2016. – 188 p. ISBN 978-966-286-097-9
https://ela.kpi.ua/handle/123456789/30120
· Adamenko, Y. I. Metrology and standardization. Settlement and graphic work [Electronic resource] : textbook for students of specialty 131 "Applied Mechanics", 133 "Industrial Engineering" / Y. I. Adamenko, S. V. Maydanyuk, O. A. Plivak ; KPI them. Igor Sikorsky. – Electronic text data (1 file: 5.11 MB). - Kyiv : KPI them. Igor Sikorsky, 2020. – 157 p.
https://ela.kpi.ua/handle/123456789/32365
· Purpose of landing mechanisms of aviation equipment. Settlement and graphic work [Electronic resource] : textbook for students of specialties 131 "Applied Mechanics", 134 "Aviation and Rocket and Space Technology" / Y. I. Adamenko, S. V. Maydanyuk, O. A. Plivak, V. V. Sukhov ; KPI them. Igor Sikorsky. – Electronic text data (1 file: 13.05 MB). - Kyiv : KPI them. Igor Sikorsky, 2021. – 194 p.
https://ela.kpi.ua/handle/123456789/38746
· Linear and angular measurements: laboratory workshop [Electronic resource] : textbook. posib. for applicants for a bachelor's degree in specialties 131 Applied Mechanics, 133 Industrial Engineering, 134 Aviation and Rocket and Space Technology / Y. I. Adamenko, S. V. Maydanyuk, N. V. Minitska, O. A. Plivak ; KPI them. Igor Sikorsky. – Electronic text data (1 file: 25.78 MB). - Kyiv : KPI them. Igor Sikorsky, 2022. – 304 p. 
https://ela.kpi.ua/handle/123456789/48918

Further reading
· Adamenko, Y. I. Technical measurements of machine parts and mechanisms. Workbook for laboratory works [Electronic resource] : textbook. posib for students of specialties 131 "Applied Mechanics", 133 "Industrial Engineering", 134 "Aviation and Rocket and Space Technology" / Y. I. Adamenko, S. V. Maydanyuk, O. A. Plivak ; KPI them. Igor Sikorsky. – Electronic text data (1 file: 49.52 MB). – Kyiv: Igor Sikorsky Kyiv Polytechnic Institute, 2021. – 258 p.
https://ela.kpi.ua/handle/123456789/39751
· Radkevich, Y.M. Metrology, standardization and certification: Training for universities. - Old Shard: TNT, 2010. – 540 p.
· https://www. iso. org/home. html
· http://uas.org.ua/ua/
· http://csm.kiev.ua/
The above literature is located in the library of KPI them. Igor Sikorsky (https://ela.kpi.ua/ handle/123456789/9716) and on the Internet.
Educational content
Methods of mastering the discipline (educational component)
Lectures
The lectures present theoretical material and provide examples of solving the main thematic problems. During the lectures, the following issues are considered:
· The subject and purpose of the discipline. The main provisions of metrology, interchangeability, standardization. Types and categories of standards. Levels of standardization. Pro-duction certification.
· Errors in the geometric accuracy of machine parts, their classification and causes.  Systematic and random errors in the manufacture of machine parts.
· The main terms and definitions of the ISO tolerance and landing system, dimensions, deviations, tolerances, landing systems.
· Principles of construction of tolerance and landing systems for smooth cylindrical and flat connections. The main provisions of the ISO tolerance and landing system. Harmonization of national standards with international ones.
· Connections, their elements and characteristics. Landing  and their calculation. Calculations of optimal tensions or gaps in three types of landings: with tension, with a gap, transitional. The choice of qualities. The choice of landings. Landings are recommended and preferred.
· The choice of landings for typical machine parts – gears, pulleys, couplings, rings, bushings, etc., depending on the conditions of their operation.
· The accuracy of the shape of the surfaces of parts. Tolerances. Designation of tolerances in the drawings.  
· The accuracy of the location of surfaces. Dependent and independent tolerances. Designation of tolerances in the drawings.
· Roughness of surfaces. Roughness rationing. Designation of roughness in the drawings.
· Surface structure. GPS tolerance system.
· Rolling bearings. Tolerances and fitting of rolling bearings. The accuracy of the rolling bearings and the accuracy of the parts  connected to thebearings.
· Threaded connections. Interchangeability of metric threads. Planting carvings. Threads with a gap, transitional and tensioned. Trapezoidal carvings. Control of threads. Designation on the drawings.
· Key, pin  and spline connections. Interchangeability of keyed and spline connections with a straight-sided profile.  Interchangeability of spline connections with evolvent and triangular profile.
· Tolerances of corners and cones. Conical landings. Methods and means of measuring angles and cones.
· Interchangeability of gears and gears. Norms of kinematic accuracy, norms of smoothness and contact of cylindrical gears and gears. Norms of the lateral gap. Types of conjugations.  Methods and means of controlling the accuracy of gears.
· Dimensional chains, basic properties, direct and inverse problems. Calculation methods.
· The choice of method to achieve the required accuracy. Assembly with complete and incomplete interchangeability.  Calculation of dimensional chains by selective assembly, adjustment and control method.
Practical classes
The main tasks of the cycle of practical classes are the deepening of theoretical knowledge, the acquisition of skills in working with regulatory, technical and reference literature and the solution of practical problems that allow students to reasonably assign landings, tolerances and maximum deviations in order to ensure competitive products in the design.
The main topics of practical classes and a list of main issues:
· Calculation of limiting dimensions, tolerances, gaps, tensions of three types of landings of smooth cylindrical connections.
· Appointment of landings with clearance and tension, transitional landings. Selection of standard landings from among the recommended and preferred.
· The purpose of planting rolling bearings, the calculation of their characteristics.
· Calculation of the executive dimensions of calibers-plugs of boundary and calibers-brackets to control the accuracy of holes and shafts.  
· Calculation of landing parameters of threaded parts.
· Development of working drawings of machine parts.
· Calculation of dimensional chains using the method of complete interchangeability, probabilistic method or the method of compensators.
Laboratory works
In laboratory works, students master the methods of choosing measuring instruments, methods and techniques of measurement using universal and special measuring instruments, as well as processing the experimental data obtained.  Before the start of each laboratory work, the student undergoes a test control. If the answers to the tests are submitted after the deadline, then they are not evaluated.  Test assignments  are compiled and updated each semester.  The report on laboratory work is defended at the last laboratory lesson before the start  of the exam on the course.  The topics of laboratory work cover the main sections of technical measurements of machine parts.
· Measurement of the actual dimensions of external cylindrical surfaces (shafts) using a micrometer and internal cylindrical surfaces (holes) using an indicator intrometer. Counting the characteristics of landings.
· Control of calibers-plugs using a minimeter. 
· Measurement of deviations in the shape of cylindrical surfaces on a vertical optimeter.
· Measurement of radial and end beating by an inductive sensor.
· Measurement of elements of the external metric thread on the instrumental micro-scope.
· Measurement of kinematic accuracy  parameters of erect cylindrical gears.
· Measurement of surface roughness, determination of roughness parameters according to profilogra-moya.
· Measurement of deviations in the shape of cylindrical surfaces using a round gauge.
· Measurement of deviations in the location of holes on the coordinate measuring machine.

Independent work of a student / graduate student
Settlement and graphic work
The purpose of the calculation and graphic work is to acquire practical skills in developing the accuracy of mechanisms and machine parts, the ability to work with standards, reference books and correctly draw up drawings and other documentation in accordance with the requirements of current standards.  Settlement and graphic work must be passed and protected before the exam.
RGR topics include the development of the accuracy of the following machine tool mechanisms or aviation equipment:
· gearboxes, feeds and speeds of metal-cutting machines;
· gearboxes of mechanisms;
· speed variators, drive gears;
· reverse mechanisms, feed switching, etc.;
· helicopter gearboxes – main, intermediate, tail;
· mechanisms for the release and cleaning of seals;
· mechanism of changing the angle of installation of the stabilizer of the aircraft,  etc.
The student is givenan assembly drawing  of the  mechanism with an explanation of his work, sets the scale and other initial data 
Settlement and graphic work consists of the following main sections:
· The nominal dimensions of parts in the joints are assigned. Bearings are calculated, landings are calculated, layouts of bearing tolerance fields are given;
· According to the standards and reference data, the fields of tolerances and landing on the connection are justified and assigned: smooth, threaded, keyed, slotted, etc. The calculation of landings with a gap, with tension, transitional, is carried out, a diagram of the tolerance fields is given;
· for the detail indicated by the teacher, the tolerances of the shape, location and roughness of the surfaces are selected and justified,  the working drawing is performed;
· Tools are being developed to control the size of parts. Calculations of caliber-cork and caliber-brackets are carried out to control holes and shafts, schemes of tolerance fields are given;
· the threaded fit is calculated from the image of the diagram of the tolerance fields on the profile;
· the dimensional chain is calculated according to the method of complete interchangeability
Tests
The purpose of the tests is to test the knowledge learned by students in the process of studying the relevant sections of the credit module.
The working curriculum provides for one modular test (MKR) in the amount of 2 hours. MKR occurs in the form of two control robes of 1 hour. Each. Control work-1 is performed onsections 1 and 2.   Control work-2 is performed on sections 3, 4 and 5.

Politics and control
Policy of the discipline (educational component)
Attending classes
Attendance or  absence from lectures is not rated.  However, students are encouraged to attend classes because they teach theoretical material and develop the skills necessary to complete a semester-long individual assignment. 
Attendance at laboratory work is mandatory. In the absence of a student in laboratory work, including for health reasons, he needs to work out the missed work. In one lesson (2 hours), you can work out only one missed laboratory work.  Laboratory work is worked out only according to the teacher's schedule in accordance with his pedagogical load. The laboratory report is defended at the last laboratory lesson before the exam.  
Attending practical classes is very desirable, since these classes solve typical engineering problems that are submitted for the exam. Also, students have the opportunity to consult with the teacher on all issues in the discipline.  As a rule, in the last practical lesson, RGR is defended. Protection of the RGR is possible earlier, but always before the start of the exam in the discipline.
Attendance at modular tests is mandatory. If a student missed the MKR for valid reasons, for example, for health reasons, then in the presence of a supporting document (certificate) he can write a missed test within a week.  Otherwise, the MKR is not evaluated. Re-writing the test paper for a higher score is impossible.

Procedure for appealing the results of control measures
Students have the opportunity to raise any issue that relates to the control procedures and expect it to be addressed in accordance with predetermined procedures. Students have the right to challenge the results of control measures, but necessarily reasonably explaining which criterion they do not agree with in accordance with the assessment letter and/or comments.  Read more: ORDER NoNON/228/2022 OF 21.07.2022 "Pro approval of the new version of the regulation on appeals in the KPI them. Igor SIkorsky",  https://document.kpi.ua/2022_HOH-228

Academic integrity
Plagiarism and other forms of dishonest work are unacceptable. Plagiarism includes the absence of references when using printed and electronic materials, quotes, opinions of other authors, writing off during tests, copying materials protected by the copyright system, without the permission of the author of the work. The policy and principles of academic integrity are defined in Chapter 3 of the Code of Honor of the National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute". Read more: https://kpi.ua/code

Norms of ethical behavior
The norms of ethical behavior of students and employees are defined in Chapter 2 of the Code of Honor of the National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute". Read more: https://kpi.ua/code
Types of control and rating system for evaluating learning outcomes (RSO)
Current control is carried out during the semester in order to provide feedback between scientific and pedagogical staff and applicants in the learning process and to check the level of theoretical and practical training of applicants at each stage of studying the discipline. These are laboratory works, practical work, modular tests, an express survey on the topic of the lesson.
Calendar control: carried out 2 times a semester according to the established schedule as a monitoring of the current state of fulfillment of the requirements of the syllabus.
Semester control: exam.
A  student's R rating in a discipline consists of points that he receives for:
· performance of laboratory work r1;
· performance of RGR r2 ;
· modular in the  controlof the robotin r 3 ;
· Exam R4.
Additionally, the RSO provides for the possibility  of calculating incentive and penalty points.

Laboratory work (r1)
The weight score of one laboratory work is 5 points, of which 2 points are express control, 3 points are defense of laboratory work (Table 1, Table 2). The minimum number of points that must be scored for laboratory work to be considered credited is 3 points, that is, 60% of the maximum number for one job. The minimum number of points for all laboratory work: 
.
The maximum number of points for all laboratory work:  
.
Table 1
Rating points for express control before laboratory work
	Points
	Evaluation criteria

	2,0
	Correct answer to five questions

	1,6
	The correct answer to four questions

	1,2
	The correct answer to three questions

	0,0
	The correct answer is less than three questions


Table 2
Rating points for the protection of laboratory work
	Points
	Evaluation criteria

	3,0
	The work has been done, there are no comments, there are answers to all questions.

	2,85
	The work has been done, there are insignificantand remarks, inaccuracies occur in the answers.

	2,4
	The work is done, there are  comments, there are answers to most questions .

	2,1
	The work is done, there are  errors, there are answers to only part of the questions.

	1,8
	The work has been done, there are  significanterrors, there are answers only to individual questions.

	0,0
	Work not done, report not submitted.



Settlement and graphic work (r2)
Settlement and graphic work consists of eight  tasks. Rating points are awarded for each task. The maximum number of points for the task is awarded for correct and timely execution. Deadlines for completing tasks are set by the teacher in practical classes. Evaluation of settlement and graphic work is carried out in accordance with Table 3.
The maximum number of points is:
.
 The minimum number of points for settlement and graphic work is at least 60% of the maximum number: 
.
Table 3
Rating points for the calculationand graphicwork 
	Points
	Evaluation criterion

	20
	The RGR has been completed, there are noconsiderations, there are answers to all questions. 

	18
	The RGR is made with nessential remarkswe, there are inaccuracies in the answers.

	16
	The RGR is made with the commentswe have, there are answers to most of the questions.

	14
	The RGR is made with errors, there are answers to only part of the questions.

	12
	RGR is made with significant errors, there are answers only to certain questions.

	 0
	The RGR has not been completed, the report has not been submitted.


Modular toontrolna robota (r3)
One test consists of several tasks. Assignments are updated every semester. 
The weight score of one test is 5 points. Evaluation of the test is carried out in accordance with Table 4. 
The maximum number of points for two tests, respectively, is: 


Table 4
Rating points for the test
	Points
	Evaluation criterion

	5,0
	Correct answer for more than 95 % of questions

	4,5
	Correct answer for more than 85 % of questions

	4,0
	Correct answer to more than 75 % of questions

	3,5
	Correct answer for more than 65 % of questions

	3,0
	Correct answer to more than 60% of questions

	0,0
	The correct answer is less than 60% of the questions or the student was absent



Penalty and incentive points
The overall discipline rating includes penalty and incentive points that are added or subtracted from the sum of the weight points of all control measures. The total amount of penalty points may not exceed 10% of the starting scale, that is,  600.1 = -6 points. The total amount of incentive points may not exceed 600.1 = +6 points.
Penalty points can be awarded for the latepresentation  of the RGR and the results of practical or laboratorywork.
Incentive points can be awarded for the performance of creative works:  work in scientific circles with the preparation of materials of reports or articles for publication, participation in scientific and scientific-practical conferences and seminars, competitions in the discipline, competitions of works, abstracts and reviews of scientific works, analysis of the modern regulatory framework for the discipline in   the country and its compliance with the requirements of international standards, etc.  The number of points awarded depends on the results obtained.
Conditions of milestone certification
Calendar control of the discipline (educational component) is carried out as a rule, at 7-8 and 14-15 weeks of each semester. The condition for obtaining a positive assessment of calendar control in the discipline is the value of the current rating of the applicant not less than 50% of the maximum possible at the time of such control. The results of calendar control are recorded in the module "Calendar control" of the Electronic Campus.
 Semester Evaluation Criteria
The rating system of evaluation consists of points received by the applicant based on the results of current control measures, incentive and penalty points. The rating assessment is communicated to applicants in the last lesson in the discipline in the semester.  A prerequisite for admission to the exam is the performance and protection of all laboratory work and RGR. 
The second component is an examenational assessment, designed to evaluate individual tasks in the exam.
The exam takes place according to the schedule of the examination session, approved by the director of the institute. The exam is conducted  in writing. The writing time of the exam  is 60 minutes. The examination task consists of four questions. Each question is rated at a maximum of 10 points. The maximum number of points received for the exam is 40 points: 

The evaluation criterion is defined as the sum of the quality of answers to each task of the ticket according to table. 5.
					

 Table 5
The number of points for one task of the ticket
	Points 
	Evaluation criterion

	10
	Excellent answer (at least 95% of the information), minor inaccuracies are possible

	9
	A very good answer (at least 85% of the information), minor errors are possible.

	8
	A good answer (at least 75% of the information), there are errors and inaccuracies.

	7
	Satisfactory answer (at least 65% of information), the answer is incompleteand, there are errors.

	6
	Sufficient answer (at least 60% of the information), there are significant errors.

	0
	The answer is incorrect or less than 60% of the information, or it is missing



The rating system of evaluation consists of points received by the applicant based on the results of current control measures, incentive and penalty points. The rating assessment is communicated to applicants in the penultimate lesson in the discipline in the semester.

Calculation of the rating scale in the discipline
According to the results of current control measures in discipline, incentives, penalty points and examin:

To obtain an appropriate grade in the discipline, the student must score a certain number of points, according to the recalculation table (Table.  6).

Table 6
Table of recalculation of rating points in the scores
	Rating assessment of the applicant
	University Grading Scale 
level of acquired competencies 

	95 ...  100
	Perfectly

	85 ...  94
	Very good

	75 ...  84
	Well

	65 ...  74
	Satisfactory

	60 ...  64
	Enough 

	Menshe 60 points
	Disappointing

	The conditions for admission to semester control have not been met
	Not allowed



The working program of the discipline (syllabus) glass:
	Associate Professor of the Department of Machine Design, Candidate of Technical Sciences
	Anddamenko Yu.I.

	Associate Professor of the Department of Machine Design, Candidate of Technical Sciences
	Minitskaya N.V.

	Senior Lecturer of the Department of Machine Design, Candidate of Technical Sciences
	Maydanyuk S.V.



Approved 	by the Department of Machine Design (Protocol No13 dated 19.07.2022)
Approved by the 	methodical commission of the educational and scientific mechanical engineering institute
(Protocol No 11 dated 29.08.2022)
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