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	department of Manufacturing Engineering

	 RAPID PROTOTYPING TECHNOLOGIES
Work program of the discipline (Syllabus)


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

	Field of study
	13 Mechanical engineering

	Speciality
	131 Applied mechanics

	Educational program
	Mechanical engineering technologies

	Discipline status
	Custom

	Form of study
	full-time (full-time)/part-time/distance/mixed

	Year of preparation, semester
	 4th year, spring semester

	Volume of discipline
	4 credits

	Semester control/ control measures
	Passed

	Schedule of classes
	http://rozklad. kpi. ua/

	Language of teaching
	Ukrainian

	Information about 
thecourse instructors / teachers
	Lecturer: Ph.D., assoc. prof. Lashina Yu.V., lashyna.yuliia@lll.kpi.ua
Practical: Ph.D., assoc. prof. Lashina Yu.V., lashyna.yuliia@lll.kpi.ua


	Course placement
	https://classroom.google.com/c/NTgwMzEwNDkyMTM0?cjc=wxbxhbf


The program of the discipline
Description of the discipline, its purpose, subject of study and learning outcomes
The discipline is designed to train highly qualified specialists capable of solving basic engineering problems using modern additive manufacturing technologies for prototyping during research and development work for various applications, including mechanical engineering, aviation industry, medicine, etc.
The purpose of the credit module is to form students' abilities to solve the following typical problems: the choice of prototyping technology for the main technical and economic analysis; selection of materials for prototyping using additive technologies; preparation of a 3 D model for  printing; analysis of the product model, taking into account the limitations and requirements of the selected manufacturing technology; printing the model on a 3D printer designed for educational purposes.
After studying the credit module, students should have a professional understanding of the following issues: the concept of Industry 4.0, the role and significance of additive technologies in mechanical engineering; classification of additive manufacturing technologies (AB) according to various criteria; basic technical and economic indicators of additive technologies and materials for additive manufacturing; equipment used in additive manufacturing; selection of 3D printing modes  and their impact on the quality of the product.
Also, the student can professionally: analyze the requirements for the product and choose additive manufacturing technologies; determine the required modes of operation of the equipment; analyze and prepare the model for printing; analyze the compliance of parts obtained with the help of additive technologies with technical requirements and, if necessary, make informed decisions to eliminate the identified problems.
Prerequisites and place of discipline (place in the structural and logical scheme of training according to the relevant educational program)
The discipline is based on the knowledge gained during the study of disciplines: mechanics of materials and structures; chemistry; physics; materials science; machine parts; three-dimensional modeling; metrology, standardization and certification; engineering technology. The results of the study of the discipline are used in the future in the implementation of course and diploma projects, in production activities.
Contents of the course 
	Section and topic titles
	Number (credits) hours

	
	Just
	including

	
	
	Lecture
	Practical 
	Laboratory 
	SRS

	Section 1. General provisions

	Topic 1.1. Prerequisites for the emergence of additive technologies 
	4
	2
	-
	-
	2

	Topic 1. 2. Development and current state of additive technologies. 
	4
	2
	-
	-
	2

	Topic 1.3. Basic concepts, terminology and classification
	4
	2
	-
	
	2

	Total for Chapter 1
	12
	6
	-
	-
	6

	Section 2. Basic rapid prototyping technologies

	Topic 2.1. Technologies based on material extrusion
	12
	2
	-
	8
	6

	Topic 2.2. Materials used for FDM printing
	10
	2
	-
	8
	4

	Topic 2.3. Requirements for product designs manufactured using FDM technology
	10
	2
	-
	8
	4

	Topic 2. 4. Preparation of the model and management program
	10
	2
	-
	8
	4

	Topic 2. 5. Photopolymerization Process
	6
	2
	-
	
	4

	Topic 2. 6. Requirements for product designs that are manufactured using SLA technology
	6
	2
	-
	
	4

	Topic 2. 7. Powder additive manufacturing technologies.
	6
	2
	-
	
	4

	Topic 2. 8. Requirements for product designs that are manufactured using SLS technology
	6
	2
	-
	
	4

	Topic 2. 9. Technologies of spraying materials and binders.
	6
	2
	-
	
	4

	Topic 2. 10. Technologies for joining sheet materials.
	6
	2
	-
	
	4

	Total for Chapter 2
	78
	20
	-
	32
	42

	Section 3.  Features of the use of additive technologies 

	Topic 3.1. Features of the design of structures that are manufactured using blood pressure 
	6
	2
	-
	-
	1

	Topic 3.2. Additive technologies in foundry
	6
	2
	-
	-
	1

	Topic 3.3. Using additive technologies to get prototypes quickly
	8
	2
	-
	4
	2

	Topic 3.4. Additive manufacturing technologies for metal parts
	4
	2
	-
	
	1

	Topic 3.5. The role of additive technologies in Industry 4.0
	6
	2
	-
	-
	1

	Total for Chapter 4
	30
	10
	-
	36
	6

	Passed
	
	
	
	
	

	Total hours 
	120
	36
	18
	36
	48



Learning Materials and Resources
Main:
1. Manzhilevsky, O. D. Modern additive technologies of 3D printing.  Peculiarities of practical application [Text] : textbook. posib. / O. D. Manzhilevsky, R. D. Iskovich-Lototsky. - Vinnytsia : VNTU, 2021. - 105 p.
2. Integrated generative technologies: ucheb. refs [for stud. vys. ucheb. established] / A. I. Grabchenko, Y. N. Vnukov, V. L. Dobroskok [et al.] ; ed. A. I. Grabchenko. – Kharkiv: NTU "KhPI", 2011. – 416 p.
Additional:
3. Gibson J. etc. Additive Manufacturing Technologies. 3D Printing, Rapid Prototyping, and Direct Digital Manufacturing. Second Edition. Springer 2015, 510 p.
4. Bandyopadhyay A. Additive Manufacturing. CRC Press 2016, 414 p.
5. Badiru A. Additive Manufacturing Handbook. Product Development for the Defense Industry, CRC Press 2017, 931 p.
Educational content
Methods of mastering the discipline (educational component)
5.1. Lectures
	No s/n
	Title of the lecture topic and list of main questions (list of didactic means, links to literature and tasks on the SRS)

	1
	Lecture 1
Section 1. General provisions. 
Topic 1.1. Prerequisites for the emergence of additive technologies
Entry. Definition of the concept of AO. Historical prerequisites for the development of rapid prototyping technologies. The influence of the development of technology and technology on the development of blood pressure [1, 2].

	2
	Lecture 2
Section 1. General provisions. 
Topic 1.2. Development and current state of additive technologies
Application AB. The overall AB process. Advantages of AB. The difference between AB and CNC processes. Examples of the use of AB [1, 2].

	2
	Lecture 3
Section 1. General provisions. 
Topic 1.3. Basic concepts, terminology and classification
Terminology in the field of additive manufacturing. Types of technologies, classification ASTM [1, 2, 3].

	4
	Lecture 4
Section 2. Basic additive manufacturing technologies
Topic 2.1. Technologies based on material extrusion
Basic principles. Application of material and trajectory. FDM technology from Stratasys. Limitations of FDM technology. Other systems [1, 3]

	5
	Lecture 5
Topic 2.2. Materials used for FDM printing
Classification of materials used for FDM printing. Standard materials, areas of their use, print modes. Engineering materials, branches of their use, printing modes [1-3].

	6
	Lecture 6
Topic 2.3. Requirements for product designs manufactured using FDM technology
Layer height, shrinkage and deformation, supporting structures and orientation of parts, features of printing protruding parts, bridges and holes [1-2].

	7
	Lecture 7
Topic 2.4. Preparation of the model and management program
Preparation of CAD models: STL file. Use slicer. The location of the models, the settings of the support sessions. Print setup by two extruders.  [1, 2].

	8
	Lecture 8
Section 2. Basic additive manufacturing technologies
Topic 2.5. Photopolymerization Process
Fundamentals of photopolymer chemistry. SL process based on vector scanning. Technologies and equipment of photopolymerization with masks [1, 3].

	9
	Lecture 9
Section 2. Basic additive manufacturing technologies
Topic 2.6. Requirements for product designs that are manufactured using SLA technology
Layer height, shrinkage and deformation, supporting structures and orientation of parts, features of printing protruding parts, bridges and holes [1-2].

	10
	Lecture 10
Topic 2. 7. Powder additive manufacturing technologies.
Parameters and modeling of powder AB. Powder cutting. Technology options and commercial machinery. Advantages and disadvantages of the process [1, 3]

	11
	Lecture 11
Topic 2. 8. Requirements for product designs that are manufactured using SLS technology 
Layer height, shrinkage and deformation, supporting structures and orientation of parts, features of printing protruding parts, bridges and holes [1-2].

	12
	Lecture 12
Topic 2.9. Technologies of spraying materials and binders.
The evolution of printing as an additive manufacturing process. Materials. Basics of material processing. Commercial machinery. Advantages and disadvantages of the process. Features of the process of applying a binder [1, 3]

	13
	Lecture 13
Topic 2.10. Technologies for joining sheet materials.
Bonding and adhesion bonding. Features of the formation of the compound. Materials. Thermal compound. Mechanical fastening. Ultrasonic Additive Manufacturing [1, 3]

	14
	Lecture 14
Section 3. Implementation of additive technologies
Topic 3.1. Features of the design of structures that are manufactured using blood pressure
Design of parts structures for polymer additive manufacturing.
Design of parts structures for metal additive manufacturing. Generative design and lattice structures [1, 2, 3].

	15
	Lecture 15
Section 3. Implementation of additive technologies
Topic 3.2. Additive technologies in foundry
Metal casting technologies using synthesis models and synthesis molds. Technologies and machines for the synthesis of sand casting molds. Polymer casting using synthesized master models [2].

	16
	Lecture 15
Section 3. Features of the use of additive technologies
Topic 3.3. Using additive technologies to get prototypes quickly
Field of application. Equipment and technologies. Accuracy and surface quality [2, 3, 4].

	17
	Lecture 15
Topic 3.4. Additive manufacturing technologies for metal parts
Materials. Processes of the Bed Deposition group on the example of SLM. Processes of the Direct Deposition group on the example of DED [2, 5].

	18
	Lecture 18
Topic 3.5. The role of additive technologies in Industry 4.0
General information about Industry 4.0. Direct numerical production. Additive technology market. Prospects for the development of additive technologies [2, 3, 4].


5.2 Laboratory classes
Practical classes cover the main topics of the lecture material and consider the practical application of the knowledge gained. 
	No s/n
	The title of the practical lesson
	What topic is associated with
	Number of rooms. Hours

	1
	PZ 1. Familiarity with the structure of the 3D printer. Setting up a 3D printer.
	2.1
	8

	2
	SOFTWARE 3. Basics of working in Cura software.  Development of a management program.
	2.2
	8

	3
	SOFTWARE 4. Features of using support for 3 D-printing
	2.3
	8

	4
	PZ 5. Features of printing with two materials.
	2.4
	8

	5
	The last lesson is credit.
	3.3
	4

	Just:
	
	36


5.3. Practical classes 
Not provided
5.4. Individual tasks
 Not provided
5.5. Tests
MKR is performed at week 7 of training. The questions of the MKR correspond to the topics of lectures and practical classes.
Independent work of the student
	No s/n
	The name of the topic, in preparation for classroom classes
	Number of hours of SRS

	1. 
	Section 1. General provisions. 
Topic 1.1. Prerequisites for the emergence of additive technologies
Entry. Definition of the concept of AO. Historical prerequisites for the development of rapid prototyping technologies. The influence of the development of technology and technology on the development of blood pressure [1, 2].
	2

	2. 
	Section 1. General provisions. 
Topic 1.2. Development and current state of additive technologies
Application AB. The overall AB process. Advantages of AB. The difference between AB and CNC processes. Examples of the use of AB [1, 2].
	2

	3. 
	Section 1. General provisions. 
Topic 1.3. Basic concepts, terminology and classification
Terminology in the field of additive manufacturing. Types of technologies, classification ASTM [1, 2, 3].
	2

	4. 
	Section 2. Basic additive manufacturing technologies
Topic 2.1. Technologies based on material extrusion
Basic principles. Application of material and trajectory. FDM technology from Stratasys. Limitations of FDM technology. Other systems [1, 3]
	6

	5. 
	Topic 2.2. Materials used for FDM printing
Classification of materials used for FDM printing. Standard materials, areas of their use, print modes. Engineering materials, branches of their use, printing modes [1-3].
	4

	6. 
	Topic 2.3. Requirements for product designs manufactured using FDM technology
Layer height, shrinkage and deformation, supporting structures and orientation of parts, features of printing protruding parts, bridges and holes [1-2].
	4

	7. 
	Topic 2.4. Preparation of the model and management program
Preparation of CAD models: STL file. Use slicer. The location of the models, the settings of the support sessions. Print setup by two extruders.  [1, 2].
	4

	8. 
	Section 2. Basic additive manufacturing technologies
Topic 2.5. Photopolymerization Process
Fundamentals of photopolymer chemistry. SL process based on vector scanning. Technologies and equipment of photopolymerization with masks [1, 3].
	4

	9. 
	Section 2. Basic additive manufacturing technologies
Topic 2.6. Requirements for product designs that are manufactured using SLA technology
Layer height, shrinkage and deformation, supporting structures and orientation of parts, features of printing protruding parts, bridges and holes [1-2].
	4

	10. 
	Topic 2. 7. Powder additive manufacturing technologies.
Parameters and modeling of powder AB. Powder cutting. Technology options and commercial machinery. Advantages and disadvantages of the process [1, 3]
	4

	11. 
	Topic 2. 8. Requirements for product designs that are manufactured using SLS technology 
Layer height, shrinkage and deformation, supporting structures and orientation of parts, features of printing protruding parts, bridges and holes [1-2].
	4

	12. 
	Topic 2.9. Technologies of spraying materials and binders.
The evolution of printing as an additive manufacturing process. Materials. Basics of material processing. Commercial machinery. Advantages and disadvantages of the process. Features of the process of applying a binder [1, 3]
	4

	13. 
	Topic 2.10. Technologies for joining sheet materials.
Bonding and adhesion bonding. Features of the formation of the compound. Materials. Thermal compound. Mechanical fastening. Ultrasonic Additive Manufacturing [1, 3]
	4

	14. 
	Section 3. Implementation of additive technologies
Topic 3.1. Features of the design of structures that are manufactured using blood pressure
Design of parts structures for polymer additive manufacturing.
Design of parts structures for metal additive manufacturing. Generative design and lattice structures [1, 2, 3].
	4

	15. 
	Section 3. Implementation of additive technologies
Topic 3.2. Additive technologies in foundry
Metal casting technologies using synthesis models and synthesis molds. Technologies and machines for the synthesis of sand casting molds. Polymer casting using synthesized master models [2].
	4

	16. 
	Section 3. Features of the use of additive technologies
Topic 3.3. Using additive technologies to get prototypes quickly
Field of application. Equipment and technologies. Accuracy and surface quality [2, 3, 4].
	4

	17. 
	Topic 3.4. Additive manufacturing technologies for metal parts
Materials. Processes of the Bed Deposition group on the example of SLM. Processes of the Direct Deposition group on the example of DED [2, 5].
	2

	18. 
	Topic 3.5. The role of additive technologies in Industry 4.0
General information about Industry 4.0. Direct numerical production. Additive technology market. Prospects for the development of additive technologies [2, 3, 4].
	4

	Just: 
	66



Politics and control
Policy of the discipline (educational component)
· The rules for attending classes (both lectures and practical / laboratory) are regulated: "Regulations on the organization of the educational process in the KPI them. Igor Sikorsky" https://osvita.kpi.ua/node/39; "Regulations on the system of internal quality assurance of higher education in KPI them. Igor Sikorsky" https://osvita.kpi.ua/node/121; 
· rules of conduct in the classroom (activity, preparation of short reports or texts, disconnection of telephones, use of communication tools to search for information on the teacher's Google disk or on the Internet, etc.) are regulated by the "Regulations on the organization of the educational process in KPI them. Igor Sikorsky" https://osvita.kpi.ua/node/39, ;
· rules for the protection of laboratory work; each student personally passes laboratory work;
· rules for the protection of individual tasks; each student personally passes individual works; 
· in this credit module there are only incentive points that a student can receive on a voluntary basis performing a certain list of additional tasks related to the subject of the credit module;
· the policy of deadlines and re-examinations is regulated by the "Regulations on the current, calendar and semester control of learning outcomes in the KPI. Igor Sikorsky" https://osvita.kpi.ua/node/32, "Regulations on the system of evaluation of learning outcomes in the KPI. Igor Sikorsky" https://osvita.kpi.ua/node/37 ;
· The policy on academic integrity is regulated by the "Regulations on the system of prevention of academic plagiarism in the KPI. Igor Sikorsky" https://osvita.kpi.ua/node/47; provisions "Regulations on the resolution of conflict situations in the KPI them. Igor Sikorsky" https://osvita.kpi.ua/2020_7-170;
Types of control and rating system for evaluating learning outcomes (RSO)
Distribution of study time by type of classes and tasks in the discipline in accordance with the working curriculum Table 8.1.
	Semester
	Just
	Distribution by semesters and types of classes
	FDM
	RGR
	Passed

	

	

	Lek.
	Prak.
	Lab.
	SRS
	

	

	


	4
	120
	36
	0
	36
	66
	-
	-
	+



Rating (weight) points system and evaluation criteria

8.1. Practical work (r1)
The weight score of one practical work is 20 points  (Table 8.2). The maximum number of points for all practical work: r1  = 4 works x 20 points  = 80 points. 
The maximum number of incentives is +3 points for all practical classes.

Rating points for one practical work Table 8.2
	Points
	Evaluation criterion

	20
	There are no comments on the report, there are answers to all questions

	18
	Non-essential comments on the report, answers to most questions

	16
	Comments on the results, answer to some questions

	14
	The report has errors, answers only to individual questions

	12
	The work has been done, the correct results have been obtained, but not protected.

	0,00
	Work not done, report missing



8.2. Modular control (r2)

Modular test work is carried out within two academic hours and aims to test the theoretical knowledge of students. The weight score of the MKR is 20 points (Table 8.3). 
r2 = 20 points.


MKR rating points Table 8.3
	Points
	Evaluation criterion

	20
	Correct answer to more than 90% of questions

	18
	Correct answer to 90% of questions

	16
	Correct answer to 80% of questions

	14
	Correct answer to 70% of questions

	12
	Correct answer to 60% of questions

	0,0
	The correct answer to less than 60% of the questions or the student was absent without a good reason



8.3. Penalty and incentive points
The overall rating in the discipline includes only incentive points (Table 8.4). The total amount of incentive points may not exceed 50 x 0.1 = (+ 5) points.
Incentive Points Table 8.4
	Action
	Points

	Participation in the modernization of practical work
	plus 2 points

	Improvement of didactic materials on the discipline
	plus 3.. .5 points

	Application of the original approach in solving problems
	plus 1 point



8.4. Conditions of milestone certification
Not provided

8.5. Criteria for evaluating the test
The test is set at the last lesson on a schedule in accordance with the points scored by the student during the semester.

8.6. Calculation of the rating scale for the discipline (Rd):
The sum of the weight points of control measures during the semester is: 
Rd = Rc  = r 1 + r2 = 80 pr + 20 μr = 100 points.

Table of correspondence of rating points to assessments on a university scale. Table 8.5
	Score
	Score

	100-95
	Perfectly

	94-85
	Very good

	84-75
	Well

	74-65
	Satisfactory

	64-60
	Enough

	Less than 60
	Disappointing

	Less than 36
	Not allowed


Additional information on the discipline (educational component)
· credit in the discipline "Rapid Prototyping Technologies" is set in accordance with the rating points scored by the student during the semester (see paragraph 8)
· Enrollment of certificates of distance or online courses on the relevant topic is considered individually
Work program of the discipline (syllabus):
Compiled by Ph.D., assoc. prof, Lashina Yu.V.
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Approved by the Methodical Commission of NN MMI (protocol No 1 dated 30.08.2022)
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