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	Department of Manufacturing Engineering

	Basics of three-dimensional modeling
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
	 5th semester

	Volume of discipline
	4 creditи

	Semester control/ control measures
	Hallof ik

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

	Language of teaching
	Ukrainian

	Information about 
thecourse instructors / teachers
	Lecturer: Ph.D., assoc. prof. Korenkov V.M., korenkov.volodymyr@lll.kpi.ua
Practical: Ph.D., assoc. prof. Korenkov V.M., korenkov.volodymyr@lll.kpi.ua

	Course placement
	https://classroom.google.com/c/NDU0NTc4NTE0NTA2
Course code: gvb6cqb


The program of the discipline
Description of the discipline, its purpose, subject of study and learning outcomes

	What will be studied
	Three-dimensional modeling system CATIA V5 / V6. 
Modules: Part, Assembly, Drawing, Generative Shape Design, Sheet Metal, Structure Design

	Why it is interesting/necessary to study
	The student will learn the basic concepts, tools and approaches to work in the computer-aided design system CATIA, which is a powerful tool for creating 2 D/3D models of mechanical engineering objects

	What you can learn (learning outcomes)
	Study of the basic theoretical foundations on which machine graphics are based: geometric modeling (types of models, methods of constructing objects, internal representation of geometric models, matrix transformations); mathematical methods used for geometric modeling (approximation methods, basic concepts of graph theory), obtaining information about the distribution of machine graphics and its place in automatic design systems, existing systems and obtaining skills in working with one of the most common graphic editors for technical purposes

	How can you use the acquired knowledge and skills (competence)
	Create sketches and three-dimensional models of parts and assemblies, making the most of the capabilities of the CATIA toolkit; create drawings and photorealistic images of models in semi-automatic mode; model sheet metal structures, obtain their scans; import/export the geometry of parts; use surface modeling tools

	Information support
	A set of documentation (presentations / pdf-instructions for the user) and video materials, a computer class for performing practical work.



Prerequisites and place of discipline (place in the structural and logical scheme of training according to the relevant educational program)
	Requirements for the beginning of the study 
	Knowledge gained in the study of the disciplines "Informatics", "Analytical Geometry"



Contents of the course 
	Names of sections, topics
	Distribution by semesters and types of classes, hour

	
	Just
	Lecture
	Practical
	SRS

	Section 1. General information about the systems of functional, design and technological design

	1.1. Modern concept of CAD/CAM/CAE/CAPP/PDM systems
	4
	2
	-
	2

	1.2. Automation of the design process of engineering products
	4
	2
	-
	2

	Section 2. Geometric modeling

	2.1. Basic concepts of geometric modeling
	4
	2
	-
	2

	2.2. Methods of constructing graphic objects
	6
	4
	
	2

	Section 3. Basics of work in CATIA V5

	3.1. Part Design Module
	14
	4
	4
	6

	3.2. Sheet Metal module, Structure Design
	16
	4
	6
	6

	3.3. Drafting module
	24
	6
	8
	10

	3.4. Assembly Module 
	16
	4
	6
	6

	3.5. Generative Shape Design Module
	32
	8
	12
	12

	Together:
	120
	36
	36
	48



Learning Materials and Resources
Main:
1. Design of models of parts by means of software product CATIA [Electronic resource] : guidelines for the implementation of a computer workshop / M. G. Kryshchuk, A. V. Trubin, N. F. Tertyshna, V. O. Eshchenko ; KPI them. Igor Sikorsky, SE "Yuzhnoye Design Bureau" them. M. K. Yangel." – Electronic text data (1 file: 4.42 MB). - Kyiv : KPI them. Igor Sikorsky, 2017. - Part 3. – 112 p. – Name from the screen.  https://ela. kpi. ua/handle/123456789/20083
2. Work in the software product CATIA. General information [Electronic resource] : guidelines for the implementation of a computer workshop / M. G. Kryshchuk, A. V. Trubin, N. F. Tertyshna, V. O. Eshchenko ; KPI them. Igor Sikorsky, SE "CB "Yuzhnoye" them. M. K. Yangel." – Electronic text data (1 file: 2.36 MB). - Kyiv : KPI them. Igor Sikorsky, 2017. - Part 1. – 77 p. – Name from the screen.  https://ela.kpi.ua/handle/123456789/20081
3. Design of products in the CATIA system. Creation of sketches in the module "Sketcher" : [Electronic resource] : guidelines for the implementation of a computer workshop / M. G. Kryshchuk, A. V. Trubin, N. F. Tertyshna, V. O. Eshchenko ; KPI them. Igor Sikorsky, SE "CB "Yuzhnoye" them. M. K. Yangel." – Electronic text data (1 file: 2.09 MB). - Kyiv : KPI them. Igor Sikorsky, 2017. - Part 2. – 102 p. – Title from the screen. https://ela.kpi.ua/handle/123456789/20082
4. Design of models of parts by means of the software product CATIA [Electronic resource] : guidelines for the implementation of a computer workshop / M. G. Kryshchuk, A. V. Trubin, N. F. Tertyshna, V. O. Eshchenko ; KPI them. Igor Sikorsky, SE "CB "Yuzhnoye" them. M. K. Yangel." – Electronic text data (1 file: 4.42 MB). - Kyiv : KPI them. Igor Sikorsky, 2017. - Part 3. – 112 p. – Name from the screen.  https://ela. kpi. ua/handle/123456789/20083
5. Automation of technical preparation of production : Posib. / P. M. Pavlenko, E. I. Yablochnikov, Y. A. Burennikov, L. G. Kozlov; Vinnitsa. National. techn. un-t. - Vinnytsia, 2006. - 114 p. – UCP
Additional:
6. La documentation Catia V5R20 complète.  http://catiadoc.free.fr
7. V6R2012 product documentation https://catiahelp.azurewebsites.net/English/DSDoc.htm
8. Part Design http://www.ingaero.uniroma1.it/Documenti/Coppotelli/prtug.pdf
9. Generative Shape Design http://www.ingaero.uniroma1.it/Documenti/Coppotelli/sdgug.pdf

Educational content
Methods of mastering the discipline (educational component)
Information is provided (by sections, topics) about all training sessions (lectures, practical, seminar, laboratory) and recommendations for their assimilation are provided (for example, in the form of a calendar plan or a detailed description of each lesson and planned work).

5.1. Lectures

	Section 1. General information about the systems of functional, design and technological design

	1.1. Modern concept of CAD/CAM/CAE/CAPP/PDM systems
	Lecture 1.  The purpose and objectives of the discipline. Course contents.  Rating system of evaluation. Connection with other disciplines. Basic terms and definitions. General provisions of the product lifecycle management technology (PLM). The role and place of CAD-systems in the overall system of design and technological preparation of production.

	1.2. Automation of the design process of engineering products
	Lecture 2.  Purpose and development of 2D/3D CAD systems. Classification of CAD by purpose, structure, level of automation. Levels of design automation. Presentation of design documentation. Software and hardware in modern design.

	Section 2. Geometric modeling

	2.1. Basic concepts of geometric modeling
	Lecture 3.  General information about file formats. 2D graphicsa (raster and vector images).  3D grapha (spline, polygonal, voxel models).

	2.2. Methods of constructing graphic objects
	Lecture 4.  Internal representation of geometric models. Mutual transformations of models. Affine transformations. Transformation matrices. 

	
	Lecture 5.  Crookedand Bézier, Cubic Spline, B-spline, NURBS.   Mathematical· methods in machine graphics.

	Section 3. Basics of work in CATIA V5

	3.1. Part Design Module
	Lecture 6.  Familiarity with the program interface. Work   in  sketchmode in.  Two-dimensional geometric primitives.  The basics of no operation on  the creation of solid-state 3D models (pulling / rotation / along the trajectory / along intersections)

	
	Lecture 7.  Reference geometry (coordinate systems / planes / axes).  Creating holes for fasteners, cutouts, chamfers, withrounds.  Model editing  tools. Linear array.  Circular array.  Mirroring elements.

	3.2. Sheet Metal module, Structure Design
	Lecture 8.  Features of modeling parts made of sheet metal. Functions: edge edge, notch, flange along the trajectory, bending lines.

	
	Lecture 9.  Import/Export of sheet metal bodies. Form tools. Modeling of sheet metal in welded structures. Sweep.

	3.3. Drafting Module 
	Lecture 10.  Creating views and cuts. Registration of the main inscriptions.  Add dimensions to your drawing.

	
	Lecture 11.  Adjust the display of external and dimensional lines.  Tolerances.  The roughnessis  indicated.  Baseи and rejectednya form.  Add comments.  Technical requirementsи

	
	Lecture 12.  Creating an assembly drawing and design specifications.  Positions. Landings. Technical sketches.

	3.4. Assembly Module 
	Lecture 13.  Methods for creating assemblies.  The tree of associative connections. Conjugation.  Expanded view

	
	Lecture 14.  Kinematics of movements in additions. Checking intersections, gaps, alignments. Constructional elements in the assembly context. Arrays

	3.5. Generative Shape Design Module
	Lecture 15.  The main methods of  surfacemodeling y. Geometric sets. Construction of reference geometry. Curves. Surfaces of pulling, turning, along the trajectory. 

	
	Lecture 16.  Combining surfaces. Commands: pto separate, trim, merge. 

	
	Lecture 17.  Projections of geometric objects. Smoothing. Commands: transformations. Arrays.

	
	Lecture 18. Analysis of curves and surfaces. Detection of geometry  defects. Creating solids based on a set of surfaces. Import/export of geometry



5.2. Practical classes
Practical work No1.  Modeling of bodies of rotation (related to the topics No6,7 of the lecture course). Tasks for independent work: draw up a report on the work and prepare answers to control questions.
Practical work No2.  Modeling of body parts (related to the topics No6,7 of the lecture course). Tasks for independent work: draw up a report on the work and prepare answers to control questions.
Practical work No3.  Parametric models (related to the topics No6,7 of the lecture course). Tasks for independent work: draw up a report on the work and prepare answers to control questions.
Practical work No4.  Modeling of details from sheetmaterials  (related to topics No. 8,9 of the lecture course). Tasks for independent work: draw up a report on the work and prepare answers to control questions.
Practical work No5.  Development of drawings (related to the topics No10, 11, 12 of the lecture course). Tasks for independent work: draw up a report on the work and prepare answers to control questions.
Practical work No6.  Development of assembly models (related to the topics No13, 14 of the lecture course). Tasks for independent work: draw up a report on the work and prepare answers to control questions.
Practical work No7.  Surface modeling (related to the topics No15, 16 of the lecture course). Tasks for independent work: draw up a report on the work and prepare answers to control questions.
Practical work No8.  Work with scandata (related to the topics No17, 18 of the lecture course). Tasks for independent work: draw up a report on the work and prepare answers to control questions.
Practical work No9.  Creation of library elements (related to the topics No6,7 of the lecture course). Tasks for independent work: draw up a report on the work and prepare answers to control questions.

5.3. Laboratory classes 			Not provided
5.4.		Individual tasks Not provided
5.5. Tests			Modular test work on topics6,7,13,14

6. Independent work of the student
Topic 1.1-1.2 Modern concept of CAD/CAM/CAE/CAPP/PDM systems.  Automation of the design process of engineering products
Tasks on the SRS: To study the basic terms and definitions of computer-aided design and control systems.  Formats for presenting two- and three-dimensional data.

Topic 2.1.  Basic concepts of geometric modeling
Tasks on the SRS: get acquainted with the main methods of working in the CATIA V5 system

Topic 2.2.  Methods of constructing graphic objects
Tasks on the SRS: to get acquainted with the functions and pits in and the docking of models (Wireframe , Dynamic Hidden Line Removal , Shading , Shading with Edges , Shading with Edges and Hidden Edges, Customizing the View Mode, Hiding Objects, Displaying Hidden Objects), manipulating scene objects (  Fitting All Geometry in the Geometry Area, Viewing Along a Normal to a Plane, Standard Views, Panning, Rotating, Zooming In/Zooming Out), working with the build tree

Topic 3.1.  Part Design module
Tasks on the SRS: get acquainted with the Sketch-Based function of the pit (Pads, Using the Sub-Elements of a Sketch, Up to Next Pads, Up to Last Pads, Up to Plane Pads, Up to Surface Pads, Pads or Pockets from Surfaces, Pads Not Normal to Sketch Planes, Multi-Pads, Drafted Filleted Pads, Pockets, Multi-Length  Pockets, Drafted Filleted Pockets, Thin Solids, Shafts, Grooves,  Holes, Holes on Non-planar Surfaces, Locating Holes, Threaded Holes, Ribs, Trimming Ribs and Slots, Slots, Stiffeners, Multi-sections Solids, Removed Multi-sections Solids, Solid Combines) and Dress-Up pitfunctions (Edge Fillets, Variable Radius Fillets, Reshaping Corners, Face-Face Fillets, Tritangent Fillets, Chamfers, Basic Drafts, Advanced Drafts, Variable Angle Drafts, Drafts with Parting Elements, Drafts from Reflect Lines, Shells, Thicknesses,  Threads and Taps, Remove Face Features)

Topic 3.2.  Sheet Metal module, Structure Design
Tasks on the SRS: get acquainted with the functionsof the pit Sheetmetal parameter, Sheetmetal  wall, Wall on edge, Sheetmetal Extrusion, Cut out, Flanges, Hem & Tear Drop, Swept Walls, Hole and Circular cutout tools, Corner and Chamfer in Sheetmetal components, Rolled walls, Applying Bend from flat, Folding and Unfolding tools, Bead and Curve Stamp in Sheetmetal, Flanged cutout and Louver,  Flanged hole, Adding Stiffening Rib and Dowel

Topic 3.3.  Drafting module 
Tasks on the CPS: get acquainted with the function of the Setup and Default views, Sheet properties, Orthographic Projections, Auxiliary view, Section View, Detail view, Crop View, Broken view, Breakout section view, Dimensions / Properties, Generating Balloons, Bill of Materials, Custom Title Block, Exporting tools

Topic 3.4.  Assembly module
Tasks on the SRS: get acquainted with the functionof the pit Inserting components in assembly, Manipulating component, Coincidence constraint, Contact constraints, Offset and Angle constraints, Change constraints, Catalog browser, Reuse pattern, Creating multi Instantiation, Symmetry features, Practice Exercise, Advance in Assembly by Top Down approach, Generating exploded view, Generating numbering & BOM (Bill Of Material)

Topic 3.5.  Generative Shape Design module
Tasks on the CPS: get acquainted with the functionof  the Creating Wireframe Geometry pit (Points, Multiple Points and Planes, Extremum Elements, Polar Extremum Elements, Lines, Axis, Polylines, Planes, Planes Between Other Planes, Projections, Combined Curves, Reflect Lines, Intersections, Parallel Curves, 3D Curve Offset, Circles, Corners, Connect Curves, Conic Curves, Splines, a Helix, Spirals, a Spine, Associative Isoparametric Curves ), Creating Surfaces features (Extruded Surfaces, Revolution Surfaces, Generative Shape Design and Optimizer, Spherical Surfaces, Cylindrical Surfaces, Offset Surfaces, Variable Offset Surfaces, Rough Offset Surfaces, Swept Surfaces, Adaptive Swept Surfaces, Fill Surfaces, Multi-sections Surfaces, Blended Surfaces), Performing Operations on Shape Geometry features (  Joining Surfaces or Curves, Healing Geometry, Smoothing Curves, Restoring a Surface, Disassembling Elements, Splitting Geometry, Trimming Geometry, Boundary Curves, Extracting Geometry, Extracting Multiple Elements, Bitangent Shape Fillets, Tritangent Shape Fillets, Edge Fillets, Variable Radius Fillets, Variable Bi-Tangent Circle Radius Fillets Using a Spine, Face-Face Fillets, Tritangent Fillets, Reshaping Corners, Translating Geometry, Rotating Geometry, Performing Symmetry on Geometry,  Transforming Geometry by Scaling, Transforming Geometry by Affinity, Transforming Elements From Axis to Another, Extrapolating Surfaces, Extrapolating Curves, Laws, Inverting the Orientation of Geometry, the Nearest Entity of Multiple Element, Editing Surfaces and Wireframe Geometry), Editing Surface and Wireframe Definitions ( Replacing Elements, Elements From An External File, Selecting Implicit Elements, Managing Orientation of Geometry, Generative Shape Design and Optimizer, Editing Parameters, Deleting Surfaces and Wireframe Geometry, Deactivating Elements, Isolating Geometric Elements, Upgrading Features).

Politics and control
7. 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 and practical work;  each student personally passes laboratory/practical 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;

8. Types of control and rating system for evaluating learning outcomes (RSO)
Distribution of study time by type of classes and tasks in the discipline according to the working 
	Semester
	Total, hour.
	Distribution by semesters and types of classes, hour.
	FDM
	RGR
	Control

	
	
	Lek.
	Prak.
	Lab.
	SRS
	
	
	

	5
	120
	36
	36
	-
	48
	1
	-
	Passed

	Just
	120
	36
	36
	-
	48
	1
	-
	Passed



Rating (weight) points system and evaluation criteria
8.1. Practical work
Each practical work is evaluated in accordance with the following scale:

	Pr.1 – Modeling of rotational bodies
	10 points

	2 – Modeling of body parts
	10 points

	3 – Parametric models
	10 points

	4 – Modeling of parts from sheet materials
	10 points

	5 – Development of drawings
	10 points

	6 – Development of assembly models
	10 points

	7 – Surface modeling
	20 points

	8 – Working with scan datainthe field
	10 points

	9 – Creation of library elements
	10 points

	Total:
	100 points



Rating points for practical work are set as  a fraction of the maximum possible number of points for a particular work (in accordance with the scale given above):

	Evaluation criterion

	100%
	There are no comments on the report, there are answers to all questions

	80%
	Non-essential comments on the report, answers to most questions

	70%
	Comments on the results, answer to some questions

	60%
	The report has errors, answers only to individual questions

	10%
	The work has been done, the correct results have been obtained, but not protected.

	0%
	Work not done, report missing



8.2. Penalty and incentive points
The overall rating in the discipline includes only incentive points. The total amount of incentive points for the semester may not exceed 40 points:

	Act:
	Points:

	Performing additional tasks
	plus 10 pointsyves

	Improvement of didactic materials on the discipline
	plus 5 points

	Application of the original approach in solving problems
	plus 5 points



Conditions of milestone certification
The condition for obtaining a positive assessment of calendar control in the discipline (educational component) is the value of the current rating of the applicant not less than 50% of the maximum possible at the time of such control.
At the 7-8th week of training (first certification): the  schedule provides for the implementation of: 3 practical works (Pr.1 – Pr.3).   Thus, to obtain the first milestone certification, a student must have at least 3 0  x 0.5 = 15 points.
For the 14-15th week of study (second certification):  the schedule provides for the implementation of: 4 practical works (Pr.4 – Pr.  7). Thus, to obtain  the second milestone certification, the student must have at least  5 0  x 0.5 = 25 points.

Calculation of the rating scale in the discipline
The applicant receives a positive credit score based on the results of work in the semester, if he has a final rating for the semester of at least 60 points and has fulfilled the conditions of admission to semester control, which are determined by the RSO.
The rating scale in the discipline is the sum of points for practical work and incentive points, which together does not exceed 100 points and corresponds to the marks on the university scale:

	Score
	Score

	100-95
	Perfectly

	94-85
	Very good

	84-75
	Well

	74-65
	Satisfactory

	64-60
	Enough

	Less than 60
	Disappointing

	Admission conditions not met
	Not allowed




Work program of the discipline (syllabus):
Compiled by	 Ph.D., assoc., Korenkov V.M.
Approved	 by the Department of Mechanical Engineering Technology (protocol No 1 dated 29.08.2022)
Approved by the 	Methodical Commission of NN MMI (protocol No 1 dated 30.08.2022)
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