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 

Abstract: The article considers the structure of the discipline 

“Engineering Graphics” which is based on the modern solid 

modeling technologies in the environment of software products 

made by Autodesk, and on traditional methods of Descriptive 

geometry, Mechanical drawing and Design planning. The 

characteristic of modern PDM-technologies is given. Special 

attention is paid to the issues of traditional and modern design 

methods compatibility. The objectives of the course 

“Engineering Graphics” are outlined.  Some examples of 

graphic work, training and control methods are given. The place 

of the discipline “Engineering Graphics” in the General 

structure of educational process of training of highly qualified 

specialists for machine-building enterprises is defined. 

 

Index Terms: Solid Modeling, Professional Training, 

Machine Building 

I. MODERN DESIGN TECHNOLOGIES 

Nowadays, the design process of products for machine 

engineering sphere is based on creating their 3D models 

[1-4]. Such models are used to perform calculations [4], 

imitate the operation of the product [5] and analyze different 

ways for the product improvementT [6-8].T UsingT 3D-T 

modelsT manufacturingT techniquesT ofT productT detailsT (orT 

otherT constituentT parts)T areT developed.T 3D-modelsT areT 

alsoT usedT toT performT assemblyT operationsT [1,T 8]. 

InT recentT yearsT theT technologiesT basedT onT theT 

developmentT processT ofT aT realT productT andT ofT itsT 

informationT modelT (itsT constituentT 3D-model)T atT theT 

sameT timeT toT manageT theT productT lifecycleT (PDMT –T 

ProductT DesignT Management)T [9]T areT becomingT 

increasinglyT popular.T TheT knownT analogueT isT 

BIM-technologyT inT buildingT industryT (BuildingT 

InformationT Model)T [10]. 

II. TRADITIONALT CONSTRUCTIONT 

TECHNOLOGIEST ANDT THEIRT PLACET INT THET 

MODERNT DESIGNT PROCESS 

AtT firstT sightT itT seemsT obviousT thatT traditionalT 

designing,T basedT onT theT methodsT ofT DescriptiveT geometryT 

andT EngineeringT graphicsT [11,T 12],T andT onT theT methodsT 

ofT TheoreticalT mechanics,T MaterialT resistance,T theT TheoryT 

ofT mechanismsT andT machines,T etc.,T hasT becomeT thingT ofT 

theT past.T ButT itT isT notT soT inT realityT [13].T ComputerT 

technologiesT dramaticallyT improveT productivityT andT 

designT accuracy.T TheyT alsoT allowT theT analysisT andT 
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selectionT ofT solutionsT thatT meetT theT specifiedT criteria.T 

However,T theT engineerT isT responsibleT forT definingT theT 

criteriaT andT settingT designT tasks.T TheT qualityT ofT itsT 

solutionT isT determinedT byT theT levelT ofT competenceT ofT theT 

engineerT beingT formed,T includingT traditionalT methodsT ofT 

design. 

NewT technologies,T includingT PDM-technologies,T doT notT 

alwaysT justT comeT toT replaceT theT outdatedT ones.T TheT 

educationalT processT inT higherT educationT isT limitedT byT 

time.T IfT weT talkT aboutT theT disciplineT “EngineeringT 

graphics”,T whichT isT discussedT inT theT article,T organizingT 

methodsT ofT teachingT onT theT principleT ofT “firstT weT masterT 

whatT wasT beforeT andT thenT weT willT studyT 3D-modeling”T 

[13]T isT notT correct.T ItT isT wrongT notT becauseT ofT theT factT 

thatT studyingT theT disciplineT willT takeT aT lotT ofT time,T butT 

becauseT ofT theT falsityT ofT theT approach.T InT theT authors`T 

opinion,T obsoleteT methodsT shouldT beT replacedT withT newT 

ones,T andT ifT itT isT possibleT toT keepT theT sameT scopeT andT 

theT contentT ofT theT theory.T TheT objectiveT isT notT justT toT 

keepT it,T butT toT processT takingT intoT accountT theT toolsT ofT 

3D-modeling,T theT requirementsT ofT theT FederalT StateT 

EducationalT StandardT andT professionalT standardsT usedT inT 

machine-buildingT enterpriseT whichT areT specializedT inT 

programT products,T forT exampleT inT theT productT byT 

AutodeskT (theT USA),T SolidworkT CorporationT 

(independentT companyT divisionT DassaultT SystemesT -T 

France),T AsconT (Russia)T andT others.T ItT isT obviousT thatT 

theT contentT ofT theT revisedT courseT “EngineeringT Graphics”T 

willT beT differentT fromT theT traditionalT oneT butT whileT 

maintainingT itsT basicT theoreticalT foundationsT [3,T 12]. 

III. THET STRUCTURET OFT ENGINEERINGT 

GRAPHICST COURSE 

AT studentT whoT hasT masteredT theT courseT ofT 

EngineeringT graphicsT must: 

-T haveT theoreticalT knowledgeT toT workT withT 3D-objects; 

-T knowT howT toT useT itT toT createT designT documentationT 

forT mechanicalT engineeringT products; 

-T haveT practicalT skillsT ofT workingT withT 2D-graphicsT 

andT 3D-modelingT inT modernT programT products. 

InT suchT aT structure,T toT formT theT courseT “GraphicsT 

engineering”T isT difficultT andT time-consuming.T InT LipetskT 

StateT TechnicalT UniversityT theT DepartmentT ofT 

EngineeringT graphicsT hasT beenT workingT inT thisT directionT 

forT manyT years.T TheT firstT resultsT ofT thisT workT wereT 

obtained,T testedT andT 

publishedT inT 2013-2014T 

years. 
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TheT structureT ofT theT disciplineT “EngineeringT graphics”,T 

beingT studiedT currentlyT byT first-yearT studentsT ofT technicalT 

specialtiesT ofT theT InstituteT ofT MechanicalT engineeringT inT 

LipetskT StateT TechnicalT UniversityT isT theT following: 

-T SemesterT 1.T 1T hourT ofT lectureT andT 2T hoursT ofT 

practicalT classes,T consultations,T independentT work.T OnlyT 

3-4T credits,T dependingT onT theT directionT ofT training.T  

-T SemesterT 2.T 1T hourT ofT lectureT andT 2T hoursT ofT 

practicalT classes,T consultations,T independentT work.T LikeT 

inT semesterT 1,T inT semesterT 2T thereT areT 3-4T credits,T 

dependingT onT theT directionT ofT training.T ItT isT plannedT toT 

replaceT 1T hourT ofT lecturesT withT anT additionalT hourT ofT 

practicalT training. 

TheT softwareT isT AutodeskT AutoCADT andT InventorT 

Professional.T TheT choiceT ofT softwareT productsT ofT 

AutodeskT isT explainedT byT theT followingT reasons: 

• recognizedT leadershipT onT theT RussianT market,T alongT 

withT theT companiesT AsconT andT SolidworksT 

Corporation,T itsT popularityT andT wideT enoughT 

distribution; 

• theT similarityT ofT itsT interfacesT andT principlesT ofT workT 

withT softwareT ofT otherT companies; 

• highT levelT ofT capabilitiesT inT theT fieldT ofT notT onlyT 3DT 

modelingT andT designT documentationT developmentT 

inT accordanceT withT ESCD,T butT alsoT inT theT 

performanceT ofT complexT calculationsT (strengthT andT 

fatigueT calculations,T etc.)T usingT traditionalT 

methodsT (disciplinesT ofT materialsT resistance,T theoryT 

ofT mechanismsT andT machines,T machineT parts)T andT 

finiteT elementT methods; 

• extensiveT importT andT exportT opportunitiesT (3DT modelsT 

createdT inT AutodeskT InventorT andT inT SolidWorksT 

areT exportedT withT virtuallyT noT lossT andT viceT versa); 

• AutodeskT providesT theT abilityT toT installT licensedT freeT 

softwareT notT onlyT inT computerT classesT ofT 

educationalT institutions,T butT onT homeT computersT ofT 

studentsT (andT thisT isT theT mostT important). 

ManagementT ofT theT educationalT processT inT practicalT 

andT lectureT classesT areT carriedT outT withT theT helpT ofT theT 

programT LiteManagerT FreeT [14].T TheT followingT featuresT 

ofT theT programT canT improveT theT qualityT andT efficiencyT ofT 

theT educationalT process: 

• theT demonstrationT ofT educationalT materialT andT 

methodsT ofT workT withT theT softwareT (AutoCAD,T 

Inventor)T fromT theT teacher'sT computerT onT everyT 

student'sT computer; 

• real-timeT trackingT ofT activitiesT inT theT classroomT ofT 

eachT student; 

• interferenceT inT theT student'sT workT withT softwareT 

(AutoCAD,T Inventor),T forT exampleT duringT theT 

processT ofT 2D,T 3DT modeling,T orT drawing. 

TheT methodicalT materialsT whichT areT necessaryT toT 

performT graphicT worksT inT softwareT productsT AutodeskT 

AutoCADT andT InventorT ProfessionalT areT foundT inT onlineT 

cloudT storageT servicesT andT areT availableT bothT atT practicalT 

classes,T andT atT independentT workT onT homeT computers.T 

TheT InternetT providesT theT accessT toT theT necessaryT 

literature,T primarilyT toT theT textsT ofT stateT standards.T TheT 

theoreticalT partT ofT theT courseT “EngineeringT graphics”T 

includesT theT studyT ofT theT basicsT ofT descriptiveT geometryT 

(theT firstT semester)T andT engineeringT drawingT (theT secondT 

semester). 

ThreeT individualT graphicT worksT onT theT themeT ofT 

positionalT andT metricT problemsT forT points,T linesT andT 

planes,T faceT surfaces,T surfacesT ofT rotationT haveT beenT 

planned.T EachT ofT theT worksT isT performedT inT anT 

AutoCADT environmentT withT theT applicationT ofT bothT theT 

methodsT ofT descriptiveT geometryT andT 3D-modeling.T 

Besides,T ofT theT 36T hoursT ofT practicalT trainingT providedT 

forT inT theT curriculumT inT theT semester,T theT firstT 8-10T 

hoursT areT allocatedT forT theT acquisitionT ofT practicalT skillsT 

ofT workingT inT theT modelT AutoCADT space.T ItT isT extremelyT 

importantT thatT afterT beingT trainedT inT semesterT 1,T aT 

studentT couldT perceiveT theT surroundingT objectsT asT aT resultT 

ofT operationsT ofT merging,T subtractionT andT intersectionT ofT 

theirT surfacesT (bodies)T andT couldT knowT theT methodsT ofT 

performingT allT theseT operations. 

TheT secondT semesterT isT entirelyT devotedT toT theT theoryT 

andT practiceT ofT creatingT designT documentationT inT 

accordanceT withT theT standardsT ofT ESKDT engineeringT 

productsT inT AutodeskT InventorT Professional.T TheT 

followingT graphicT worksT areT provided:T 3D-modelT andT 

partT drawingT (patternT “Detail”);T 3D-modelT andT drawingT 

ofT boltT connectionT (patternsT "Assembly"T andT “Scheme”);T 

readingT anT assemblyT drawingT orT buildingT aT 3D-modelT ofT 

anT itemT accordingT toT itsT assemblyT drawing;T theT designT ofT 

theT shaftT reducer.T TheT firstT twoT graphicT worksT involveT 

testingT theT basicsT ofT theT theoryT andT practiceT ofT drawingT 

development.T TheT thirdT andT fourthT graphicT workT 

involvesT checkingT theT improvementT ofT knowledgeT andT 

practicalT skills.T OneT ofT theT mostT importantT resultsT ofT theT 

trainingT shouldT beT theT realizationT thatT whenT developingT 

aT 3D-modelT ofT theT product,T itsT drawing,T theT studentT 

makesT thisT productT atT thisT stageT usingT aT computerT orT 

appropriateT software. 

T ControlT ofT masteringT ofT theT studiedT materialT byT 

students.T ItT isT assumedT thatT allT theT graphicT worksT 

performedT byT students,T forT theT mostT part,T areT performedT 

inT practicalT classes.T UsingT LiteManagerT FreeT programT 

makesT itT possibleT toT saveT andT analyzeT theT resultsT ofT theT 

student'sT workT atT eachT lesson,T ifT necessary.T TheT systemT 

ofT InternetT testingT [15]T isT widelyT usedT toT checkT theT 

assimilationT ofT theT theoreticalT material.T DuringT theT 

semesterT aboutT fiveT timesT theT studentsT areT offeredT toT 

performT theT testT tasksT onT theT studiedT topicsT inT theT systemT 

ofT InternetT simulatorsT asT partT ofT independentT workT onT 

theirT homeT computers.T TheT finalT examT orT testT includesT 

testing,T usuallyT inT theT FEPOT system. 
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Fig.T 1T showsT aT 3D-modelT ofT theT shaft,T createdT asT partT 

ofT theT lastT graphicT workT isT shown. 
T  
Fig.1.T ShaftT assemblyT –T visualT image.T DesignT 

assignment. 

StandardT designT detailsT (bearings,T key,T washer,T screw,T 

pin,T ring),T theT presenceT andT locationT ofT theT shaftT 

elementsT (chamfers,T fillets,T groovesT forT theT outputT ofT theT 

grindingT wheel,T zincT holes),T geometryT parametersT ofT 

standardT shaftT elementsT (slots),T gearT parametersT (module,T 

numberT ofT teeth,T toothT angle,T profileT angle,T displacementT 

coefficient,T faceT widthT andT hubT lengthT areT definedT asT theT 

initialT dataT forT theT design.T TheT studentsT establishT anyT 

missingT dimensionsT themselves.T  

AsT partT ofT thisT workT aT studentT developsT aT 3D-modelT ofT 

theT assemblyT (Fig.T 1),T itsT drawingT (notT givenT inT theT 

article)T andT theT drawingT ofT theT shaftT (Fig.T 2). 
T  

 
Fig.2.T TheT drawingT ofT theT shaft. 

IV. CONCLUSION 

WhenT evaluatingT theT finalT workT (Fig.T 2),T weT shouldT 

keepT inT mindT theT factT thatT thisT isT onlyT theT beginningT ofT 

theT designT processT training.T Further,T theT studentsT willT 

studyT suchT disciplinesT asT “MachineT Parts”,T 

“FundamentalsT ofT Interchangeability”,T andT others.T InT theT 

courseT ofT EngineeringT graphicsT suchT conceptsT asT 

tolerancesT andT landing,T surfaceT roughnessT areT onlyT 

mentioned.T  

SolidT modelingT methodsT areT currentlyT theT basisT ofT 

practicalT trainingT ofT engineersT inT theT fieldsT ofT design,T 

technologyT developmentT andT otherT areasT ofT design.T 

However,T inT theT theoreticalT partT ofT theT trainingT theT roleT 

ofT theT traditionalT designT methodsT cannotT beT 

underestimated. 
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