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VY wiii crarTi npezcTapieHa iH(opMalis 100 HaBYab-
HHX po3poloK s npeameTy «TexHiuHa MexaHika». Bukiia-
JIaHHS [IbOTO TPEIMETY BXOIUThH JI0 HABYAJIBHOI HPOrpamMu
CTyZIeHTiB-TIepIIOKypcHuKiB. Kiacuyna opma BHKIaqaHHS
HE € IiKaBa CHOTOAHIIIHIM CTyAEHTAM 1 HE MOTHBYE iX.
MeTtor0 BHKIAAYiB, SKi 3a0€3MEUyIOTh BUKIIAJAHHS TIpeMe-
Ty «lWKeHepHa MexaHika» Ha (aKyJIbTeTi BHPOOHHYUX
TexHonorii y IpsiiieBi, € HOKpaleHHs SIKOCTi BUKJIAIaHHS 32
JIONIOMOTOI0  HOBUX ~ CyYaCHMX METOMIB HaBYaHHSI 3
BUKOPUCTaHHSIM KOMIT IOTEPHHX TEXHOJIOTIH i BiIOBIIHOTO
TIPOrPaMHOro 3a0e3MeUYeHHsT 1S CTATUYHOTO Ta IMHAMIYHOTO
aHANI3y CHCTEM TBEPIHX TiIL.

VY 3aBmaHHi 31 CTATUYHOI'O aHANi3y BUOPAHOI peaabHOI
(epMOBOi KOHCTPYKIIT TOSCHIOIOThCS TIpoleaypa Ta
TPHUHIMIA PO3PAXYHKIB IUIOCKHX (epM 3a TOMIOMOTOH
KJIacuyHoro Merony Ta 3a pomnomororo IIK. IHyxaroun
BIJIMOBiIHY TIporpamy, sika O Ha#Kkpaie miaxoauia Juis
BHpIIICHHS 3aBIaHb y Ml ramysi, Oylo omparboBaHO
kimpka mporpam CAIIP. T'onoBHMM KpuTepieM BHOOpY
Oyna JOCTYIHICTh TPOrpaMd IS CTYACHTCHKOTO
KOPHUCTYBaHHS, a TaKOXX MOXIHBICTh NIBHAKOTO Ta
JIETKOTO PO3paxyHKy piBHOBaru Iwiockux ¢epm. Byma
BuOpana nporpama Autodesk Robot Structural Analysis
Professional 2011. Ha meii BuOip, TOJOBHAM YHHOM,
BIUIMHYB TOH dakt, mo y 2010/2011 HaBuampHOMY pOILIi
Ha Kadeapi po3poOKM  TEXHOJOTNIYHUX HPUCTPOIB
(Texniunoro  yHiBepcurery Kommme) ¢akynbrery
BUpOOHMYMX TexHonorid y IlpsmeBi Oyna crBOpeHa
CrieIliaibHa ayJuTOpis A8 BUKJIAJIaHHS KOMIT FOTEPHOTO
MOJICTTIOBaHHs 3 mporpamMHuM 3abe3nedeHHsM Autodesk
Inventor, 1o SKOro MOXXHa JONATH 1 BXKE paHille 3rajaHy
MpOrpamMmy TOro X BUPOOHHKA.

Jlnst  po3B’si3aHHSA  3a3HAYEHOrO THIY 3aJad  3a
nonomororo  mporpamu  Autodesk Robot  Structural
Analysis Professional 0yB po3poOnenuii miapydHuk. Bin
nomaerbest 'y (Gopmi IHCTpYKWIi AjIsi KOpPHCTyBada Ta
HABYAIBHOTO BiJ€0, MIO0 CTYJCHTH MODJIK DPO3B’sA3aTH
MpOCTi 3a7aui 3 PO3paxyHKy PiBHOBArd IUIOCKUX (epm
JIMIIE 3a JOIOMOTror0 mi€i mporpamMu. CTyIeHTH TaKOX
MOBMHHI OMAaHYBATH OCHOBU pPOOOTH 3 MPOrpaMHUM
3a0e3meueHHsM Autodesk Robot Structural Analysis. Ils
pobora HammcaHa 3aBmsaku miaTpumii npoekty KEGA
Homep 270-014TUKE-4/2010 ra VEGA 1/0884/10.
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In the articleisintroducing the information about creation
of the study aids for teaching Engineering mechanics. In
atask about a static analysis of seected real truss sructure are
explained the procedures and principles for solving of the
plane trusses by the classical method and solving with the
support of PC. Part of this study aid is manual for solution of
defined type of tasks in the program Autodesk Robot
Structural Analysis Professonal. The paper was written
thanks to support provided by the project KEGA num.
270-014TUKE-4/2010 and VEGA 1/0884/10.
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[. Introduction

Engineers work in every area of technical practice is
now unthinkable without the use of computer technology.
CA - literacy is now required from each technical
university graduate. The role of universities is to prepare
students for practice in order to be able to solve various
technical problems on the basis of understanding of the
theoretical knowledge with the support of appropriate
CA-technologies.

Teaching of engineering mechanics puts high demands on
students to understand the issues which is taught. Condition
for successful mastering of the subject by students are a basic
knowledge of physics and mathematics and especially the
ability of logical thinking and spatial imagination. From the
side of teachers it is important to arouse interest of students in
the content of this article. Classical form of education is for
today's students little incentive and uninteresting. The
objective of teachers teaching the subject of Engineering
mechanics at the Faculty of Manufacturing Technologies in
Presov is to contribute to improving the quality of teaching by
finding new modern teaching methods with the use of
computer technology and suitable software for static and
dynamic analysis of systems of solids.To cooperate on
solution and processing of individual tasks were also invited
students. Depending on the extensity and intensity of partial
tasks they were assigned to students and they were solved and
processed in the form of bachelor's or diploma works.

Il. Static analysis of truss structures

One of the solved tasks was design and creation of
teaching aids to support the illustration of theoretical
interpretation, to simplify understanding of the issue of
the static analysis of truss structures and part of the
solution of set tasks was to facilitate and accelerate their
own mathematical solution. To achieve that objective
were set the following tasks:
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Select a real truss structure suitable for processing
of a model example of the static analysis.

- Create an analysis model (plane truss) of the
selected truss structure.

- Implementation of the "hand" calculation of the
axial forces of plane truss.

- Proposal a suitable analysis system for solving the
balance of plane trusses.

- Preparation of instructions for the static analysis of
truss structure in a selected CAD program.

[1l. Selection of the truss structure

Subject Technical Mechanics I. is included in the
curriculum for students of the first year. The content of
one from the awards whose solution is a necessary
condition for successful management of this course is the
calculation of axial forces in plane trusses. It was also
subordinated to choice of the real truss structure for
creation of a model solution.

Fig. 1. Therailway bridge over theriver Danube at Komarno[1]

Fig. 2. Proposal of the computational model-planetruss|[1]

For choosing a suitable object were critized more objects
located near the school building and also the structures found
on the Internet. It was selected a railway bridge over the river
Danube in Komarno (Fig. 1). The bridge has a simple
standardized construction which allows the creation of the
computational model for students in a transparent and
comprehensible manner. An important factor in the selection
was the availability of all necessary data about dimensions and
loading of the bridge. Model solution was prepared for the
selected model situation: Static analysis of one segment of the
railway bridge on 60 m length loaded with a standing train.

Prepared was a complete solution of the task by
several methods of determining axial forces in truss
members from the creation of computational model -
plane truss to the calculation of size of the wanted axial
forces. Objective of the defined task was to explain to
students the principle and methods of solving this type of
problems in statics and inform them about the possibility
of static analysis with support for PC.

IV. Selection of CAD program

When searching for a suitable program that best meets
the needs for solving tasks in given area, it was made an
exploration of these CAD programs: Creo Elements
/Pro 5, Autodesk Inventor Professional 2011, Autodesk
Robot Structural Analysis Professional 2011. On the
ground of following facts was selected program Autodesk
Robot Structural Analysis Professional 2011:

- The program Autodesk Robot Structural Analysis
Professional is designed especially for the design,
creation of models and analysis of loading at
various types of constructions.

In school year 2010/2011 was in the Department
of Technological Devices Design (KNTZ) FVT in
Presov created a special classroom for teaching
computer modeling equipped with Autodesk
Inventor software, which can be append with the
above program from the same provider.

In the case of tasks solved in the course Technical
Mechanics 1. program provides quick and easy
solution.

V. Autodesk Robot Structural
Analysis Professional 2011

The program Autodesk Robot Structural Analysis
Professional is a computational system which with its
versatility and progressive principles enable to keep in
step with competing companies in designing of the
engineering structures [2].

»Software uses the "BIM" (Building Information
Model) technology, which now belongs to the most
progressive and fastest evolving methods of complex
model of the structures "[2].

The program allows to create a 3D model of
engineering construction and then convert it to the static
or dynamic analysis.

"Next allows you to make the nonlinear analysis of
constructions and also contains a large number of national
standards, including the Eurocodes, which allows to
obtain the final assessment of the elements very fast in a
very short time" [2].

,Autodesk Robot Structural Analysis Professional
allows to retrieve data in various formats, e.g. *. dwg, *.
dxf, *. stp, *. ifc, *. sat, etc.. It also enables two-way data
exchange with the program Revit Structure.

The big advantage is the creation of custom applications.
Autodesk Robot Structural Analysis Professional 2011
allows to perform a complex analysis of different types of
constructions from buildings across the bridges to
unconventional objects "[2].

VI. Creating a 3D model of plane truss

The basis for the realization of static, respectively
dynamic analysis of constructions is to create a 3D model
(for plane trusses 2D model) of system of the truss
members. The system allows to create models of different
types of constructions. [3]

For plane trusses modeling is designed a tool "Truss
2D design" (Fig.3). Scheme of the truss members system
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can be model specially for each case particularly. This
procedure must be used in case if the shape of the
construction is nonstandard. In the case of chosen truss
structure there is a simple standardized shape of the
construction. Model of the plane truss was therefore
created using a library of the standardized forms of the
truss constructions (Fig.4). This procedure considerably
reduces the time required to create it. Number of fields,
dimensions, type and cross sections of the assigned
profiles are defined through dialog boxes (Fig.5).

Fig. 3. The choice of the work-bench "Truss 2D Design" [4]

Fig. 4. Load of the shape of the construction from
thelibrary[4]

External links are defined by wusing the tool
"Supports". It is possible to use directly built-in links,
respectively it is possible to edit these links as necessary.
Autodesk Robot Structural Analysis Professional 2011
enables creation of more types and ways of loading. The
system works with them as with the independant files.
This means that it allows independant analysis of the
construction which are loaded by its own weight, or
which are loaded by permanently or temporarily acting
force or by a continuous load, e.g. snow. Individual
loaded forces are added using the "Load definition". This
tool allows to design loads at junctions.
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Fig. 5. The choice of the size of the construction and the cross
sections of the beams [4]

Plane truss which is solved is loaded just by lonely
forces which are acting in junctions. Use the button
"Nodal force" to set the size of the forces which are acting
on the junction component of force after component of
force (Fig.7). Loaded forces which are acting in a
direction other than the direction of axes of coordinate
system must be separated into their components acting in
the direction of the chosen coordinate axes.

Fig. 6. Addition of the acting force [4]

In Fig. 7 is the final shape of the model of considered
segment of the construction of the bridge loaded by train.

Fig. 7. Thefinal modd of the planetruss [4]

After create a complete model of the plane truss can
be choose the type of the analysis and run an analysis by
selection of "Calculations" in the popup menu "Analysis".

Analysis results can be viewed in tabular or by
graphical form. The solution of the assigned task are the
results of the reactions in the external links (Fig. 8) and
size of the axial forces in bars (Fig. 9).

Analysis results can be displayed in graphical form
too. Graphical representation is suitable for obtaining the
illustrative idea about loaded of specific bars. Viewing the
sizes of numerical values of the axial forces over their
graphs may be replaced by their tabular view.
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Hode!Caze FX (kH) FZ (kH}

11 2 0,00 1277 07

9 2 0,00 1277 07
Case 2 S5H1
Sum of val. 0,00 255414
Sum of reac. 0,00 2554 14
Sum of forc. -0,00 -2554 14
Check val. 0,00 o0
Precision 291706e-015 | 1,59055e-033

Fig. 8. Thetable of resultant reactionsin external links[4]

BarHode/Case FX (kH) BarHode/Case FX (kH}

1/ 1 2 -647 .79 16/ 9/ 2 1185,54
1/ 21 2 -547 .79 16/ 16f 2 1185,54
2/ 21 2 -647 79 17 3 2 -847 03
2! 3 2 -647 79 17 100 2 -847,03
3 3! 2 -13566,12 18/ 5/ 2 -169,41
3/ 4 2 -138812 18/ 42 2 -169,41
4 4 2 -1388,12 19 ¥/ 2 505,22
4/ 5/ 2 -1366,12 19/ 14 2 a085,22
5/ 5/ 2 -138812 200 T 2 -847,03
5/ 6! 2 -1358,12 200 16f 2 -547 03
B/ 6! 2 -1388,12 2! 51 2 -169,41
6/ i 2 -138812 20 14 2 -169,41
I} T 2 547,79 223 2 a085,22
T/ 8/ 2 -647 79 220 1M 2 508,22
&/ 8! 2 -647 79 23 X 2 -283,79
8/ 91 2 -G47 74 230 100 2 -2683,79
9/ 10/ 2 111049 24 3/ 2 0,0
a9/ 17 2 111048 24 11 2 o0
10/ 117 2 1110459 25/ & 2 -283,79
10/ 12¢ 2 111049 260 121 2 -283,79
11/ 127 2 1480 66 26/ 51 2 0,0
11 13 2 1480 66 26! 131 2 0,0
120 137 2 1480 66 271 B/ 2 -283,79
120 14 2 1480 66 20 14 2 -2683,79
13 14 2 111049 28 T 2 0,0
131 157 2 111048 28/ 150 2 o0
14 15 2 1110459 29! 8! 2 -283,79
14 168 2 111049 29/ 16/ 2 -283,79
15/ 1! 2 118354

15/ 107 2 118554

Fig. 9. Thetable of resultant axial forcesin thebars[4]

Fig. 10.Graphical view of the sizes of axial forcesin bars
of the plane truss [4]

To activate the graphic representation is used the tool
"Diagrams for bars ..." in the roller blind "Results" of the
main menu. After its start it is opened a window with
several tabs which include:

NTM - By the help of this tab are shown the
individual components of forces which acting in
the bars. In the case of the plane trusses is available
only component of the force "Fx" which represents
the resultant axial forces in the bars of the analyzed
plane truss.

Parameters - This tab enables adjust the appearance
of the display diagram to make it understandable and
readable. The card consists from three parts. In the
first part called "Diagram description" can be

adjusts display characteristics of the resulting value
beside the diagram which represents it.

In the second part called "Positive and negative
values" can be adjusted a color severance of the diagrams
which representing the values with the different
orientation. This view in difference to the basic settings
also provides clear informations about the bars loaded by
pressure, or by tension.

For a graphical representation of results is also a tool
"Maps on bars ...". It enables a color severance of the
forces divided into the adjusted intervals according to
their size.

Fig.11. Graphical view by tool "Diagramsfor bars..." [4]

Conclusion

The main objective of the solution above the described
task was to create a study aid that will help students to
understand issues of the static solving of the plane trusses.
Important part of this work are the instructions for static
solution of the plane trusses by help of the computer system
Autodesk Robot Structural Analysis Professional 2011. With
the basis of the work in this program, students will be
informed within teaching a subject Computer modeling.
Instructions for solution of the balance of the simple plane
trusses is processed in manual form and also as an
instructional video.

Our ambition was to arouse students interest not only
about this issue but about the study of Engineering mechanics
in general. Correct acquirement of the basic laws of
mechanics and their application to solving technical problems
in practice and development of the technical thinking is a great
asset of students in their further studies and their application in
engineering practice.
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