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The modern stage of development of CAD-systems is characterized by a significant expansion of the scope of their use.
An interesting direction for improving CAD systems is their integration with CAM systems. One of the main tasks solved by
CAM systems is the development of control programs for CNC machines. Many software developers for automation of de-
sign and technological preparation of production have already equipped their systems with appropriate modules. These
circumstances pose an urgent task for higher educational institutions to introduce the study of integrated CAD/CAM sys-
tems into the educational process of training design engineers. In this case, the emphasis should be placed on the practical
mastery of the skills of developing control programs using a 3D-model of the manufactured part. The stages of preparation
for the implementation of the system are described, starting with the analysis of the market of necessary software products
and ending with the adaptation of the licensed system to the conditions of use in the educational process of the university.
A link is given to the description of the methodology used in the assessment of automated systems at the stage preceding the
tender for their purchase. It is emphasized that the study of the possibility of using a CAD/CAM system in the preparation of
design engineers was carried out by students during the course and diploma projects in the discipline “Automated systems
for technological preparation of production”. The methodology for designing control programs used by students is given,

and the results obtained are assessed.
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Introduction

The modern stage of development of CAD-sys-
tems (Computer-Aided Design) is characterized by
a significant expansion of the scope of their use.
Now it is quite simple to obtain a 3D model of
a part from a 2D drawing (and, vice versa), while
it became possible to quickly and accurately deter-
mine a number of parameters, such as the weight of
the part, its surface area, coordinates of the center
of gravity and moments of inertia relative to the X,
Y, Z axes. An interesting direction for improving
CAD-systems is their integration with CAM-sys-
tems (Computer-Aided Manufacturing). One of the
main tasks solved by CAM systems is the develop-
ment of control programs for CNC machines.

Many software developers for automation of
design and technological preparation of produc-
tion have already equipped their systems with ap-
propriate modules.

Firm “Ascon” has integrated into the system
of three-dimensional modeling KOMPAS-3D
module CNC, which allows you to receive control
programs for various types of processing.

Firm “Top-Systems” has supplemented the
T-FLEX CAD computer-aided design system
with the T-FLEX CNC option.

1. Purpose of the study

These circumstances pose an urgent task for
higher educational institutions to introduce the
study of integrated CAD/CAM systems into the
educational process of training design engineers.
In this case, the emphasis should be placed on the
practical mastery of the skills of developing con-
trol programs using a 3D-model of the manufac-
tured part.

At the stage of choosing an automated sys-
tem for obtaining control programs for further
use in the educational process of the Sukhoi State
Technical University of Gomel, the technique de-
scribed in [9] was used.

2. The sequence of the research

Preparation for implementation in the educa-
tional process of designing using CAD/CAM sys-
tems consisted of the following stages:

1. Purchase of licensed software for 20 us-
ers, namely, T-FLEX CAD 3D and T-FLEX CNC
3D systems.

2. Installation and adaptation of the speci-
fied software to the conditions of use in the ed-
ucational process of the Sukhoi State Technical
University of Gomel.
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3. Preparation of educational and method-
ological literature containing guidance on the
use of a CAD / CAM system in course and di-
ploma design. The features of this stage are de-
scribed in [10].

The study of the possibility of using a CAD /
CAM system in the training of design engineers
was carried out by students of the specialty 1-53
01 01 “Automation of technological processes
and production (by directions)” when performing
a course project in the discipline “Automated
systems for technological preparation of
production” and when completing a diploma
project.

The development of the control program was
carried out in the T-Flex CAD computer-aided de-
sign system using the T-FLEX: CNC option.

To obtain the control program, the following
steps were performed:

1. Using the “Tool Editor” command, a cut-
ting tool with the required parameters was created
and saved in a file with the “.too” extension (Fig. 1);

2. On the toolbar, the command “Drilling
5D” was selected, and in it the name of the op-
eration, the tool, the surface relative to which the
machining is performed and the drilling parame-
ters (depth, speed, feed, etc.). The results of this
processing are shown in Fig. 2—4;
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Fig. 2. Vector diagram of drilling

Fig. 3. Drill in start position (Block N105)

Fig. 1. Tool editor

Fig. 4. Drill in end position (Block N115)
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3. On the toolbar, the command “3D mill-
ing” was selected, and in it the name of the op-
eration, the tool, the face that will be milled, the
angle of inclination of the tool, the type of pass
and the milling parameters (depth, speed, feed,
etc.). The results of this processing are shown in
Fig. 5-7;

4.  To check the developed program, the “Pro-
cessing simulator” command was launched, during
which the tool path was presented in the form of
a video;

5. The result obtained in the form of a con-
trol program presented in fig. 8 was saved in a file
for transfer to the machine.

6. To check the developed program, the
“Processing simulator” command was launched,
during which the tool path was presented in the
form of a video.
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N240F1000
N245G00%¥31.1266Y11.4865Z97.1635B7.99999C-90
N250M11

NZ55M02
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Fig. 8. Listing of the control program:
Operation 030 Horizontal milling
(Cylindrical mill L=80 D=30)

Conclusion

The introduction of an integrated design sys-
tem into the educational process has shown not
only the possibility of obtaining a control program
for a CNC machine tool, but also the practical im-
plementation of this possibility by students on the
basis of licensed software. The results, in the form
of control programs obtained in the course of di-
ploma design using integrated CAD/CAM sys-
tems, were highly appreciated by the members of
the State Examination Commission

Fig. 5. Approach cutter (Block N220)

Fig. 6. Bevel milling (Blocks N230-N235)

Fig. 7. Cutter retraction (Block N245)v
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IIETYXOB A. B.

BHEAPEHUE UHTETPUPOBAHHbBIX CUCTEM NPOEKTUPOBAHUA
B YUYEBHbIU NMPOLECC

Yupescoenue obpazosanus «lomenvckuii cocyoapemeennulii mexuudeckuu ynusepcumem umenu I1. 0. Cyxoeoy,
2. Tomenw, Pecnyonuxa benapyce

Cospemennviii sman pazsumusi CAD-cucmem (Computer-Aided Design) xapaxmepu3zyemcsi 3HQUUmMeIbHblM PACUUPEeHU-
em cep ux ucnonvzosanus. Mumepecnvim nanpasnenuem cosepuwiencmeosanus CAD-cucmem signsiemcs ux unmezpayus
¢ CAM-cucmemamu (Computer-Aided Manufacturing). Oonou u enasuvix 3adau, pewaemvix CAM-cucmemamu, sensemcs
pazpabomxa ynpasnsaiowux npoepamm s cmaukos ¢ 4I1y.

Mnuoeue pazpabomuuxu npocpammnozo obecneuenus O A6MOMAMU3AYUU KOHCIPYKIMOPCKO-MEXHON02UHECKOl N0020-
MOBKU NPOU3BOOCEA YIICe OCHACMUNU CBOU CUCTEMbL COOMBEMCMEYIOUWUMU MOOYIAMU.

Vkazanunvie oocmosmenvcmea cmassam nepeo 8blCuiMU Y4eOHbIMU 308€0CHUAMU AKMYATLHYIO 340ady 66eCmu U3yUeHue
unmezpuposannvix CAD/CAM-cucmem 6 yuebuwiii npoyecc noo20mosKU UHICEHEPOG-NPOEKMUPOSWUKOS. Ynop npu 3mom
HYJICHO CcOenamv HA NPAKmudeckoe 061d0eHue HABLIKAMU paA3pAbOMKU  YAPAGIAIOWUX NPOSPAMM € UCHOTb308AHUEM
3D-mo0enu uzeomagnusaemoul oeman.

Onucanvl smansl NH0OO20MOBKU K GHEOPEHUIO CUCTEMbl, HAYUHAS C AHATU3A PbIHKA HEOOXOOUMbBIX NPOSPAMMHBIX NPOOYK-
MO8 U 3aKaH4U6as aoanmayueli TuYeH3UpoSaHHOU CUCIEMbL K YCIOBUAM UCNOTb308ANUS 8 YUeOHOM npoyecce YHUGepCumema.
Haemcs ccoiika na onucanue mMemoouku, UCHOIb3YeMOl NpU OYeHKe A8MoMamu3upoSaHHblX CUCEM HA cmaouu, npeouie-
cmeylowjell npogedenuio menoepa Ha ux 3axkynky. Iloouepkuymo, umo ucciedosanue 8o3modicnocmu ucnonvsosanus CAD/
CAM-cucmemul npu n0020mMo8Ke UHICEHEPOB-NPOEKMUPOBUUKOE DBbIIO NPOBEOEHO CIYOEHMAMU NPU 8bINOTHEHUU KYPCOBO2O
U OUNIOHO20 NPOEKNMO8 NO OUCYUNIUHE KABMOMAMUUPOBAHHBIE CUCIEMbL MEXHONI0UYECKO NOO20MOBKIU NPOU3B00CNEAY.
TIpusooumcs memooura npoeKmuposaniusl Ynpasiaiouux NPOSPaAmMM, UCNOIb3YeMasi CIMYOeHMamu, U 0demcsi OYeHKd noayyeH-
HbIX pe3yibmamos.

Knrouesvie cnosa: noozomosxa umdicenepos-npoekmuposujuxos, ynpasisowas npoepamma, CAD/CAM-cucmema,
npoepamMmHo-ynpasnaemoe 06opyoosanie.
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