PRODUCTION 2016, Vol. 12, No. 3, pp 22-29

ENGINEERING ISSN 2353-5156 (print version)
ISSN 2353-7779 online version
ARCHIVES ( )
Article history: Received: 17.08.2016 Accepted 0872016 Online: 30.09.2016
Available online on: http://www.qgpij.pl Exist sinc& 4uarter 2013

Unbridgeable gap between evolution of blue-
print codes and communication — paradigm
changing in production

Mark Gy éri !, Péter Ficzeré, Laszl6 Lovas

PhD Student; MSc in Technical Manager Engineerasgistant Lecturer, Department of Vehicle Parts indctures Analysis; Budapest
University of Technology and Economics; H-1111 Buetat, Sztoczek u. 2.; gyori@kge.bme.hu

°PhD in Mechanical Sciences; MSc in Mechanical Eegiing; senior lecturer; Department of Vehicle ®ard Structures Analysis; Bu-
dapest University of Technology and Economics; HilBudapest, Sztoczek u. 2.; ficzere@kge.bme.hu

3PhD in Mechanical Sciences; MSc in Mechanical Eegiing; associate Professor; Department of Velflelgs and Structures Analysis:
Budapest University of Technology and Economics;IHAlBudapest, Sztoczek u. 2.; lovas@kge.bme.hu

Abstract The traditional 2D drawing (hand drawing) in engirieg has a commonly known communication code. &tmsnmunication
codes (type of line, width of line or other marksakesthe engineering communication easier, faster afet.sin the last couple of decades
new computer aided design and manufacturing methads been developed. The communication has bemmet. This article aims to
investigate the gap between software developmeahtales of communication. Although software supgas developed the communica-
tion codes and basics have not been significamtinged. 2D drawing code is not yet fully includadmnodern 3D CAD software. Auto-
matic 2D drawing generation from 3D computer modesailts problems, for example in sections, cutstaeak-outs. This paper shows the
most common problems and makes recommendationghrearmonisation of the communication codes.
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1. Introduction rect, the information cannot be passed, or can be
passed incorrectly (BSIAK-BETLEJEWSKA

Description of complex shapes is very difficult.affis ~ POTKANY, 2019. It is, therefore, necessary for the
why technical drawings are generally accepted as@PPlication of drafting standards to minimise tiee
a special language to describe shapes and sizes. TH data transmission over the connection (Fig. 1).
drawing creates a connection between the desitreer,

manufacturer and the operator. If the link is not-c
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objects and shapes in three dimensionsan excel-

lent application ofperspectiv depiction (Fig. 3). The
shapes are shown clearly perspective depiction, but
there is nosatisfactor information about the exact
dimensions.

Fig. 1. Communiaction chain in Egnieeri

Source: own study

As spoken and written language ches, the
drawing standards also keep evolving in times.
first graphical representations can be found in
caveman era, in the form of cave painti(Fig. 2).

Fig. 3. The Adoration of the Magi (Leonar

During his whole life, Leonardo alwaattempted
the most accurateepresentatic possible. In his late
works, he used different colours to show discesand
depth sizes. For exam, it is not ice able above the
shoulder of Mona Lisahe farther the part, the darker
the blue colourThe section representation of techn
drawings are alsmdebte( to Leonardo (Fig. 4). What
is more, he alsaised themodern sense of the word
broken-upsections and hesections.

Fig 2. Cave drawings of prehistoric rr

The cave drawings of prehistoric man alsip-
tured the images of a slice of reality. By usingsi
drawings, previous experienceas recorded and re-
called; the animalvas likely to b recognized which
had to be faced while huntingherefore, it ontributed
to overcoming fear, and providexpportunty to pre-
pare for the fight. The image, thusecame source of : e
information. Of course, in this case it is onlyveo- Wltiel /o Taund) dimbodiara Ay ohome }a ey o|voflawel
dimensional depicting, aisual display performanc Fig. 4. Anatomical section (Leonart
A significant progress in the area of visual reprea-
tion has been brought by Leodarda Vinci (145-

1519). In his paintingsffort can be seen to show {
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However, engineering applications are usu
very complex structuresp represent them, Leonar
also had to choose the 3D geometmthod(Fig. 5).

R T e

Fig. 5. Leonardo's selbropelled cart (Leonardt

In Fig. 5.it can be observed that he tried te-
sent the operation of the device where mechanisr
and specific details can be also seen, for exaggde
linkage. Unfortunately, this plan coutshly be realized
five hundred years later. The basics of the culye
used code of mechanical representation evolvela
early twentieth century. The firshonochrom copy
procedures spread by this time and the rules
adapted to them. Instead of the previous use abws
colours, line coloursbecame only blackDifferent
functions were signed by various types and thick
of lines. The views are basically plapmjections, the
rules of revealing internal details are createdniamc-
made drawings. This regime was used in a signifi
part of the last hundred years.

In the last twenty years thanks to the moderr
CAD-systems and the rapid spread of colouredt-
ing and copying the system of rules seemshave
become limited. (bvas L., 2010) Nowaday, the
planned parts are designed by the level of théhéned
skethes. They are created as a 3D model in a !
system immediately after the development of thenr
topology and function (GMPANY ET. AL., 2009). The
whole development is done on computers, and tls
no need for plane drawings for the production (C
machines, 3D printing processes)iC#ERE, BORBAS,
2016). The question arisess there any need for usi
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the conventional plane drawing rule systems? If

which parts of them are modern, and which parts
not worth applying anymofeA further advange of

3D models against the 2D plane draw is that they
can be used for marketing purpoas well as interfer-
ences cheques, finvestigation, motion simulation
(animation) and functional analysis can be mads
them. Furthermoreif can also be usefor surveying
the loadability (numerical analysis), optimizinge
geometry and material and for examinn of the as-
sembly possibility (¢ANCO, KMET, FEDORKO, 2016,

ULEwICZ R., JELONEK D., MAZUR M. 2016, KRYNKE

M. 2015,ULEwWICZ R. 2013,NOWAKOWSKA-GRUNT J.,

MAZUR M.).

First the main requirements of the drawingu-
mentations will be investigated, after (it), th@lplems
of plane drawings generated by CAD systems wil
introduced. Finally, suggestions for modifying tt
drawing rules to the case of fhand drawings and
CAD drawings will be given.

2. General Requirements About Draw-
ing Documentations

The main rules abouytlanning are clarity, simplic-
ity and safety whichmeans the followins in the area
of technical drawings
obvious documentation(drawing, parts list,
technical description)
simpleunderstandability (readabilit
availability of all informatiol (without redun-
dancy)
possibility of simple and quick representat
in any circumstances

The components and structures muscreatable

sakly by the drawing, while the framed construct
must be operable.
In the course of modelling the generated planw-
ings can be part drafts or assembly drafts. Te-
quirements of these twdrawing documentatic are
partly the same and different.

The man requirement about part drafts is i-
ously the manufacturability. It means verifiabiliypd
the giving the necessary views, sections, symns
dimensions, surface roughness, form and orient
tolerances.

The requirements about assembly draft the follow-
ings:
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» clear definition of the relationships of joini
components

» functions of related surfaces should be i-
ously traceable

» assembled status, position should be overy
guestion of decidability of assemk

* boundary conditions (positions,imensions,
stresses should be verifia

By creatingplane drawing the above givenn-

siderations must be observed as far as pos

3. Differences Between Plane Drawing
And Generated Drafts

If the component or mechanism has a 3D mc
the simplestvay of creating plane drawings is gert-
ing projections withthe help of an embedded o-
rithm of the applied software. It happens usuallth\
respect to the rules of drawing&/lith an exception to
the ruleif the component has sL details or features
which have rules of symbolic simplified represeiota
are applied to in 2D drawings:

* thread,
» ribbingsplinedshaft and h,
s gears.

In case of threadshe representation is alstm-
plified in three dimensions (Fig)6in order to spare
with grgphic memory and computational time, and
plane representation will also be simplit (MOLNAR,
ET. AL., 2016, SvGuT P., KUMECKA-TATAR D.,
Borkowski S.). In such cases colours are used toe-
sent the fetares (for example the length of thread),
the solid geometry does rfotlow it.

Fig. 6. Solid representation of a screw with sirfigdl
representation of the thread (colour and render
Source: own study

Splines are not simfled in projections by st-
ware (Fig. 7).
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Fig. 7.Projected representation of spline shaft with
simplificatior

Source: own study

At representing gearinalso may not be simplified
(Fig. 8), software aim to visualize the real shape
the generated representation is not only incorpet
makes reading the drawing more difficult, espegial
case of joining gears.

777
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Fig. 8.: Drawing of a gear withot
simplification of splineand gear
features

Source: own study

Fig. 9. Representa-
tion of gear with
simplification

Source: own study

Another problem is the usage of differentc-
tions. Generating revolved sections which is a &
type of section, canndie generated automatically. In
case of broken-owgection the borderne of the break-
out also does nameet the current standard of i-
neering drawing (FiglL0).

The reason of it is that modifying the default |
types is quite difficult (it is posble only in groups at
the same time).
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This problem has been solved time latest vr-
sions of software, so the bordare of broken out:
appears automatically in the correct form. Markaf(
tangential connections does also not meet the atds
because roundinghould be marked with only ol
tangent line, not two.

s

Fig. 10. Problem of border line of broken#-section
Source: own study

Rules of sections in the symmetry plane
also disregarded, software appliesly full- or
broken-out-sections.

It is clear that the necessatgtails can be p-
resented fully, but in many cases it is much n
difficult and needs more paper than a freel
drawing.

In general software doesot apply the ruk
that certain parts must not be sectioned length
— mostly tight elements — to adbimass effec
such elements are for example shafts, pins,
spokes (Fig. 11).
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Fig. 11. Problem of section of tight, cylindricant
Source: own study

In case of rodike or shaf-like-elements
(hardware parts), sudms pins, screws, shafts tl
feature can be defad which is taken into accou
by the CAD software.
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Fig. 12. Problem of sectioned representation oiing;
elements
Source: own study

Another problem is the section of gears.
case of straight or oiglue tooth, the solid model
always sectioned by the cutting plane and
simplified representation not applied. It is
a frequensituation that in case «odd number of
teeth on the one side the tooth surface can be
but on the other side thei®a sectioned tooth.
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case of oblique teething it is more difficult tn-
derstand the drawing (Fig. 8).

In case of oblique projections it is diffict
represent the symmetry lines and bolt hor-
cles. Mostly in software it is not adapted there
symmetrylines follow the horizontal andertical
directions of the paper (Fig. 13).

Fig. 13. Problem of representation of symm-lines and
bolt hole circle
Source: own study.

If students study hand and software draw
simultaneouslythey are inclined to accept to
correct without criticism, whiclthey have seen ¢
the screen.

4. Harmonizing Of Hand And Software
Drawing Habits, Suggested Modifia-
tions

In order to make the transition from the drawn
documentation to the generat&D documentatiol
does not pose any break neither for the desigroe
the user, if a bit late, but it would be appropiad
make recommendations to convert the machine-
ing standards, as well as the developers of CAs-
tems.
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Below —from our own xperience — the following
possibilities are emergir

4.1. Application of colours

It is possible to use different colours for linee-
side the thekness. It works at 2D softw: long ago. It
was not very successful, because it is very diffe
from the engineering way of thinking, and from t
usual code system.

Instead of hatching of surfaces, or distinctior
parts it could be possible to fill the surfaceshwdiif-
ferent colours inside the contot

4.2. Application of simplificatopns

In case of threaded parts, splines and teethin
simplified and realistic representation should lo¢hl
accepted. At the figures of SKF threaded parts
represented in this way for deca (Fig. 14).
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Fig. 14. Thread and threaded hcrepresentation
realistic (SKF)
Source: own study

Following this train of thought investigate the-
ferences between the ways of representation o
clutch in the figure beloy
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Fig. 15. Sectioned solid representation of cl
Source: own study

The figure is relatively welkrranged, but ain-
tion should be paid to the fatitat axis type elemen
should not be sectionedh@& next figur depicts the
sectioned view of the same clutch made by the ¢
cutting plane. It is important to notitieat he software
in not able to represent the splined shaft in atmlim
way, it alsoneeds a great amount of post correc

Fig. 16. Section view of assembled ch
Source: own study

Then examine the result of making solid sec
view using differenh colours instead of standard si-
fications / rules.

Fig. 17. Section of a clutch in solid environr
Source: own study

It is also important to mention that in soenvi-
ronmentthe software is not able to generrevolved
section, also more sections are needed to rept
each connections exactly.
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It is visiblethat in case of symmetric element (
example bearings) it is specifically disturbinghét is
not in the right position.

It is important to notice, althoughtention was
paid toit, that the cutting plane should not cross
teeth of flywheeking gear, so that the teeth could
seen in view, not in section, but the teethingtit
difficult to interpret for computer

4.3. Use of axonometric figure

With the use of solid CAD software views &
sections are just generated, which can be pre|
quite quickly.

It would be practical to prescribe to represent
solid view of the element as well on the drafgatld
help in interpreting the drawing esgally in case of
complex, intricate elements.

4.4. Suggested modifications for CAD softwar
developers

On the generated drafts from the realistic
visualization the representation should be sirmgaifas
far as possible (threads, gear teetc.)

Some software (for example Solid Edge) alre
has the opportunity to use simplified representat
but these do not always meet the standard coc
technical drawings.

The border lines of sections and brc-out sec-
tions should be defined and formatsimpler.

It is suggested to apply this rule in case of I-
iary sectioning, ribs angears, so that the gear teeth
or rib could be seen in view, independently of plei-
tion of the plane section.

5. Summary

This paper attemptetb reveal the main prob-
lems. It is suggested harmonize the code system
the two different ways of creating drawings withine
limits of common sense and using the modern fi-
cal opportunities.

It is important to remark that the regulations
recommendations of stdards can be different
many cases. Software must meet not cEuropean
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but also American and Japanese standards. It can be ULEWICZR., JELONEKD., MAZUR M. Implementation of

solved with different predefined profiles. logic flow in planning and production control. Mayga

. . ment and production engineering review. Vol. 7ués§,
It should be always kept in mind that the purpose pp. 89-94, 2016.

of drawings is communication. They establish the-co 8. Krynke M. The dynamic state monitoring of bearings
nection between people working in the planning, system. Production Engineering Archives. Vol.
manufacturing, and operation phase of the product. 6 (1). pp. 35-382015.

. : ; . 9. ULEwicz R. Ocena efektywrigi funkcjonowania Sys-
That is why it should be strained after the mostpse, temu Zapewnienia Jakoi. Production Engineering Ar-

clear and fast opportunities of representation. chives. Vol. 1(1) pp. 35-38, 2013.

CAD systems are not always and not everywhere10.SvyGut P., KLIMECKA-TATAR D., BORKOWSKI S. Theo-
available. What is more, in most cases, for exaniple retical Analysis of the Influence of Longitudinatr&ss
case of a malfunction of an element to receivéeitt- Changes on Band Dimensions During Continuous Roll-

. L L L ing Process, Archives of Metallurgy and Materials).
nical details its parameters and its installatiowie 61. Iss. 1, pp .183-188, 2016.

ronment only a monochrome pencil can be available. 11 |ngaLpi M., Dziua Sz. T. Modernity Evaluation of the
Therefore, it is important to consider whether Machines Used During Production Process of Metal

non-symbo”c representation of threadS, materiad pa Products, METAL 2015. 24th International Conference

terns is applicable in all cases, or the conveation ~ ©" Metallurgy and Materials, Brmo, Czech Republic,
' 2015.

regulations such as hatching in different diredion 15 NowaKOWSKA-GRUNT J., MAZUR M. Safety Manage-

should be followed. ment in Logistic Processes of Metallurgical Indystr
By the appearance of solid modelling systems the METAL 2015. 24th International Conference on Metal-

code system of technical drawings could be more per lurgy and Materials, Brno, Czech Republic, 2015.

missive. In some cases more solutions could beiperm

ted, but only with observing and conserving theieri

nal symbolic representation.
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