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FOREWORD
Chance favours the prepared mind.
Louis Pasteur

Dear colleagues,

It is our great pleasure to introduce you Proceedings of the 1 International Scientific
and Expert Conference TEAM 2009.

The Conference is held in Slavonski Brod, Croatia, December 10 & 11, 2009. It is
organized by the International TEAM Society and the organization activities this year are
coordinated by University of Applied Sciences of Slavonski Brod, Croatia. TEAM 2009, as the
result of fruitful international cooperation in recent years, is designed to gather around
scientists and experts in fields of Technics, Education, Agriculture and Management (TEAM)
from Croatia and neighbouring countries. More than 70 participants will present their papers
either by oral presentations or by posters. Keynote lectures of 4 distinguished scientists
from Croatia and Hungary will provide state of art insight into different scientific areas of
wide interest.

High interest in Conference will ensure quality dissemination of presented
achievements, encouragement to interdisciplinary approach in all scientific fields mentioned
as well as mobility of teachers. These Conference objectives will lead to intensive
international cooperation between higher education institutions and hopefully enhance
knowledge transfer from academia to industry.

International TEAM Society always supports young scientists and experts with the
potential to make a breakthrough in different scientific fields. Because of the best innovative
work and clear presentation of paper, an award will be presented to a PhD student as a
motivation to maintain present efforts dedicated to scientific progress.

The Organizing Committee would like to thank all authors and international reviewers
for scientific and expert contribution to Conference as well as sponsors for their strong
support in organisation of 1% International Scientific and Expert Conference TEAM 2009.

Krunoslav Mirosavljevic¢
Chairperson of the Organizing Committee
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MAG welding process -
how to achieve desired weld quality

I. Samardzi¢*, Z. Kolumbié, S. Klarié

Faculty of Mechanical Engineering, University ofijgls, Trg I. B. MaZurard 2, HR-35000 Slavonski Brod,
Croatia

*Corresponding author. E-mail addressimar@sfsb.hsklaric@sfsb.hr

Abstract

Metal Active Gas (MAG) welding process is perfornmiedhe presence of chemically active carbon diexidQ,).
In the case of MAG welding process, the qualitpbfaining welds depend on number of different iefices like base
metal type and thickness, type of filler metal esttd welding parameters and shielding gas conposis well. In
this paper, the geometry of weld bead reinforceraezd at MAG welding process is analyzed with régarheat input
(depending of weld current, voltage and weld spasdyell as filler metal, gas type and flow ratésoAthe comparison
of the basic welding costs for selected combinabibfiller metal and shielding gas is presented.

Keywords: MAG process, welding parameters, weld reinforcenaeea, welding costs

1. Introduction gas type and welding parameters will result in Istab
welding process without appearance of weld bead

Today, one of the frequently used welding processedailures and quality degradations,
in production of welded construction is arc welding  Filler metal is melted during welding process and
process in shielding gas atmosphere — Gas Metal Ardogether with melted base metal forms the weld bead
Welding. Depending of the shielding gas type it ban  Therefore, the composition of filler metal influenon
applied as MIG (Metal Inert Gas Welding) process Weldability, metallurgical processes and weld dyali
where welding is performed in inert gas atmospherel2]. The type of shielding gas has significant effen
(argon or helium) or MAG (Metal Active Gas) welding Welding process stability. Shielding gas type sédec
performed in active carbon dioxide (9Oor gas depends on former experience and practice, conditio
mixture with the significant amount of carbon digei  cited in contract (related to individual welded
Figure 1 presents the factors influencing on MAG construction), but also on welding costs [3].
welding process. To optimize the welding process The main goal of performed investigation was to
performance and to achieve the best possible wel@onfirm the hypothesis: there is the correlatiotween
quality: (a) Primary inputs, (b) Disturbing inpugsid heat input and gas flow rate with the cross seatibn
(c) Intermediate outputs have to be controlled [1]. weld reinforcement area at MAG welding process.

Due to fact that the selection of primary inputs Experimental investigation of MAG welding process
(Figure 1) has dominant influence on the MAG wejdin With two types of filler material and two types gés
process, in this paper, the influence of some pyma shielding composition are presented in the follgvin
inputs (main welding parameters) on the weld guadit ~ text.
analyzed. Correct choice of filler material, shietd
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Primary Inputs:

current

voltage

travel speed

filler and shielding

filler addition (WFS)
torch location

base composition
gas composition

Final Outputs:
Disturbing Inputs: strength
joint geometry elongation

joint location
electrical contact
contamination
thermal distorsion
composition change

toughness

fatigue resistance
corrosion resistance
microstructure

‘ residual stress

chemical homogeneity

Intermediate Outputs:

bead geometry cooling rate
penetration temperature

bead width defects

light electrode extension
sound filler transfer mode
arc length bead reinforcement

Figure 1 Welding process input and output [1]

2. Design of experiment

For this experimental investigation the two of dast
(primary inputs) are selected: gas flow rate (Ijraimd heat
input (kJ/mm). The filer metal types and marks ad as
diameter of welding wire used in experiment arenshim

Table 1. With cited filler materials, the experirtan
welding was performed using shielding gases: ()oce
dioxide (C1 according to EN 439) and (b) mixture.8f%
carbon dioxide and 82 % argon, called Krysal 18 {M2
according to EN 439).

Table 1. Filler materials and shielding gasses usedperimental welding.

Filler metal tvpe Filler metal mark diavn!/g'?er Producer Producer Shielding
yp according to standarc mm g mark gas
A G Mo Si . C1

Solid wire (EN 12070) 1,2 DMO-IG Bohler, D (EN 439)
Rutile flux cored TMoL PM1H5 . Oerlikon, M21

wire (DIN EN 12071) 1.2 Fluxofil 25 D (EN 4309)

The investigation was a part of a larger experimentsource (Fronius International GmbH, A). Tracking
[3, 4, 5]. Vehicle FTV 4 connected to Control Unit FCU — 4 —

Monitoring of welding parameters and electric arc RC for remote control (both made by Fronius
stability was performed by acquisition of welding International GmbH, A) was used for the weldingespe
current and voltage with a developed on-line setup. Weld surfacing was performed on horizontal
monitoring system. Figure 2 shows pictorial diag@m  position on 16 Mo 3 steel plates (according to EN
experimental setup. Surfacing was performed by10028-2).
automatic MAG welding process with TPS 4000 power
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b)
Figure 2 Pictorial diagram (a) and experimentalis€b)

The influence of the selected welding parameters on
the weld reinforcement area cross section is aedlgn
two examples: (a) welding with solid wire with dtiag
gas CQ and (b) welding with rutile flux cored wire with
shielding gas Krysal 18 (Table 1). For each contlina
of the filler metal and shielding gas there arg@eement
levels (Table 2). Full factorial designs in threedls 3
were used to obtain the required information. édjdther,
there were 2x27 specimens (3 replication of eactorfa
levels combination) surfaced with different hegunand
gas flow rate. On the end of the experiment the
reinforcement area cross section was determinedlfor
cases.

Additionally, to observe the influence of the stiiet)
gas absence, two weldments are made without sigeldi
gas. Welding parameters for these trials are shiown
Table 3.

The values of the welding current and voltage are
specified as the mean values of the measurememtiest
by on-line monitoring system (sampling frequency 8
kHz). The heat input€y (kJ/mm) where calculated
according to equation:

Eef = ﬂ |]/, (1)
n
where:
U - arcvoltage, V,
| — welding current, A,
n - thermal efficiency related to the type of vireid
process used, —,
v — the welding speed, mm/s.
The valuey = 0,85 was adopted from literature [2, 6].
In order to measure the weld reinforcement cross

section areafpy the macrophotographs of the etched
surfaces were taken. The measurements were done by
using an UTHSCSA ImageTool (IT) software, developed
by Department of Dental Diagnostic Science at The
University of Texas Health Science Center, Texa& US
[6]. A schematic illustration of weld bead geonwetti
characteristics is shown on Figure 3.

The results of all measurements are shown in Table
The factors (A — heat input and B — gas flow rabe)
their levels are defined.
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Table 2 Plan of experiment and welding parameters.

Experiment’'s name: PC (Filler metal: Solid wire, &ting Experiment’s name: RK (Filler metal: Rutile flux cdre
gas: CQ) wire, Shielding gas: Krysal 18)
Gas flow|Welding| Arc | Welding [Heat inpu Gas flow Welding| Arc | Welding |Heatinput
Weld ratef; | speedv, |voltagg currentl, Ee, Weld | ratef; | speedv, | voltage| currentl, Eet,
I/min mm/s | U,V A kJ/mm I/min mm/s u,Vv A kJ/mm
PC11 5 RK11 5
PC12 15 7,5 1,201 RK12 15 5 1,436
PC13 25 RK13 25
PC21 5 RK21 5
PC22 15 10 33,8 | 313,44| 0,901 RK22 15 7,5 26,89 | 314,23| 0,957
PC23 25 RK23 25
PC31 5 RK31 5
PC32 15 12,5 0,720 RK32 15 10 0,718
PC33 25 RK33 25
-2 b =
Apy | Y
I n
i A
: P
Au\l : \ 4

Figure 3 The cross-section of a weld bead, whéasegpenetration, mmm is reinforcement, mm is width of the
bead, mmAoy is reinforcement area, mMipandAoy is penetration area, mm

Table 3 Welding parameters for weldments withoiglding gas.

Weld PO RO |
Filler metal type Solid wird  Rutile flux cored wife
Shielding gas type - -

Welding current |, A 285 309

Welding voltagdJ, V 31,1 32,4

Welding speed, mm/s 7,5 7,5
Shielding gas flow raté I/min 0 0

Table 4 Measured values of weld reinforcement Arga
Experiment’'s name: PC (Filler metal: Solid wire, @ting gas: C¢)

. A, A, As
Factor A (heat input) E. = 1,201 kd/mm E. = 0,901 kJ/mm E. = 0,720 kJ/mm
y Bi1 B> B3 B: B> Ba B: B Ba
Factor B (gas flow 1at®) g j/in|t =15 Iminlf,=25 liminlf,=5 limin|f,=15 I/minf,=25 I/minf,=5 lminlf,=15 Uminf,=25 Umin
Level combination AB, A.B, A.B; A.B; A.B, AB3 AzB; AsB> AsB3

2116 | 21,34 2126| 17,93 16,79 16,36 12,87 14,83 9612

Repetition 20,71 20,94 21,28 18,04 16,79 16,36 12,73 14,83 2513
20,92 | 21,78 2151| 18,074 16,62 16,48 12,91 1499 1613

Experiment’'s name: RK (Filler metal: Rutile flux cdreire, Shielding gas: Krysal 18)

Factor A (heat input) E. = 1,2%6 ka/mm E. = o,3§7 kJ/mm E. = o,/;is kJ/mm
Factor B (gas flow ratg q=5B|7min fqzlg limin fQZZg Timin fq:SBI}min fqzlg limin fQZZE Timin fq:SBI}min fq:lg min fQZZE Timin
Level combination AB, AB, AB; AsB, AsB, AB3 A3zB; AszB, A3zB3

28,11 29,09 29,98 20,75 19,77 19,27 14,51 1457 6314
Repetition 28,06 29,07 30,35 20,68 19,86 19,03 14,65 14,37 5414
28,51 29,64 30,16 20,84 19,13 19,24 1457 1435 4414
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3. of experimental

results

Analysis

Analysis of the measured values is performed by

Analysis of Variance [7-11] and the results arenaihm
Table 5.
Table 5 Analysis of variance.

| Experiment’'s name: PC (Filler metal: Solid wire, 8tiing gas: CQ)

Variaion | reedompr | Sum of sauaress MEAT I SIUA variance ration | ocy, conidence
A 2 260,54 130,27 3905,51 3,55
B 2 2,24 1,12 33,59 3,55
AB 4 9,81 2,45 73,53 2,93
Error 18 0,60 0,03
Experiment’'s name: RK (Filler metal: Rutile flux cdreire, Shielding gas: Krysal 18) |
Source of variationl:)laggr(:"(alc:))flzf reedom Sum of squareS§ Meanlafssquare Variance ratiov, (95% cc'):nfi dence
A 2 997,61 498,80 10937,82 3,55
B 2 0,18 0,09 1,968 3,55
AB 4 9,51 2,38 52,15 2,93
Error 18 0,82 0,05

For the both cases, the analysis of variance f@snsh
the significant influence of the heat input on theld
reinforcement area. Also, the interaction of that eput
and gas flow rate has variance ratio larger thevaiue F
for 95% confidence.

Weld PO Weld PC12 Weld PC22
Weld RO Weld RK12 Weld RK22

Besides statistical analysis, the influence of the
shielding gas type and heat input on the geomktrica
properties of weld reinforcement area cross sectorbe
observed from the macro sections of the weld bead

(Figure 4).

Weld RK32

Weld PC32

Figure 4 Macro sections of beads on plate welded salid and rutile flux cored wire (plan of expeent from
Tables 2 and 3)

4. Analysis of main welding costs

selection of filler metal and shielding gas are dired

[12]. Regarding to possibility of porosity in weldad
if there is a lack or overflow of shielding gas @ra

Besides desired weld quality an important factor in Sections in the Figure 3), for welding costs catah,
experiments with gas flow of 15 I/min (PC22, RK22,

costs. The main costs of MAG welding are: energy, Table 2) are selected. The calculated welding cargts
filler material, shielding gas, operator and maehin shown on the Figures 5 and 6.
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PC22

Machine costs

4% Energy costs

2%

\ 'Filler material costs

Operator costs 33%
58%

Shielding gas costs
3%

RK22

Machine costs
3% Energy costs

1%

Shielding gas costs

16%
Filler material costs
33%

Operator costs
46%

Figure 5 Individual welding cost amounts for th@tselected expereiments

RK22

Weld No.

30 40 50 60
Welding costsT i, kn/kg deposit

70 80 90

o
=
o

W Energy costs
O Shielding gas costs

@ Filer material costs
@ Machine costs

B Operator costs

Figure 6 Individual welding costs amounts for wetdivith solid and rutile flux cored wire

It can be noticed that the largest influence on the
MAG welding costs has welding operator costs and
filler material costs. Additionally, especially the
expensive gas protection is used, shielding gas cos
has to be taken in consideration. But, on the other
hand, the welding stability is improved by using
expensive filler material and shielding gas (rufile

5. Conclusion

Problems of achieving desired weld properties
for MAG welding process can be observed from
several points of view. Two of them, weld
reinforcement geometry and weld costs are described
in this paper.

cored wire and gas mixture) [3]. Therefore it is
necessary to make a compromise between those two
demands and take also into consideration other
demands depending of the desired weld properties,
like, mechanical strength, corrosion resistance,
spatters on the base metal surface.

First, after conducted experimental welding
and preparation of the specimen, macrophotography
was done and the reinforcement area dimensions are
measured. The influence of the two effects: hgatin
(welding speed) and gas flow rate on the valugbef
bead on the plate reinforcement area are investigat
Analysis of variance where performed for two cases:
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(a) welding with solid wire with shielding gas €O
and (b) welding with flux cored wire with shielding
gas Krysal 18. The results of mentioned analysi® ha
shown that in both cases (a) and (b) there is a
significant influence of heat input and of mututieet
of heat input and gas flow rate. In the case ahfur
investigation of the mutual effect of heat inpudan
gas flow rate on the weld geometry at MAG welding
process, the plan of experiment should be redefined
Second, taking into consideration main welding
costs, increased costs due to selection of more
expensive filler material or shielding gas can be,
however, reduced by application of cost effective
automation (shorting the weld preparation timexoAl
other methods of weld cost reductions can be agplie
like for example, selection of the optimal typenald
groove.
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Modelling and rapid manufacturing of
customized medical implants

P. Raos, J. Kopag, A. Stoic

Keywords:customized implants, rapid prototyping (RP), maiciy,

1. Introduction

In the recent years several research institutions,
medical companies and commercial organizations
have integrated Computer Aided Design (CAD) and
Rapid Prototyping (RP) to produce 3D physical
medical models. These models are being used for
several applications: visualization, diagnosisgety
planning, design of implants, external prosthesis,
surgical templates, production of artificial organs
communication (between the medical team and/or
medical doctors and patients), and teaching, or
didactic aids. Another application field is the
production of medical surgical instrumentation
tooling.

The use of RP in medicine is not satisfactory high
since it is relatively young field with very wide
potentials to be reached. The main limitations for
wider application of this manufacturing procedise,
far, are: biological incompatibility of the exisgin
materials used in RP processes; relatively highscos
of model production; time and work intensive praces
to achieve an appropriate model quality (surface
finish and anatomical accuracy).

Therefore, it seems that the most practical way of
surgery is early implant machining (on milling
machine) and fixing on the certain tolerances @sin
the user friendly interface and visualization
techniques) based on the CT data (enhanced with
additionally SSD technique for 3D object obtaining)
This platform containing digital model data prowde
that implant materials produced in blocks can be
machined or even tested on the model of the origin
bone material before the surgery act starts intjgeac
This procedure doesn’'t suffer from sterilization
problem as one can expect if the implant is made
during the surgery (that means reshaping of the
implants produced in the sheet (folia) forms.

Finally, the product created in this way i.e.
modeled from one massive piece of biomaterial, will
match exactly (3D shape) patient’'s anatomical megio
to be cured (changed or replaced). For each pdtient
customized 3D models of anatomical regions to be
surgically treated and replaced after the tumocgse
has been removed, will be manufactured. This
approach exhibits a huge benefit for surgery peegti
because it ensures properly postoperative funeigpni
of patient’s anatomical/organic system, which hig th
means, becomes in fact almost the same to itsnatigi
natural model.

2. Background

The possibility of exact preoperative, non-invasive
visualization of the spatial relationships of amaio

and pathologic structures, including extremely ifeag
ones, size and extent of pathologic process, and of
precisely predicting the course of surgical procedu
allows the surgeon to achieve considerable advantag
in the preoperative examination of the patient tnd
reduce the risk of intraoperative complicationkttas

by use of virtual surgery (VS) or diagnogier viam

3D models. It could be done by using patient’s iesag
created for diagnostic purposes. Storage of the
patient's images and diagnoses in a multimedia form
in computer systems allows them to be subsequently
searched and some specific cases re-examined for
analysis and physician education, ewga Internet
(e.g. Eurorad Projec}. By use of DICOM protocol,
not only image recordings but all general datahef t
patient, that have previously been entered onto the
diagnostic device console as well as all data @n th
device setting during patient's image productiom ar
transferred from the diagnostic device to computer
systems [1].

Concerning the implants, medical models obtained by
RP are normally used indirectly, as masters, to
produce prosthesis in biocompatible conventional
materials (e.g. titanium, cobalt-chrome alloys,
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medical-grade aluminum, medical-grade silicone) etc.
mainly by casting and spray metal molding [2,3].

However, RP technology has the ability to fabricate
models with complex geometric forms, and so is very
suitable to reproduce the intricate forms of human
body. By using of RP models, visualization of
intricate and hidden details of traumas by surgson
enhanced.

The majority of the references found in literatore
this subject are concerned with the production of
medical models via Stereolitography (SL). However,
SL medical models, unfortunately, cannot be used
inside the human body, as direct implants, dud¢o t
resin toxicity, which creates concerns about thggdo
term biocompatibility of SL models. Neverthelesgs t
range of applications of those models is very |14d8}e

Some recent researches aiming to improve the use of
RP in the production of medical implants are dedct
toward producing implants of biocompatible material
directly in the RP process. Among this group of
materials, high-purity calcium phosphate ceramics
(hydroxyapatite, HA or HAp) alone, or in composites
with biodegradable polymers (poly (L-lactide),
PLLA) offer long-term biocompatibility and theretor
have a large potential to be used in medical
applications [3,4].

On the other hand, there is a group of porous
polymeric materials (e.g. Porex) which can be wsed
implants while these materials are biocompatible [5
Those materials can be produced either in thinsfilm

forms and be individually reshaped for certain
application either in block forms for wider
application. This technique allows the in-vitro

planning and implant shaping while the first one
means shaping on the human body models (produced
by RP) or directly during the surgery on real objec

3. Basics of rapid prototyping of medical models

Rapid prototyping (RP) is one of the fastest
developing manufacturing technologies in the world

today. It is different to the conventional
manufacturing procedures (i.e. milling, casting,
injection molding etc.). RP is additive type

manufacturing procedure, because parts are buii on
layer-by-layer basis [2].

The prototypes can be made of plastic, paper, wax,
ceramics and metals, and, in general, RP systems ca

be classified into three different categories based
the initial form of materials used: Liquid-basedg(e
SL); Solid-based (e.g. LOM) and Powder-based (e.qg.
SLS) [2].

A distinct advantage of creating a part layer-byela

is that the geometric complexity of the part has
significantly less impact on the manufacturing s
than in the case of conventional manufacturing
technologies. Other advantages are: no need of,tool
short time to produce the parts, very little human
intervention and set-up time, and lower manufantyri
costs.

Some of the more popular RP processes are
Stereolitography (SL), Fused Deposition Modeling
(FDM), Selective Laser Sintering (SLS), Laminated
Object Manufacturing (LOM), Three Dimensional

Printing (3DP) and Solid Ground Curing (SGC).

Depending on the system, post-processing is usually
necessary after the part is built (i.e. cleaniegyoval

of supports, sanding, painting, post-curing,
infiltration, etc.).

The manufacturing of medical models using RP
technology starts with the acquisition of three
dimensional shape data of both internal and externa
human body structures, allowing the productiondf 3
physical object, via CAD/CAM system, in a RP
apparatus. This is a so-called Reverse Engineering
(RE) process. The common systems used in medical
imaging to obtain anatomical information are:
Computer Tomography (CT), Magnetic Resonance
Imaging (MRI), Ultrasound System (US),
Mammography, Radiography (Plain X-Ray) and
Laser Digitizer. Most medical models are produced
via CT for bone structures and MRI for soft tis§ée

7].

4. An approach to customized implants
manufacturing

We have been continuously investigating technicfue o
individually (customized) shaping of appropriate
metal materials (mainly stainless steel) as well as
porous polymeric material. This approach seems to
become more comprehensive and it is going forward
in slight different, more practical way [8,9]. Such
procedure includes few phases: 1. CT-scanning, 2.
Digitalization of the data and CAD model buildirgy,

RP for creation of the environment which surgeries
will be faced in during the surgery, 4. CAM
(machining planning and simulation on computer),
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and 5. Real implant machining on CNC milling
machine using the G-code after the CAM results.

This procedure, where the implant is produced by
milling, could be cheaper than the one where the
implants are produced in RP process and even rore i
the RP model does not produce.

This procedure is revolutionized since it could be
planed and starts at the moment when the preventive
CT is performed. All the phases are based wholly on
CT data and also the procedure of implant prodactio
is automatically linked with CT report. That means
that the human errors and its leakage are redured t
minimum and the surgery results because of that
become more successful. Basic idea of the
investigations to be carried out is summarizedHsy t
scheme in Fig. 1.

MEDICAL INDICATION

A 4

DIAGNOSTICS

CT, MRI, PET, SPECT, US

v

RAPID PROTOTYPING
3D Printing Process

FITTING TESTS
OF THE IMPLANTS

A 4

IMPLANTS STERILIZATION

Xcray, chemical solution..

A 4

IMPLANTS SURGERY

Figure 1. An approach to manufacturing of
customized implants

Machining of PE-UHMW and PE-HD with
conventional manufacturing processes is possilde an
is not problematic but nevertheless it is specific
technique and suffer from some restricted demands.
Generally, there is no necessity for classic appbo

of coolants because of relatively low specific icigft
forces. Furthermore, cutting speeds can be inadease

10

in order to obtain better surface quality till thelue
when the temperature rapidly becomes higher and so
far that can damage or even destroy the implants.
Assuming that the implants have to be machined with
very low roughness and neck free some test hale to
performed in order to define acceptable overlapping
of the milling tool paths. Because of porousitytloé
material blocks (e.g. Porex), machining has to @név
that residual particles with micro size left intorpus
structure. Nevetheless, residual particles could be
reduced by posterior cleaning with air.

Geometrical complexity of geometry of implants is
oneother constraining parameter concerned with
material handling and fixing since the implants
geometry could be very thin and so far the selaatio
the base plane for fixing and applied value ofrixi
forces is of big importance. Complex geometry of
implants result with demands on construction of
machine tool which has to allow 4D or even 5D
machining. Nevertheless, application of tools with
small diameter for obtaining very small radii of
convergence on implants is possible only if themmai
spindle can rotate at very high values. Concerning
depth of cutting, there is restriction when the
production is close to final shape of implants.

Also, attention has to be paid on tool trajectoryhe
area where the radii of the curvature is smallha t
way that cutting feed has to be lowered. This
restriction is powered when the tools with small
diameter are used and when the surface feedingl spee
is high. This condition, with very high value of
acceleration and deceleration of the spindle
(frequently higher than 1 G — 9,81 A)/scould be
problematic on the geometric accuracy of the
implants. Appropriate tool geometry and cuttingdfee
and depth of cutting has to be chosen in order to
achieve good chip transportation.

The RP models obtained by 3D Printing process (
Corp ZPrint 310 Systenwill be used in planning of
implants surgery i.e. to test whether the implants
produced by machining of porous biomaterial blocks
fit appropriately in complex neighboring anatomical
structure modeled by RP technique. Secondly, wie wil
compare shape characteristics of implants obtdiyed
machining with those produced in RP process.

5. Case study

The modeling of an upper part of the human hip bone
was chosen as a case study to show the possitiility
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using technology of rapid prototyping and rapid
machining in medical implant producing.

To visualize hip bone we have used Computerized
Tomography SysterSytec 2000{GE). Based on CT
scan pictures a file containing 3D shape data, so-
called STL-file was created (Fig. 2). From created
STL-file, a physical RP model of an upper part ipf h
bone was generically produced in 3D Printing
technology onZ-Corp ZPrint 310rapid prototyping
machine (Fig. 3).

To materialize a part of hip bone we have used
cylindrical block (diameter 70 mm and 130 mm
length). Milling was performed onMori Seiki
Frontier M CNC machining centrevith three tool
(smallest diameter was 2 mm). Some details during
the milling of implant are shown in Figs. 4 andrigla

a final implant shape is displayed in Fig. 6.

Figure 3. Hip bone shape obtained in 3D printing RP
technique

Figure 2. STL model of the hip bone
Figure 4. Hip bone after rough machining

11
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Figure 5. Machining process of the hip bone

Figure 6. Final shape of the machined hip bone

While implant is machining, it is very important to
minimize scallops and burrs on machined surface of

the implants [10]. Therefore grove profiles andyéar
tool path spacing are not convenient. HoweveQof t
overlapping is increased machining time

dramatically increased. Currently, a lot of machini

is

shops employ the traditional method of constand fee
rate cutting for sculptured surface parts. This can

result in significant tolerance deviations. By vagy

12

the feed rate based on the cutter chip load pestlict
by machining models, a more constant tool deflectio
can be attained, resulting in much better tolersiice
the same machining time or similar tolerances &s le
time.

In order to minimise number of tool changes either
automatic or interactive, cutting parameters are
dynamically optimised and a single tool is seledted
each machining feature. Feature tool selection
depends on the geometry to be machined. It has been
pointed out that number of tool changes is notiafuc

as the volume of material left behind for smalteolt
Issues coverings the effects of residual mateatil |
behind by oversized cutters are also not adequately
addressed.

6. Conclusion

In accordance with solid model obtained after Ci§ it
possible to manufacture hip bone implants from lbloc
material on milling machine. Approach in bone
surgery treatment that was presented in this paper
offers great potentials in time saving and evehgual
possible postoperative treatments. This procedsire i
revolutionized since it could be planed and statts
the moment when the preventive CT is performed. All
the phases are based only on CT data and procedure
of implant production is automatically linked wi@ir
report. That means that the human errors and its
leakage are reduced to minimum and the surgery
results because of that become more successful.
Machining time has to be improved and we pointed
out a tool selection (number and paths) as very
important and critical in that manner. Also, thése
consideration regarding tool path overlapping to
achieve better surface quality. In following worle w
will try to apply our theoretical considerations
addressed on machining process. Also, our future
work will be directed toward investigation of
machining capabilities of special biocompatible
polymeric materials.
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Abstract

Injection moulding is one of the most widely usedhniques producing complex final product in oneuafacturing step. The rheological
characterization of polymers is necessary in theukition of the injection process working with CAEomputer Aided Engineering) systems.
Maintaining and improving of the quality of the gli@s product requires the detailed knowledge efdavity filling process. Polymer melts
are non-Newtonian fluids therefore their viscositiaddition to temperature, pressure and molees#ght, depend on the deformation rate.
The main object of this research was to develop mmasuring techniques for the determination ofvilseosity of the polymer melts. A
special injection mould was designed for the mesgsents. A quick-change capillary system was buiti the moving side of the mould and
three pressure sensors and a P-T combo sensobuidirento the fix side of the mould. The capillasystem is an open one, so the molten
polymer can flow out freely from the mould duringetfilling. The mould was equipped an electricahperature control system, so the
maximum mould temperature is around 250°C. LDPE niateas measured. Material temperature, mould &atpre and injection speed
were changed. The injection and the cavity presa@re measured, and the viscosity curves were ledécl It was found that there was not
any significantly different after the Bagley and Raiwitsch corrections in the measured flow curvesygared to the ones measured by
traditional capillary rheometer.

Keywords: design, polymer, rheology, mould.

1. Introduction MFI rar;ge mould measuring region
lgn by,

Due to the improved properties of polymer  [Pas/[~= 1=
materials, engineers use more and more polymers in
their designs. Nowadays not just simple articles ar
made from plastic, but special high quality complex
parts too. It is necessary to know the mechanical,
rheological and thermal properties of polymers for
design. In the last years, the numerical simulabiotihe
injection moulding process has acquired a great
relevance for supporting important decisions int,par
mold and process design. The reliability of filling
simulations results depends mainly on the following
four factors [1]: input data, process parameters, 102 10*  10° lo s
software applications and numerical models. In _ _ _ §
particular, among the process parameters, the Fig. 1. Viscosity curves
rheological characteristics of polymers have thigdat
influence on the simulation of the filling phas@s4]. In industrial practice, the most widely used
Flow of polymers is a complex process. The visgosit measuring technique of flow of plastics is the nflely
of plastics, apart from temperature and pressureindex (MFI). It should be emphasised that this very
depends on the molecular mass, molecular mas§imp|e method gives no detailed information on the
distribution and the deformation rate. These thingsrheological behaviour of the polymer melt, namélg t
make the plastic processing rather difficult. lagiice, ~ flow curve of the material can not be characterisgd
the flow and the viscosity curves are used toit- Expensive rheometers can be used for deterginin

characterise the flowing behaviours of polymers the flow curves in laboratory environment. The ineit
(Figure 1.). techniques of rheometers are different from the

plasticizing of an injection moulding machine. lasv

Newtonian
flowing

Non-
newtonian
flowing curve

Injection; 'ould__ing-

Extrusion
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investigated by P. F Bariani and M. Salvador [5]. A

special spiral injection mould was made by |. Ctaaje Table 1. Parameters of the injection moulding.
C. Javierre and L. Ponz [6]. Rheological propertés
origin and recycled polyethylene were determined by [injection pressure 1500 bar
the mould in their article. They managed to define Iscrew rotation speed | 150 mny/s
flow curve in wide shear rate range but they did no [Back pressure 20 bar
have measurements to determine the effect of the Packing pressure 0 bar
mould temperature and the flow cross section. Switch over point | cm3
Our goal is to develop a measuring system that can (Cooling time 205

work in industrial environment. A special injection

mould was designed with changeable slit die inserts 2.3. Measuring system

Flow properties of polyethylene were determined by

two different methods. Standard HAAKE rheometer =~ Some researcher groups work on the developing
and the capillary injection mould were used for the rheological measuring systems [5,6,8,9,11]. Ourlthou
measurements. Preliminary experiments were carrieds basically different from the conventional inject
out applying different injection parameters to mgas Moulds. A quick-change slit die system was buitoin

the flow behaviour of the material. the moving side of the mould and three pressure
sensors (Kistler 6157BD) and a P-T combo sensor
2. Experimental (Kistler 6190A) were built into the fix side of iThe
sensors can be used up to 300 °C and 2000 bar. The
2.1. Material capillary system is an open one, so the moltenrpety

can flow out freely from the mould during the filj

TIPOLEN FA 2210 (Tisza Chemical Group Public (Figure 3.). The mould was equipped with an eleatri
Limited Company) low density polyethylene was used temperature control system, so 0the maximum mould

blowing technology. The melt flow rate of the makr applied inserts were 2 mm, the width were 16 mm.

is: MFI(190 °C,2.16 kg)=0.28 g/10 min. Three different die lengths were used for the
measurements because of the Bagley correction. The
2.2 Technology, injection mould useful measuring lengths of the slit die were 80, n

mm and 40 mm.

ARBURG Allrounder 270 C 350-70 injection
moulding machine was used in the experiments (Eigur
2.).

)|

e »

.

Fig. 3. Fix side of the mould and the raw material

Fig. 2. Arburg injection moulding machine

A virtual instrument was developed by LabView
software environment for data processing. It can
control the database and calculate the rheological
properties from the measured pressure in Windows XP
environment. The applied sampling rate was 1000 Hz

The injection rates were changed from 5 to 9¢/sm
and the material temperatures were 180 °C, 200%C an
220 °C.

The other parameters are summarized in Table 1.
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during the filling. This relative high sampling eats
necessary for studying the melt fracture effect.

In Figure 4, the four measured pressure curves and
the pressure differences are plotted as a funatifon
time. It can be seen that the cavity filing hasotw

different phases. The material flows into the gaut

the first stage. The pressures

are

increasing

continuously until the melt front reaches the dutie
the die. After this time a more or less constapspure

IS measured. These constant pressures were uieel in

calculations.
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Fig. 4. Typical pressure curves

2.4. Calculations

The following formulas were used to calculate the

viscosity of the polymers [7].

To define the shear rate, one has to know the 0

+ 1sensor
= 2 sensor
3sensor
4 sensor
s dpl
+dp2

geometry of the cavity and the flow rate (Eq.1)even
b (Eq.2.) is the slope ofogy, versuslogr,. It is
necessary to know the pressure dré], the height of

the die (h) and the flow length (L) for the caldida of
the shear stress (Eq.3). The flow curve is giverhay

power law (Eq.4).

(1)

(@)

®3)
(4)

deformation rate

volume rate

h:  height of the slit die
width of the slit die

. pressure drop

where, Jy:

Ty . shear stress at the wall

L: flow length

n: power law index

k: constant parameter called “consistency)

3. Results and discussion

Before the corrections (Bagley, Rabinowitsch) the
calculated flow curves were basically differentnfrdhe
results of a standard method. The measurements were
repeated with the same parameters but differenfLdie
ratio were changed). The inlet pressure drop can be
determined by using the extrapolations shown inifgidp.

The pressure in the case of L/h=0 is the inletsomres
drop.

= 350
£

2 300
<

250

200

150

100

50

0

10 20

Fig. 5. Bagley Correction

Figure 6. shows the results of the new and thelaten
method. The triangles indicate the flow curve witho
corrections, the circles shows the flow curvesiagplata
after the corrections. The squares show the resilts
measured by standard rheometer (HAAKE). It is clear
from Fig. 6. that the apparent viscosity of theypudr
melt (slope of the flow curve) decreases with iasieg
shear rate. The other important result that the ttarve
measured by injection mould is the same, within the
measuring error, as the curve measured by the HAAKE
viscometer. It should be emphasised that the dmreis
essential otherwise the in- and outlet effects give
misleading results.

The instrumented mould is suitable to determine the
flow and viscosity curves of polymer materials.
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Fig. 6. Flow curves of the PE TIPOLEN FA2210

The calculated rheological parameters of PE are

shown in Table 2. The value of the k decreaseslewhi
the n increases by the temperature. Both methodssho
the same tendency, but the value has some diffesenc

Table 2. The rheological parameters of the material

Material constants (Fa2210)
HAAKE New metho
T [°C] k n k n
180 °C 29652 | 0.2502| 47202 0.201B
200 °C 27178 | 0,252
220 °C 18547 | 0.29 29018 0.2284

The apparent viscosityn{,) can be plotted as a
function of 1/T (Figure 7.). Lines can be fit toeth

points at constant deformation rate. The apparen

activation energy (f£can be determined from the slope
of the lines (Eq.5).

E, = 2,300R0tg (5)

Where, E appearance activation energy

R: universal gas constant

toga: slope of the lines
'@000000 E
S F y = 0,047
£ 100000 | R?=05785
8 E <& y=0.0816¢'105
£ 10000 [ R?=0.8853

X o
E ﬂ//dyjo?mw““
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y=0 2391102
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I
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Fig. 7. Apparent viscosity-T

Figure 8. shows the apparent activation energy of
flow as function of deformation rate. The resultais
straight line which shows the flow mechanism doais n
change in this rate region. The values of the atitim
energy of flow show good correlations with literatu
[10].

70000
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30000 +
20000 +
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0+ ‘
1 10

Apparent activation
energy[J/mol]

1000 10000
Deformation rate [1/s]
Fig. 8. Apparent activation energy vs. deformation

rate

100

4. Conclusions

It was found that the developed measuring system is
suitable for determining the rheological propertafs
polymers. The calculated flow curves correspond e
results of the standard curves. The apparent Hotiva
energies were determined as a function of defoomati
rate. It was found that the measured data correlalieto

{he data of the literature.
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Abstract

Agricultural higher education (AHE) in Croatia hasdergone major changes due to the reform of stiatiesrding to

Bologna Declaration. Until 2005/06 academic yeaed¢hlevels of study were introduced — bachelor, enatd PhD

study level. Structure of study programs changes fits roots and students and professor startdd veitv concept of
teaching process. Today, four years after, we eafuate what are advantages and disadvantage® ofetiv study

process, where we made mistakes and what we stonklin the future to improve teaching processr&hee several
issues connected with the existing problems —dbk bf experience for new way of teaching, higmeolvement of

professor in teaching and work with students, higltedent’s involvement in teaching process, lachdequate space
for teaching, unprepared labour market for newais, lack of mobility, undeveloped quality assaeasystem etc.
Also, it is necessary for agricultural educatiomlévelop new programs and modules for lifelongrigay education.

Keywords: agriculture higher education, bologna declaratibree levels study process

1. Introduction important as educational role since best studdajsat
the Faculties and continues their research andhitepc

Main role of higher education is to create new Work. During study period students should develop
knowledge and to transfer it to the students amgeo  Critical way of thinking and desire to explore ¢xig
In other words faculties should educate new expertknowledge with the aim of creating new. Therefore
who can contribute to development of science, jmact Study programs and learning process should be retude
and community in a whole. centred.

Agricultural higher education (AHE) in Croatia isry Another important issue for the AHE is organisation
important for development of agricultural produstiand of lifelong learning education. It is essentialnteet the
competitiveness of our agriculture on a largeresddlith ~ needs of society and economy in which knowledge
our access to European Union on the horizon thewés ~ becomes rapidly out of date. Therefore constaititig:
more highlighted. AHE have crucial role in prep@mat ~ and relearning is needed.
of new agricultural experts who will be able tofifuall With the signing of Bologna Declaration in 2001
future needs and who will help to create strong andCroatia has oblige to change higher education syste
modern agricultural production able to cope withtié ~ according to the principles of the Declaration. d3pla
challenges in the future. Those new agriculturglegts ~ declaration stress several aims:

should be educated in a flexible way so that caater * easy comparison of the diplomas

own educational profile and specialize in area they « development of two cycle system (bachelor/master)

interested for. For achieving that goal it is venportant « introduction of credit system (ECTS)

to enable students to have elective courses and eve « encourage mobility in higher education

more important is to enable them to gain some 8peci « development of quality assurance systems with

knowledge at the institution known to be experts in comparable criteria and methodology

certain field. « encourage of European dimension in higher
Another very important role of AHE is scientificdn education — interuniversity’s collaboration

research work in the field of life sciences. Withist Application of Bologna principles and Bologna

work AHE also contributes to the development of the process should improve academic quality and should
agricultural production in Croatia, but it also giiiute  prepare students for European labour market. Stsiden
to agricultural science generally. This role is asshould be preparing not just for the limited labour
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market in there region of living or in their couyntbut
they should gain whole spectre of skills that witlable
them to adapt to the changes on economical andlsoci
plan. According to European University Association
during development of

new curricula it should have in mind that the aim o
education is not to satisfy short term demandaladdir

market but to insure permanent and continuing
employment.

Croatian Low of Scientific Work and Higher
Education (NN123/2003) defined major directives for
organisation of studies in higher education ingtins:
undergraduate (bachelor), graduate (master) and
postgraduate (doctoral) study. Also, low introduced
implementation of major Bologna tools: ECTS
(European Credit Transfer System) and diploma
supplement. According to the Low new studies were
introduced from academic year 2005/2006.

2. Development of new study
programs

Until introducing of Bologha process at Faculty
of Agriculture in Osijek university studies lasty hine
semesters and students have same subject duritgy win
and summer semester. Sometimes same subjectdasts f
three semesters. After finishing their study stisieyet
diploma - graduated engineer of agriculture. Afteat
they can continue education for Master of Scieeg t
lasts for six semesters and after that they catinrc@nin
developing of doctor’s thesis. Also, Faculty wated
professional studies that last for two years. FEOH82
Faculty started with the reform of studies accaydio
Bologna Declaration and in accordance with theystud
organisation in the leading agricultural univeesitiin
Europe. Faculty closely collaborated with Faculfy o
Agriculture from Zagreb and have a big help throtigh
TEMPUS project 17108 “Reform of Agricultural Stuslie
in Croatia”. Undergone changes transformed
organization and conducting of studies from theots.
Characteristics of new organization are:

conducted during whole semester while on
master level modules are conducted in block
system for 3 weeks
e on bachelor and master level each academic
year have 10 modules, modules have 75
lecturing hours and 6 ECTS
* on a bachelor level first year is the same for all
students and they have ten compulsory modules;
on second year they are listening 10 compulsory
modules of the major they choose; on third year
they have 5 compulsory modules, 4 elective
modules and module of the final work; they can
choose elective modules from the list offered by
the Faculty or from other universities
e0on a master level first year consists of 10
compulsory modules specialized for each major;
on second year in winter semester students have
five elective modules which they choose from
the Faculty list or from other universities in
Croatia or abroad
with election of modules student create own
educational profile depending on his affinities
and working plans in the future; election of
modules from other universities ensure students
in gaining highly specialised knowledge from
different areas of agricultural production
implementation of ECTS system which
includes: (a) ECTS points - measurement of
student load including lecturing hours, learning
hours, research work for seminars etc.; (b)
information package; (c) diploma supplement;
(d) learning agreement
Doctoral study (PhD) also have ECTS points
and compulsory and elective modules
professional studies also have modular structure
but they are more oriented to the practical work
and they are preparing students for direct,
practical work in agriculture

During development process for new curricula
leading idea was that undergraduate study shouddtgi
the student’s basic knowledge that will enable them

start with work after finishing their study or tarel in
» 3+2+43 structure — three years of bachelor studiesgraduate study. Graduate study should give students
two years of master studies and three years okpecific knowledge of the subject they are study.

doctoral studies

According to these idea modules on undergraduate

* modular structure of the studies — modules studies has basic knowledge of the subject witdeep
replace subjects; modules consists of severabhnd specific explanations. On graduate studies hasdu
units (in our case no more than 5) and in themare specialized for certain field and they giveticdents
several professors and assistants participate irspecial knowledge.

lecturing; all modules lasts for one semester, on

It should be stressed that the structure of theiestu

bachelor level lectures on one module areare same as the structure of studies at the Facbity
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Agriculture in Zagreb and as the structure of tiueliss  started work on a new study programs that are dped|

in European universities. That will enable studeiots in a two years period and in collaboration with the
choose elective modules from other universities and Faculties of Agriculture from Maribor, Slovenia and
broaden their knowledge. Also that enables studentSarajevo, Bosnia and Herzegovina. Studies undergone
after finishing undergraduate study to continueirthe reviewing process and get the approval from the

studies on other universities. Ministry of Science, Education and Sport and fréma t
University J.J. Strossmayer from Osijek. Study
3. New study programs programs offered at the university level are shown
(Table 1).

New study programs have been reviewed by Faculty also offers undergraduate professionalesud
domestic and international reviewers and with thethat also undergone changes according to Bologna
approval of Ministry of Science, Education and $por Declaration and have same modular structure as
they started in academic year 2005/2006. Accortling ~ University studies. These professional studies fast
Bologna Declaration and following documents reforms three years and are more oriented to practical worle
of study programs are process that last severalarh  third of overall modules are practical one (Tab)e 2
that are not ending with the start of first acadeysar.

At Faculty of Agriculture discussion about new
programs continued after their implementation. Hrs t
discussion local community was also involved aradrth
representatives stress the need for specialiteirfield

of vegetable and fruit growing. From that suggestio

Table 1. University study programs at the Facultjgriculture in Osijek in academic year 2009/2010

Undergraduate study Graduate study

1. Agroeconomics 1. Agroeconomics

2. Plant production 2. Plant production

3. Animal husbandry Majors: Plant production

4. Mechanization Plant nutrition antl stence

5. Horticulture Plant breeding and spestiuction

Plant protection

3. Organic agriculture
4. Mechanization
5. Zootechnique
Majors: Animal nutrition
Hunting and beekeeping
Special zootechnique

6. Vegetable and flower production
7. Fruit growing, viticulture and vine production
Majors: Fruit growing

Viticulture and vine production

Table 2. Undergraduate professional study progrise Faculty of Agriculture in Osijek in academé@ar
2009/2010

Undergraduate professional studies
1. Agricultural entrepreneurship

2. Plant production

3. Animal husbandry

4. Agricultural machinery
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4. Experiences after four

academic years

By the end of academic year 2007/08 first
“Bologna” generation of students finished theirdstu
In 2008/09 firs graduate year started. Regardless t
fact those studies were prepared for three yeare so
problems occurred during first years of their
realization. But, because of the scope of the mefor
that could be expected. In a first and second year
problems were connected with professors and with
students. Professors especially emphasises pratflem
bigger involvement in teaching process and in
consequence lack of time for research work. Alsey t
are used to the system oriented to professor ndést-
centred system. Even though Faculty published guide
for the first year students with all necessary
information’s about new way of study students were
unprepared. They were surprised with the new way of
studying which require constant learning and plartia
examination and they often complain that it is lke
secondary school. But after four years and manyshou
spend in discussion and adjustments and with \fetr
of undergraduate students underway we can say that
first problems are in most cases solved. Also from
today’s point of view several points can be strésse
challenges for the future of successful Bologna
process:

1. Encouraging mobility - even though studies are
organized in a way that students during last semest
undergraduate studies can choose modules from other
universities that was not a case. They even did not
choose modules from other faculties within the
University. Several reasons exists for that — latk
advisory role from academic staff, possible proldem
with accepting points after returning, for mobility
abroad lack of scholarships and low level of Esigli
knowledge. In our opinion Faculty and University
should create positive atmosphere for mobility oy
should be more active in explaining to the studerg
mobility is good for them and what advantages they
will have. They should ensure conditions needed for
ECTS recognitions. Also students should be educated
about ways of finding scholarships through European
funds.

2. Dialogue with employers — very important
problem is unprepared labour market for new stuglyin
system. Lack of employers awareness of reforms is a
key issue in this respect. Very often employersnate
sure what bachelor diploma is and what they can
expect from university bachelor graduate. Therefore
open and constant dialogue with representatives of
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labour market is needed for successful employment o
future graduates.

3. Continuation of studies after first cycle —tba
basis of experience from 2008/09 academic year and
beginning of graduate studies almost all studeratstw
to continue education on graduate level. This is in
connection with point number 2. Students, parents a
labour market are not sure what to do with bachelor
degree and usual their opinion is that bachelor is
condition for entering graduate studies and thdy on
“real” degree is after the graduate study. Thisnis
contradiction with the idea that bachelors shotidts
working and then choose graduate study that is
interesting for them and that is needed for therkw
Also, connected with mobility students should finis
undergraduate level at one university and graduate
level in another, but that is not the case. Ouniopiis
that it will take time for shift in mentality and
acceptance of new system. Faculty and University
should actively present and explain new educational
system and the role of bachelors through dialogtle w
students, employers and representatives of labour
market, parents and government representatives.

4. Flexibility — is the key words for several issue
From the experience of enrolment of students in the
first year of graduate studies rules for accepsinglent
should be more flexible and should allow studeats t
study certain major even they did not finished
undergraduate studies in the same field. During
learning process programs should be flexible aeg th
should change — elective modules without intemesh f
students should be replaced with more interested.
Students should elect modules from other univessiti
and flexibility in choosing should be encouraged et

5. Involvement of students in decisions process —
students should be involved in process of quality
control and improvement of teaching and learning.
Their experience is very voluble for improvement
process.

6. Lifelong learning — due to the development of
knowledge and situation in which knowledge becomes
rapidly out of date constant training and retrainis
needed. Therefore it is very important to develop
lifelong learning system in a forms of continuing
professional development and training courses,sesur
for staff development etc.

7. Programs in English — for further development,
encouraging of mobility, and what is especially
important raising the number of student’s studias o
English language are required.



TECHNICS

Comparison of relay

TEAM 2009

and PLC control in

pneumatics

T. Baskari¢ **, T. Ergi¢?, 3. Jurkié¢®, Z. Ivandié?, M. Kljajin ?, M. Kokanovi¢?
& Faculty of Mechanical Engineering, University dfif@k, Trg |. B. MaZurari 2, HR-35000 Slavonski Brod,
Croatia

*Technical School Zupnja, Veliki

kraj 42, HR-32270pAnja, Croatia

*Corresponding author. E-mail address: Tomislaviddas@gmail.com

Abstract

In accordance with the needs of modern industrypioeumatic machine for stacking bottles in the beye

bottling plant was designed control. Work has destrated t

he process of designing outdated relagralcand control

with programmable logic controller. The advantages disadvantages of one and the other controgiaesn. For
control purposes are made pneumatic and relay sleérfhe machine and their functions are simulatesoftware

package Festo Pneumatics Fluids. Using softwart F&3T

4:10 programmed programmable logic contr¢fe.C).

Designed control functionality was confirmed onatitic equipment. To display the mode of the machingutodesk
Inventor software has made an animated 3D modileofnachine.

Keywords: pneumatics, electro-pneumatics, automation, tsostiacking.

1. Introduction

Designed control is intended for a machine that

Fig. 1. Pneumatic machine for stacking bottlesD— 3
model

2. Mode of the machine

stacking the bottles in carriers. The machine is of
modular type and can be used in new or existing For the purposes of design management made

beverage bottler in which this part of the procesd
automated. In carriers that the machine is interwed
stand twelve bottles, arranged in three or foursto

Two different control are designed to perform the
same function of machine. Control is designed étayr
and PLC technique.

In Figure 1, shown is a 3D model of the machine
with marked pneumatic cylinders (A-E) and sensors
(S0-S7).

position-step diagram showing the positions of the
cylinder and the status of sensors and unambigyousl|
defines the mode of the machine.

tar po

A

S0 50 50

]
B

St
Se/

A+ B- €+ D-E+ D+ C- D- E-
D+

st

Fig. 2. Pneumatic machine for stacking bottles —
position-step diagram

2.1. Pneumatic scheme of the machine

Figure 3 shows a pneumatic scheme of the machine
for stacking bottles. For the machine required the
following executive elements:

-12 grippers,
-2 double-acting cylinders,
-1 double-acting cylinder and
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-1 linear drive. -2 pneumatic valves 4/2 monostabile i
-2 pneumatic valves 3/2 monostabile.

Of pneumatic control elements is necessary:
-1 pneumatic valve 4/3 monostabile,

S7 S6

515253 [E%:

Fig. 3. Pneumatic scheme of the machine for stgdiattles

3. Relay control From the relay scheme is seen to control the
machine using the relay technique was necessary:

For the purposes of relay control made the relay

scheme of the machine (Figure 4). Simulation of the - 23relay,

relay that would operate machine is made using - 6 time delay relay,
software package Festo Pneumatics Fluids V4.2sSo i - 3 counter with relay output,
verified correct relay schemes on which basis wdeld - 1l optical sensor and

later programmed PLC. - 7 reed sensors.

02

P ka2 10

Fig. 4. Relay scheme of the machine
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4. PLC control

Since the seventies of the last century tryingrid f
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Because of its low cost and its advantages PLC is
often used in less demanding control circuits.

an alternative replacement for the complex relay To control the machine for stacking bottles was
control systems. The new control system had to vemo chosen PLC FESTO FC-34. Figure 5 shows the PLC

the biggest mistakes of relay control. As a reghik,
new control system asked the following requirements
simple programming,

(without changing the wiring),

smaller, cheaper and more reliable component
of the relay control system,

easy and inexpensive maintenance.

Development of production technology of electronic
elements, especially in reducing their size, ang the
degree of integration, and continuous decline &irth
prices, has led to broad application of electr@oictrol
elements of the PLC's Pfogrammable Logic
Controller). Except for relay control systems they
replaced and classical pneumatic control systeins [2

program changes without system intervention

wiring diagram.

From the scheme can be seen that the machine
control with PLC-om required:

- 1 optical sensor and
7 reed sensors.

S
4.1. Programming PLC

Program for the PLC that controls machine for
stacking bottles is programmed in the software d-est
FST 4.10. PLC. It is programmed in ladder diagram
which is based on the previous relay scheme designe
to control machine.

+ @
3 § 3 3 b
E\,_\‘ S0 . S1[ ¢ . S21, 83‘ 0 ‘ 5_84 i | ',_55 l) ‘ ) 56‘ i ‘ ‘ S7| 4
S L [ 2 [ [ == T | ==
START g V—| ; . — . =
< s
[ [Eeipfkk F FHH
o T i i i j
v o ik £8 A , FESTQ
SENSOR FC-34
SUPPLY
'} = = B B B E B By E B N B
our IO BB E i BECK ¢
sowea | [
I ‘;:;Mﬁ« + B WO OPEPE 9 o @ aov | ] Ir <‘
) I [t
fj,:» "Jll —?“,; r-j’u‘% /_; %ué—‘-ljr’ﬂ f— # N
66 el S EHSNTHAEE i
G &3 16 AE) \m,@ﬁﬁ _ﬁ@lﬁ e
| | |
R . 4 l‘ i l B I ;
[ _‘l: s ~T< &7 J _,«r |,_] ¥ \/‘_-- +
Y1 t Y2t Tva vt Y5 T Y6 |

Fig. 5. PLC wiring diagram
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Ladder diagram is one of the basic method of pragreng a PLC. The basic idea of ladder programmiiri.@
using commands, symbols, and logic taken from retayrol, with the aim to facilitate adaptationesfgineers and
technicians to new environment.

Figure 6 shows part of a program through which Bb@trolled machine.

AR - O

e

1 —
I 0
Fig. 6. PLC Program
5. Review of the machine on didactic didactic equipment connected to demonstrate the
equipment functions of the machine for stacking bottles.

On didactics equipment is connected electric and
pneumatic part of the machine to display its pphei
of functional work. In Figure 7 is a presentatioh o
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Fig. 7. Review of themahi on aiaactib e(fuipment
6. Cost analysis

Table 1 shows the list of elements necessary for
relay or PLC control and given are their approxenat
prices. In the table above are only elements that a
different depending on type of control. This isyonl
the comparison of elements necessary for cost
analysis, the other elements, common to both clntro
are irrelevant to this calculation.

Table 1. Cost analysis.

PRICE PRICE
ELEMENT PCS (relay (PLC
control) control)
Relay 24 VDC 23| S0 i
Time delay relay 24 6 2400,00 i
VDC kn
Counter with relay 4 1800,00 i
output kn
PLC Festo FC-34 1 - 4000,00 Kn
TotaL | 792299 | 400,00 kn
DIFFERENCE 3650,00 kn

From analysis is obvious that PLC control is lot
economic and more acceptable with great cost
savings.

7. Conclusions

The paper presents procedure and example of
design modern electro-pneumatic system. For design
example is chosen electro-pneumatic machine for
stacking a bottles on which has demonstrated the
whole process of design.
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Designed control functionality was confirmed on
didactic equipment.

From cost analysis of control elements (Table 1)
can be concluded that is much better to chose PLC
control.

In addition to the PLC significantly cheaper than
the appropriate components necessary for relay
control, PLC control has the following advantages:

- easier designing of PLC control,

- it is possible to simulate the operation on

computer,

components for PLC control are smaller and
simpler,

no mechanical failures in the PLC like in the

relays,

- it is possible to make software changes without
changing the wiring,

easier and cheaper to maintain.

Use of PLC is often justified even when the price
is slightly higher than the price of relay control.

In such cases when we are not sure of justification
of PLC application first is necessary to set theeda
for determining justification for application of EL
Some of these criteria are [4]:

- cost effectiveness

- the complexity of control in design and
development phase,

- need to alert on the distance,

- the need for supervision and control from the
remote center,

- need to connect with other plants,

- ease of maintenance,

- expected need to expand in the future...
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Abstract

Spare part demand could significantly vary oveneet Even though there are periods without dem@uoadnmonly used
lot sizing policies like Economic-Order-QuantityottFor-Lot and Period Order Quantity do not takesth effects into
account. This research compares these policies dyitlamic models, within which lot sizes are basadhonimizing
total inventory cost. Appropriate example is used@¢dampare results within static and dynamic inventoodels applied
to spare parts. Results show that the dynamic iovgmiodels give the lower total inventory cost.

Keywords: lot sizing, spare parts, dynamic models, static eod

Inventory models
1. Introduction r?/

Modern industry applications require the availapili | Static models | Dynamic models
and reliability of machines, which ensures, amotingio - - -
things, the availability of spare parts and comptsat Coonomic Order Quartty] 1 Wagner-witin _ |
the time of their needs. As the intensity of weér o Period Order Quartity | _{ Least Period Cost |
individual parts of the machine is very differemtda
often unpredictable, it is necessary to stock aaer Lot for Lot | -| Least Unit Cost |
amount of spare parts. However, ordetingnd
inventory holding costs are affecting performance. It is Part-Period Balancing |
therefore necessary to find the optimal order iz _
will minimize total costs, while at the same tinmesere Figure 1. Inventory models
availability of spare parts at the time of theieds.

To find the optimal ordering plan, there are diéfetr 2. Static Lot-Sizing Models

mathematical models, but the question is whicthefrt . .
give the best result in the issue of procuremerspafe 2.1 Economic Order Quantity (EOQ)
parts (HM. Wagner, 2004R. Kleber, K. Inderfurth,

2009). The best known and the simplest model is the EOQ
In general, for solving this problem we can use Model, which was developed in 1915 by FW Harris.
static and dynamic programming inventonpdels. EOQ is based on the following assumptibns

+ Known and constant demand in time
« Known and constant lead tithever time
* Instantaneous receipt of spares

* No quantity discounts

* Constant ordering and holding costs over time

' This is the sum of the fixed costs that are incurred each time a ¢ No stock-outs are allowed.
number of spare parts is ordered. These costs are not associated with the
quantity ordered but primarily with the physical activities required to
process the order. These activities are: specifying the order, selecting a
supplier, issuing the order to the supplier, receiving the ordered goods,
handling, checking, storing and payment. It is also called setup cost.

3
These assumptions do not hold all in the case of spare parts.

4 . . . -
? Holding costs express the costs (direct or indirect) to keeping parts on The lead time is the time needed to get the spare part as indicated by
stock in a warehouse (warehouse space, refrigeration, insurance, etc. the supplier. It starts from the moment the supplier is informed until he
usually not related to the unit cost). delivers the part on site.
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It is necessary to know the following values foe th
optimization:

TEAM 2009

e Model objective is to determine the quantity of
ordering % that minimize the inventory cost

D - Annual demand in units of the spare part duringT periods.
C. - Fixed cost per order In addition, it is supposed that the following deta
h - Holding cost per unit per year known:
P, - Demand by periods
Optimal lot size is determined by the equation: Cni - The ordering cost (usually
Cp=const.=G)
2DC h, - Inventory holding cost per unit (for unit that
Q* =1/ o . 1) remain at the end of a perityd
T - Analyzed number of periods (usually it is 12

2.2 Period Order Quantity (POQ)

The procedure of POQ model is following:
e Calculate EOQ using average demand

e Calculate time supply and round it to the nearestz

integer
* In each replenishment, order to cover that many
periods’ demand
Order interval is constant, but ordered quantities
could be different.

2.3 Lot-For-Lot Model (LFL)

Spare parts are ordered precisely when needed. Each
period is ordering a lot to satisfy onthat period’s
demand. Lot-for-Lot is among the most popular with
practitioners since it is simple and produces test
remnant work-in-process inventory. However, setup
costs can be excessive if too many small lot giesslt.

3. Dynamic Lot-Sizing Models

Dynamic lot-sizing models are used within the
demand which vary during a period of time.
Furthermore, all of the models described in thigptar
take assumptions:

e Demand during period is P, and can be

anticipated.

* Planning orders is done for a specific timetable

(planning horizons}=1, 2... T

* No shortage is allowed.

* No limitations in warehouse nor in ordered

quantity.

e The time necessary for the order realization is.

ignored (equals zero) or it is constant
 Warehouse expenses depend upon the level of
supplies at the beginning of a period.

* The cost of orderin@,, and holding costis;
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months= T=12, i.e.one year)

Mathematical definition of the problem:

TG - Cost of an optimal ordering plan for the fitst

periods

t- The cost of satisfying demands in perioaso t

by ordering in periodn for the periods up to.
Ymt - The cost of satisfying demands for periods
1 tot:
¢ By having in mind the optimal ordering
planin periods 1 tm-1
» Ordering in period mrg<t) for periodsm
tot

Yot :TC:H'Fth
TC =min(Y,,) (@<m<t)

(2)
®3)

Boundary conditions:

e Ordering is performed only when the inventory
level is zero,

e Ordered quantity exactly corresponds to the
demands in observed time periods,

- State of supplies x ordered quantity = zero
The following means that is never optimal to
order if there are any quantity on stock,

e Ifitis optimal to order in the perioehto satisfy
the demand for perioda tot, it is also optimal
to order in the perioth for the periods (m, m+1,

e D).

Horizon theorem:
If it is in solvingt periods optimal to order in the

period m to meet the demand in the perigcthen in
resolvingw periods(w>t) it is optimal to deliver order
in the periodm or later:

If z'=1 for thet period tharg, =1 for w periods
(w>t) and the ordering plan for the periad
remains unchanged (frozen)

e If z=0 for t periods thenz'=0 or 1 for w
periods (v>t)
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wherez is a binary variable (= 1 if the order is 3.3 Least Unit Cost Model (LUC)

issued in period, otherwise = 0)
3.1 Wagner-Within Model (W-W)

The goal of this model

Whenever the demand is positive model find the

order size that will cover the next "n" periods,emd

nean

is set to minimize the average ordering andiimgl

is to determine the cost per unit. The procedure for finding the optima

replenishment plan so that the ordering and holdingordering plan in the periagl, 2,..., Tis as follows:

cost for certain period is minimal. Thus, the Wagne
Whitin model for %,; and Y., takes the total inventory
cost.

The optimal ordering plan procedure is as follows:

a) Try to set inventory status demand to zero at the
beginning and end of the peridd i.e.l1,=0 and
|T+1:0

b) Start with the first period i.¢=1.

All demand must be satisfiee® z= (1,-,-
CalculateTC, =Y, ,=Z, =C,

c) Setupt=t+1.If t >T End of procedure.

d) Calculate Y, =TC,, +Z,, for all m which
correspond to unfrozezy,

e) Calculate TC; = min(Y,,),
determinez =(zy ,...,2)

f) If z'=1, frozenz for the period%,’,...,7)

g) Return to the item c)

m<t, and try to

a) Let the current period besl. Fort=1,2,...,T
calculate the average ordering and holding cost
per quantity unit, if all items are ordered in the
periodt:

uc, :ti{cﬁjp,(ihﬂ ©
Z Pr =2 u=2

Where:
UC, - Average ordering and holding cost of
inventory per quantity unit.
P. - The demand in period

b) Select the period in which is UC<UC,,.
Which we denote as period

c) Orcjer the required quantity for the peribdip
tot.

d) Repeat the procedure for the peritet +1,
t+2,t+3, ..., T

Efficient computer implementation of the algorithm 3.4 Part-Period Balancing Model (PPB)

was presented in 1985 by James R. Evans.

3.2 Least Period Cost Model (LPC)

The basic idea of this model is to equalize the

holding cost in the period to t with the cost of

ordering during the periotl (U. Wemmerlov, 1983.)

Whenever the demand is positive model find the
order size that will cover the next "n" periods,endn
"n" is set to minimize the average cost per umiteti
(E. Silver, H. Meal, 1973.)

The optimal ordering plan procedure is as follows:

a) Let the current period bel. Fort=1, 2,..., T

calculate average ordering and holding cost, if

all items are ordered in the period
t T
e, =4, S )
=2 u=2
(4)

whereAG, is the average setup and holding cost per
time unit (monthly) andP, is the demand in period

b) Select the period in whicht is AG < AC;.
That period should be noted as the petiod

c) Order in period 1 for the peridd

d) Subtractt’ from the T and repeat the process
from the beginning
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The optimal ordering plan procedure is as follows:

a) Let the current period be=1. Then calculate
holding cost fort=1, 2,..., Tif ordering for
periodsltot is done in periott

PPG =Y P{i h} ®)

b) Select a value fot that isPPG closest to the
value of the setup co€},. Denote this periotl.

) Order the required amount for the period 1 to

) Repeat the procedure for the peritet +1,
t+2,t+3, ...,T

o O

4. Ordering plan calculation

4.1 The input data

Spare parts demand often tends to be "lumpy,” that

is, discontinuous and no uniform, with periods efa
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demand. According this assumption appropriate test

data are used in evaluation of certain inventorgets

Table 1. The spare part demand

Period| 1|2 (3|4 |5|6|7|8]|9 |10/11]12[Total w0y
Demand22|62|0|35|124 68|25| 0 12070|44|30| 600 2:2
150 17
In this test ordering (setup) cost per order i98& 100 l l
and holding cost per unit and period is 0,2 €. 50 1 8. = = =
S ettt
4.2 The test results 12 3 4 5 5 7 8 5 10 u ow

The figures 2. to 9. show the calculation resufts o
the ordering plan for particular model. Calculatign Holdingcost | Orderingcost [m Order quantity

Period cost

done according to given procedures. Totals 53 180 500

233
All values in the figures are given in Euros (€).

Figure 4. Period order quantity lot sizes

300 7

e 300 7
w7 250 3
200 3~ 200 17
150 1 l l 150
100 77 . 100 l l '
50 j A r— ' ' r g ' 50 -— . - -

""""‘" O,ﬁ"ﬂ'-""q'
T

T T T T
1 2 3 4 5 6 7 8 9 10 11 12

1 2 3 4 5 6 7 8 9 10 11 12

Holding cost Orderingcost | Order quantity Period cost

Holding cost Orderingcost W Crder quantity Period cost

Totals 0 300 600 300 Totals 62,2 150 600 2122
Figure 2. Lot-for-lot lot sizes Figure 5. Least unit cost lot sizes
300 300
250 17 250
200 3

150 {7 150 ¥ -
100 37 7 100 47~
50 - -— - - - = -

50
O"qf-"quq"-r' 0
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 a4 s 6 7 8 9 10 11 12
Holding cost Orderingcost  |m Order quantity Period cost Holding cost Ordering cost | Order quantity Period cost
Totals 922 150 610 242,2 Totals 88,6 120 600 208,6
Figure 3. Economic Order Quantity lot sizes Figure 6. Part-period balancing lot sizes
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Figure 7. Least period cost lot sizes

250

150

50
0

300 77

200 3

100 17

-

,"44"'4”
‘

”‘I’I‘IIII/

"4’/'
T

1

2 3

4 5 6 7 g 9 10 1 12

Holding cost

Orderingcost  |m Order quantity Period cost

Totals

106,6

20 600 196,6

Figure 8. Wagner-Within lot sizes
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Figure 9. Comparison of the total cost
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5. Conclusion

Spare parts demand tends to be "lumpy," that is,
discontinuous and no uniform, with periods of zero
demand.

In general, dynamic models give better result than
static models for approximately 20%. The results of
dynamic methods depend on the value and mutual
respect of input data, and especially about the
relationship between the ordering and holding cost.
However, as it is evidently from the example and
additional analysis, the best result in determiniing
optimal lot size of spare parts gives Wagner-Whitin
method.
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Abstract

The main objective of this paper and performed aege is to determine the most favorable constroatio
geometry type of joint between cylinder and hemésfal head of pressure vessel from the standpdifulfilling the
condition of membrane stress state. By using knovembrane shell theory, requirement for achieving brame
stress state in cylindrical pressure vessel withiggherical heads was evaluated. Furthermore, tst favorable type
of three possible constructional geometry of jdiatween cylinder and head of pressure vessel Img ui software
ANSYS 12.6ased on finite element method, was ascertaithiSqurpose, axisymmetrical finite elem@&itANE-183
from theANSY Sinite element library was used.

Keywords: cylindrical pressure vessel, hemispherical head,embrane stress theory, finite element analysis.

1. Introduction the cylindrical part of pressure vessel lis= 6000
mm. Pressure vessel is loaded by the internal wgrki
In this paper, the main intention is to realize the pressure ofp = 1,8 MPa. Dimensions of such

membrane stress state in thin-walled shell, inconsidered pressure vessel, with given loading are
considered case in cylindrical pressure vessel witrshown in Figure 1.

hemispherical heads. Reason for that is fact thellss &
in which the membrane stress state is appliedy GHti

strength and stiffness to the weight of the stelihie

most favorable [1], so the basic condition is thlag¢ll

structures should be constructed on the they that
membrane stress state is predominate in the most of
structure. At ductile materials, which are the most

metal materials, when the maximum strain in thdl she N
reaches the boundary flow, does not come up to thei

overflow, but to redistribution of stress. It shodlso

be noted that the consolidation of the shell muest b

such that allows the membrane displacements [1].

0 2000

Fig. 1. Geometry and loading of considered

2. Geometry of considered pressure - F _ _ _
cylindrical pressure vessel with hemispherical lsead

vessel

In this paper, cylindrical pressure vessel with 3- Membrane shell theory
hemispherical heads will be used for both, anaytic )
calculation and numerical analysis with finite etarn According to membrane shell theory, shells can be
method. Inner diameter of pressure vessélis 2000 ~ analyzed as thin-walled and thick-walled. Stress
mm, thickness of plate = 25 mm, while the length of distribution per plate thickness is per hyperbaiiate
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for thick-walled shells, and for thin-walled shells
hyperbole can be approximated with linear statén-Th
walled shells are restricted with ratio of plateckihess
(s) and inner R) or outer R,) radius of shell, as shown
in following equations [1]:

(1)

Shells with larger value of ratio from equation$ (1
are thick-walled shells. In considered case, édsy to
conclude that it is thin-walled shell, so it is senable
to use the membrane shell theory.

For calculatingvVon Misesequivalent stress, hoop
and longitudinal stresses are needed, which habe to
calculated from the hoop and longitudinal forces.

a) Membrane stresses in pressure vessel cylinder

The basic equations for internal forces and steesse

could be found in References [2, 3]. Hoop force:
= (

- wherep is inner pressure arig, is average radius
of curvature, which is calculated as (3):

s (
= +—
R=R+7 3)
Longitudinal force:

- PR, (
2 4)
Forces in hoop and longitudinal direction are
calculated, now it is possible to calculate thesstes in

the same directions:

Hoop stress:

N, (

"o 5)

Longitudinal stress:

S 6)

TEAM 2009

After hoop and longitudinal stresses are calculated
it is possible to calculate maximum equivalent sstre
according tdtHMH theory(Von Mise¥

Oeq = \/Oﬁ + le -0, Dj-| 7)(

b) Membrane stresses in hemispherical head of
pressure vessel

In case of pressure vessel head, hoop and
longitudinal force are the same, according to (8):

= PRy (
2 8)
Analogous with that, hoop and longitudinal stresses

in same directions are the same too, according)to (
s =Ny _ N, (
DT 9)
Thus, stresses in the hoop and longitudinal diecti
are the same, maximum equivalent stress of
hemispherical head is also same as the value gf hoo

stress, and respectively to longitudinal stress too

N, =N,

= = (
Tea =0 =0 10)

c) Radial displacement of pressure vessel cylinder
and head

Radial displacement of pressure vessel cylinder:

___ PR (1
AR, ey =—————M2-v
Rcyllnder 2 [E B;Cy”nder [ﬂ ) 1)
Radial displacement of pressure vessel head:
2
- (R, 1
ARheald - p— [ﬂl_ U) (
2 EE |js‘nead 2)

From the above relation for the radial displacement
of cylindrical and hemispherical part of pressure
vessels, it is obvious that they are not equal. i@,
in reality the ends of the cylindrical shell and
hemispherical head are connected by welding, salrad
displacement of cylinder and head are necessarily
equal. These displacements are consisting of the
membrane displacement and displacement that is
arising due to local bending. Nevertheless, itasgible
to design a pressure vessel so the membrane
displacements of cylindrical shell and hemisphérica
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head are equal, by increasing the thickness of the Thus, from obtained results it is obvious that for
cylindrical shell [4]. achieve membrane stress state in considered peessur
vessel it is necessary to increase the thickness of
cylinder plate from 25 mm to 60,72 mm, so for 35,72
mm. The numerical analysis will be performed foe th
thickness of the cylindrical shell as 60 mm, beeaus
d) Condition for achievement the membrane stress that is the closest value to the standard thickméss
state in pressure vessel sheet metal. However, the standard deviation allaws
certain tolerance in the plus and minus, so in the
For acquiring a membrane stress state in cylinbricaproduction of pressure vessel, with thickness afephs
pressure vessel with hemispherical heads, plate60 mm, it is possible that sheet thickness is #igh
thickness of cylinder must be greater than platethicker or thinner from 60 mm.
thickness of head. Adversely, on pressure vesgd jo
of cylinder and head, apart from membrane stresses4. Joint geometry of cylinder and hemispherical

bending stress will appear too, so plate thicknafss head
cylinder must be greater than plate thickness afdhe
according to equation (13): As mentioned earlier, to achieve membrane stress

state in the pressure vessel, plate thickness of

_2-v ( cylindrical shell must be greater than the plate
Seytinder ‘EE‘Bhead 13) thickness of head. According to [5] and [6] constian
of a transitional joint of hemispherical head aheé t
3.1 Analytic calculation cylinder can be derived in three ways, that the

thickening of cylinder is inward of pressure vessel

For cylindrical pressure vessel considered in thisOUtward of pressure vessel, and bilaterally, outveard

paper, with geometry and load presented on Figure 1|n_ward, accord_lng to Figure 2. l_:or hemlsph(_erlcaime
and according to the relations for the membrandl she Without the cylindrical edge, as in case on Figiyre),
theory of thin-walled shells presented in Chapteof 3 the _tranS|t!on thickness from the cylindrical sheil
this paper, analytical calculation is performecbigal ~ hemispherical head must not exceed an angle df 15
shows the results for radial displacements of aylzal ~ [3]- In the case on Figure 2, b), condition is thain of
shell and hemispherical head, a condition for achge  the anglesn + a; does not exceed a value of°1[5].
the membrane stress state and maximum equivalerAngle a is the angle of 1Spresented on Figure 2, b),
stress, but only in case of the cylindrical shedicause  and anglen; is in this case equal to zero, so condition is
from membrane shell theory it is obvious that the satisfied. Anglen; is angle from the center of curvature
maximum equivalent stress occurs exactly in of hemispherical head to the reduced cylindricat pa
cylinder of the pressure vessel. head, according to Figure 2, b). In case on Figui®,
Subsequent numerical analysis will show that theratio length of lines at the transition from cyliiwhl
membrane stress state is not always possible tevagch  shell to hemispherical head must not exceed the
because pure membrane stress state does not exiallowed ratio ofl] 1:4 [6], so in considered case, ratio
there are always appears a greater or lesser exftent of mentioned lines is set up as 20:80, Figure .2, c)
bending. - -

2
%

Table 1. Analytical results

&
A

(@]

Maximum equivalent stress , _ g313Mpa %E'\\ Q 8
of cylinder shell 9 s& T

Radial displacement df AR, =02988 i:@ 20
pressure vessel cylinder mm %

Radial displacement df _ N L
pressure vessel head BAReag = 0123Mm Qs -

Condition for achievemerjt = 6072mm / 0193185 | / 0196t
the membrane stress state e

a) b) C)
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Fig. 2. Different construction geometry types of  applied. In all cases, the finite element mesh is
joint between cylinder shell and hemispherical head generated automatically with length of element ealige
7 mm, except on joint of cylinder and head, where
mesh is set up with more density. In the case of
pressure vessel with equal thickness of cylinded an
head, mesh consists of approximately 3300 elements
5. Numerical analysis by finite and 11000 nodes, while the other three cases wieen t
element method cylinder plate thickness is larger, mesh considts o
approximately 6000 elements and 19000 nodes.
In the numerical analysis of pressure vessel
considered in this paper, softwafNSYS 12.0vas a) Numerical results for pressure vessel with fixed

used. Pressure vessel without changing the thiskoks plate thickness
cylindrical shell, and three types of pressure eeagth _ o _
the geometry of transition joint of cylindrical shand Equivalent stress distribution according to the

hemispherical head was analyzed, according to €igur theory of HMH (Von Mise$, for pressure vessel with
2. The analysis is performed with axisymmetricalté ~ constant plate thickness, is shown on Figure 4. As
elementPLANE 183from the ANSYSfinite element mentioned earlier, it is obvious that the maximum
library, Figure 3. equivalent stress occurs in cylindrical shell ofgsure
vessel and it is almost completely coincides wiib t
analytical solution obtained using the membrandl she

p ®
® \ e theory of thin-walled shells, given in Table 1.
(o i ® ﬂ On Figure 4, it can be notice that in transitiomgo
L_x . | , of cylindrical shell and hemispherical head of ptee
{or radial) W
C} J

Tr Opion vessel, bending is appearing too. The purpose and
Fig. 3. Axisymmetrical finite element PLANE 183 objective of achieving membrane stress state in
[7] pressure vessel is bending that occurs in joinigedo
PLANE 183s defined by 8 nodes or 6 nodes having @ minimum, because it cannot be completely avoided.
two degrees of freedom at each node: translatiotizel
nodalx andy directions. The element may be used as a | o sowrron

STEP=1

plane stress element, plane strain element or as an | ==

TIME=1

AN

NOV 24 2009
15:56:07

axisymmetric element. This element has plasticity, - A
hyperelasticity, creep, stress stiffening, largiedtion, o s 433

and large strain capabilities. It is a higher orgdD, 8-
node or 6-node elemenBLANE 183has quadratic
displacement behavior and is well suited to modelin
irregular shape [7].

Material is set as isotropic, linear elastic with
Young's modulus of elasticitg = 210 000 MPa, and
Poisson's ratiw = 0,3.

Due to the complete symmetry of model, the
geometry and loading, the problem is considered as
axisymmetrical and axisymmetrical finite elements
have been used. Therefore, numerical analysis thmu
more simplified and time to obtain solution is much
shorter, because only the plane of axial symmetry o
pressure vessels must bee discretizated.

In all mentioned cases for which numerical analysis
are performed, the load is placed on the inneaserbf
pressure vesselp(= 1,8 MPa), on the vertex of
hemispherical head, axial symmetry of model was
placed, and on the section of cylindrical shell,
constraint of axial displacement of pressure vessak

30.777 38.479 46.18 53.882 61.584
34.628 42.329 50.031 57..133 65.435

Fig. 4. Equivalent stres¥6n Mise} distribution for
case of constant plate thickness of pressure vessel
[MPa]

Numerical results for radial displacement
distribution are shown on Figure 5. Also, numerical
results of radial displacement almost completely
coincide with the analytical solutions using the
membrane shell theory of thin-walled shells. Agsit
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presumed and obtained analytical, the maximum value

of radial displacement is in the cylindrical shelhd
going to the vertex of hemispherical head, radial
displacement is approaching value zero, and juiten
head vertex, value of radial displacement is z&rat

is because radial displacements cannot occur on th
axis of symmetry of pressure vessel.

3
\ 110217

)

AN

NOV 25 2009
13:57:57

NODAL SOLUTION

STEP=1
SUB =1
TIME=1
ux

RSYS=0
DMX =.308541
SMX =.304783

(ave)

ulh...-.-...h‘.‘*,;‘%

— @
0

g i
.135459 .203188
.101594 -169324

.067729
.033865

.270918

.237053 -304783

Fig. 5. Radial displacements distribution as altesu
of inner pressure ¢f = 1,8 MPaAR [mm]

Hereafter, numerical results for different cases of
transitional joint of cylindrical shell and hemispical
head of pressure vessel, and for fulfillment of
membrane stress state condition are presented

Geometry of the pressure vessels are presented and

modeled according to Figure 2.
b) Numerical results of pressure vessel for
fulfillment of membrane stress state condition

Figure 6 shows the numerical results for equivalent
stress distribution for pressure vessel with geomet
according to Figure 2, a), on Figure 7 for the getryn
of pressure vessels according to Figure 2, b), and
Figure 8 for the geometry of pressure vessels doupr
to Figure 2, c).

TEAM 2009

AN

NOV 24 2009
16:06:40

NODAL SOLUTION

STEP=1

SUB =1

TIME=1

SEQV (AVG)
DMX =.159347
SMN =13.153
SMX =76.941

e

1

13.153
2 76.941

Fig. 6. Equivalent stres¥6¢n Mise} distribution for
case of outward thickening of pressure vessel dglin
Oeq [MPAQ]

AN

NOV 24 2009
1613221

NODAL SOLUTION

STEP=1

SUB =1

TIME=1

SEQV (ave)
DMX =.160386
SMN =24.038
SMX =64.636

24.038 33.059 5
28.549 64.636

Fig. 7. Equivalent stres¥6¢n Mise} distribution for
case of inward thickening of pressure vessel cglind
Oeq [MP4Q]

From presented numerical results of equivalent
stress distribution for different construction of a
transitional joint of hemispherical head and cyiindf
pressure vessel, it is apparent that in all theses, the
bending stress occurs, with a greater or lesser
amount. Of course, intensity of the above mentioned
bending stress is significantly lower than in tlase of
pressure vessel of the same thickness of cylinddr a
head plate.

The minimum intensity of the bending stress occurs
in the case of the geometry of the transition joint
according to the Figure 2, ¢), and numerical resialt
equivalent stresses distribution for the specifigab of
transition joint is shown on Figure 8. This is cade
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thickening of the cylindrical shell bilaterally, tward
and inward.

AN

NODAL SOLUTION

STEP=1

SUB =1

TIME=1

SEQV (aVG)
DMX =.149596
SMN =21.363
SMX =55.096

21.363 28.859 36.355 43.851 51.348

NOV 24 2009
16:22:44

25.311 32.607 40.103 47.599 55.096

Fig. 8. Equivalent stres¥¢n Mise} distribution for

case of bilaterally thickening of pressure vessel
cylinder, outward and inwardg, [MPa]

Assumption is confirmed, that exactly in that case
because,

will  appear minimal bending stress

TEAM 2009

geometry of transition joint geometry are shownhwit
the same colors.

X

0 20 40 60 80
10 30 50 70

Fig. 10. Parallel view of equivalent stress
distribution for three cases of structural solutadn
transition joint geometryg,, [MPa]

It can be seen that in the aspect of equivaleasstr

misalignment of middle axes of symmetry of pressureall three construction solutions are acceptableabse
vessel head and cylinder is equal to zero, Figyre 9the equivalent stresses in the hemispherical heddna
c). While in the cases on Figure 9, a) and Db)the cylindrical shell are in the same range. Inecak
misalignment is much bigger, so that caused thathemispherical head, stress range is within 30 to 40

intensity of the bending stresses is higher.

a) b) c)

Fig. 9. Misalignment of middle axes of symmetry of

pressure vessel head and cylinder for cases diti@m
joint according to Figure 2

6. Results comparison for different
joint types of cylinder and head

MPa, and in case of the cylindricaledh within 20
to 30 MPa.

7. Conclusions

In this paper, the main objective was to determine
which of three possible structural solutions of a
transitional joint of hemispherical head and thincher
shell is the best.

With analytical approach using the membrane shell
theory of thin-walled shells and for geometry aodds
for pressure vessel considered in this paper, Iradia
displacements, the maximum equivalent stress amd th
condition to fulfilment of membrane stress state a
calculated. The obtained results are verified ytdi
element method using the softwaleNSYS 12.0
Correctness of membrane shell theory was confirmed,
because the deviation of numerical results from the
analytical results is in the permitted 5%.

With further numerical analysis of three types

Comparison of numerical results for all three types 9€0metry of the transition joint area, the besutoh is
of transition joint in terms of maximum equivalent aScertain, solution which on the greatest extessibte
stress is shown on Figure 10.Scale of results ofiulfillment the condition to achieve membrane sires
equivalent stress distribution is divided into iments ~ Staté of pressure vessel. The best solution pravéx:
of 10 MPa and the stress fields in all three cagebe  the solution shown in Figure 2, c), when the thitkg
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of cylinder is bilaterally, outward and inward, attdis, depend on the quality of welding, and the qualitihe
misalignment of middle axes of symmetry of pressurewelded root.
vessel head and cylinder is equal to zero, Figyre 9

c). While in the two other cases on Figure 9, a) bn References
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Abstract

In this paper, fuzzy logic is analysed as enhanoéta®l for control scheduling optimization in coimation with
swarm intelligence. Fuzzy timing is one of possiddution for systems with need of dynamic schedyét short and
middle term time horizon. For proposed multi-ohijeetoptimization problem pseudo-goal fuzzy functisnchosen
because of its simplicity and flexibility. Pseudoad fuzzy function has shown some advantages cadpar other
multi-goal approaches. Novel non-parameter optitimeaalgorithm method called TRIBES is presented assible
solution in combination with fuzzy logic for optisdtion of the presented scheduling problem.

Keywords: Fuzzy logic, Swarm intelligence, Scheduling, TRIBES

1. Introduction originally designed and can not be used in altered
applications. Also, they propose that all the tiafiehe

Problems of scheduling and control are known parameters are accurately and punctually knowas,ishi
problems and have been in attention of manyespecially true for time parameters. Time parameter
researchers for last decades. Authors offer diftere and its uncertainty nature are for the first time
problems formulations from unequal points of view. considered by P. Fortemps [13] and later by otttls
First, planning approach as top-down approach ismeasurable success. In recent works authors uged fu
focusing on scheduling from upper view where processing time for single machine scheduling fi&h
production order is launched with no feedback eofiaic ~ single machine scheduling [3], for batch production
status in lower levels of control: mechanical exeeu  [2,4], and parallel machine scheduling [5].
system, supervisory control and data acquisitiod an  Scheduling can be defined as process of
low level. Second, control approach as bottom-updetermination of most appropriate time to perform
approach is usually not sensitive to upper levelevery operation and task for started assignmemts e.
requests, only in indirect way if such interconimtt launched production/work orders or process control
exists. Approaches used for solving schedulingtasks/jobs. Because of stated integrated approsch i
optimization problems range from different type of anticipated with focus on scheduling and contrekle
exact mathematical models to usage of pure andvith multi-objective optimization and usage of fyzz
combination of artificial intelligence methods. logic for specific sub-functions (fuzzy processing
Solutions found in recent literature are mainlydzhen  times, pseudo-goal function determination and gain
rapid growth of informatics technologies and method scheduling optimization). Our prime goal will be to
like neural networks [1] and fuzzy logic [2-6], and evaluate this approach for no-wait scheduling pobl
variations of heuristic algorithms like tabu seafch for jobs which consists of more operations with
artificial immune systems [8], genetic algorithn® [ predetermined order on devices/machines and
11], simulated annealing [12], and recently aslabest ~ continuous production with low level control.
metaheuristic method: swarm intelligence (ant cplon Additionally, each of devices or machines can dsi ju
optimization [13] and particle swarm optimizatiat¥d] one job at a time. Therefore, given problem is in
particularly). Most of these approaches are based oscheduling given jobs while minimizing time diffexee
specific knowledge of problematic for which theyrase  between start and finish of a sequence of jobs/task
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total flow time over all jobs/tasks. Another objeetis As case example, because of its simplicity, no-wait
Kipping production costs at lowest possible levithin scheduling problem will be used adopted from [16].

acceptable operational levels. All this stated msake This type of scheduling problem can be described as
optimization problem presented multi-objective with follows: with given processing timegs (j, k) for given

different objectives conflicting with each other. job (task)j and device (machind, each of definedh
jobs (wherg = 1, 2, ...,n) will be sequenced through

2. Scheduling problem devices (wherk = 1, 2, ...,m). Each of jobs (task)
can have a series oh operations @, Op, ..., Om).

The design platform that has been adopted in thisRestriction of no-wait is defined in way that coetjpdn
research is illustrated in Figure 1. At the highelewe  time of operatiorp, must be equal to the earliest time
have planning as governor and it is concerned lvith  to start of the operationy., for k=1, 2, ...,m-1. That
term functions with large uncertainty degree andmeans that there can be no waiting time between the
changes present on this level (new and changegbrocessing of any given consecutive operation ohea
customers orders; and changes in: final or partialand every oh jobs on any of devices/machines.
quality goal, substitute products, total demand on Let job permutationz= (73, 7z, ..., 75) stand for
production). In intermediate level — scheduling is schedule of jobs in process and deti{yr,, 7) is
performed with middle term of uncertainty degreel an minimal delay on the first device (machine) betwee
changes (new job/task; changes in:  work two following jobs. Then, according to [16] maximum
orders/job/task  priority, quantity or process completion time can be expressed as, with intradoct
requirements). And finally, at low level with shest  of fuzzy processing timp for replacing standard
term of uncertainty degr_ee, control system is cotete processing time:
to real physical production/process system. If cafse n m
automated flow and batch production systems gain  C..(7) = Zd(nj_l,xj)+z p(7z,,k)
scheduling is used for individual process contrelle j=2 k=1
gain setup where gains are changed in predefiredim
dependently on global/local variable changes or Similarly, total flow time ofn defined jobs can be
disturbances. Changes present on this level can beaxpressed as:

adopted from [13]: materials varying arrival ancbiy n _ n.m
parameters, operation delays, varying processingsi TF(m) = Z(n +1+..+ ) (77, 1) + ZZ p(j,k)
devices or machine not ready or in waiting to beexh j=2 j=1 k=1

utility supply failure, control system failures,

breakdowns or other internal or external process Finally, solution for total flow time goal is torfd
disturbances. Every lower level has feedbacksuch permutation7in set of all possible permutations
connection to higher level. where total flow time is less or equal to maxinatht
flow time. In next step, we will define fuzzy preseng
time p and pseudo-goal function powered by means of
fuzzy logic.

2.1. Fuzzy pseudo-goal function

As stated in introduction, we are faced with multi-
objective optimization problem where objectives
usually conflict each other. Generally, a common
difficulty with multi-objective optimization is tHait is
impossible to find a feasible solution allowing
simultaneous optimal solutions for all objectiv&g]|

One strait forward way of minimizing the objectives
conflicting is an aggregation of more objectivewia
single objective. Methods used to combine multi-
Fig. 1. General three level planning, scheduling an objective functions into one overall objective ftion

control schema mainly include the objective weighting, distance
functions, min-max formulation, Pareto-front [123,1
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14]. Downfall for most of these methods is thatteac algorithm. This stochastic element is introduced fo
objective preserves conflict and sometimes maked fi  purpose of allowing the particle to individuallyaseh
solution even less straightforward. space of solutions and drag the whole swarm tatibire

For solving of this downfall fuzzy logic can be dse  with potentially better solution in randomise manne
Every output fuzzy decision is calculated as In case of PSO particles are “flown” through
intersection of given fuzzy objectives and fuzzy hyperspace in search of best solution (e.g. optimaéar-
constrains where we can have more objectives andaptimal solution) for target objective function. dBa
more constraint functions defined. More preciselg, defined particle has adaptable velocity and merobiis
multiple inputs single output (MISO) fuzzy model. previous position. Thus, particle remembers its best
Every input variable must be fuzzified and desdibg position visited in hyperspace so far. In termsP&O
means of membership functions. We scale everythere argbest(particles best) as particles best position so
variable in interval [0, 1] of real numbers. far andgbest(global best) as best position or fitness in

Fuzzy if than rules are defined in way that one population of all particles. Let search space dfiglas be
combination of input variables has one output \deia n-demensional and-th particle of the swarm can be
solution. Final fuzzy output variable is deffuzdi@and defined ass = (X1, X, Xa, ..., Xia) and let velocity for-th
normalized in range of output variable values iis th particle of swarm is given ag = (Vi, Viz, Via, ..., Vig).
case fitness or goal functions range of values. Also, let best previously visited particular pasitiofi-th

For membership functions triangular shaped fuzzyparticle be defined as anothedimensional vectoP; =
numbers are anticipated because of their simplicity (ps, P2, Pz, ..., Pa) and letg-th particle be the best
definition and implementations. Each of two objeeti  particle. Then swarm in search of best solution fcan
functions has five fuzzy numbers defined for updated iteratively in following way updating itsgition
membership function while constraint functions have x and velocityv:

two and three fuzzy numbers defined. x4t =xh +vit
Target single objective model is finally defined by ¢
maximizing the minimum degree of satisfaction among L N ol n N ol N
defined objectives in given range of defined caistr Vig " = X(“Nid +Cyihy (pid ~ Xig )+Czr2 (pgd ~ Xig ))
3. Swarm Intelligence where,

x — constriction factor of velocity update,
Swarm intelligence is metaheuristics method for  w- inertia weight for previous velocity,
optimization inspired from social interaction and c;— cognitive acceleration parameter,

communication of swarm of animals — bird flockshfi c— social acceleration parameter,
schools, cattle herds, predators’ packs, bees amhd a ry, r,—random numbers distributed in the range [0,1].
colonies. At first introduced just as graphic reprgation Setup of parameters of PSO algorithm is

of bird flock by C.V. Reynolds [14], latter elevdt@s  sometimes difficult and time consuming, for specifi

powerful new optimization method by R. Eberhart dnd problems there are some guidelines and good mogdelli

Kennedy [15]. policies and can be found together with details of
In this section first standard particle swarm different topologies usage in search the hyperspéce

optimization algorithm will be presented, and ldiasics  solutions in Ref. [11, 15, 16].

of TRIBES - new adaptive particle swarm optimizatio

algorithm with its specifics. 3.2. TRIBES

3.1. Particle Swarm Optimization TRIBES are adaptive particle optimization algorithm
with two way auto-tuning capability: first is tojpoly

In canonical form of particle swarm optimization adoption according to current swarm behaviour and
(PSO) algorithm each particular solution is oneiglar second is adoption of strategy of particles dispiaents
Every particle has its position and velocity arsdfilness  based on particles current performance. This paexme
value can be calculated. Swarm of particles isndlyi free modification of PSO was introduced by M. Cldi,
through multi dimensional space of solutions with 15]. There are only few examples of TRIBES usage in
individual acceleration based on its own historical this time, benchmarking testing [15], applicatioor f
information, information from other particles in @am  optimization of cutting parameters for nonlineattiog
(e.g. current best solution) and stochastic elengdnt model [16], in bio-informatics for molecular docgin
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simulations for protein and drugs structures exion (Shifted Rotated High Conditioned Elliptic Function
[17] and chaotic systems control by means of[24]) and Figure 3. shows graph for F7 multimodal
proportional-integral-derivative parameters optatian problem (Griewank Function [24]) of results for
[18]. TRIBES algorithm (adopted from [20]).

In TRIBES algorithm new concepts nantelles and
informersare introduced. Each particle of swarm belongs N emraunes brash e P prebien
to a single tribelnformer for a given particleP is a
particle Q that can giveP some information, like best
position found byQ so far and goal function value at that
position. Concept of informer is same as concept of
neighbour — someone who can influence state otturr
particle [15, 16, 17]. Set of informers of a pae; itsi-
group, holds, but is not limited to its own tril¥daption
rules, similar to genetic algorithm, decide whemeav

E
w

Log¢Hedian Err

particle is created or removed and when it becomes o ]
informer of another particle. Population of padglis st \
separated in sub-populations callgdhes where every \ ‘ ,

tribe makes its own order and structure (topology). ! T e _
Successful tribes can benefit from by removing sae Fig. 2. Convergence of TRIBES algorithm for F3
their weakest members (particles with worst scare) standardized problem (with 1000 runs adopted from
less successful tribes can benefit from adding some [20])

members (to increase the chance of better score).
Pseudo-code for TRIBES algorithm is summarized in 5
following steps [17, 19-23]:

1. Initialization: set iteration to 1. Initialize
population ofi = 1, 2, ...,M with random values
and initialize entire solution vector population in oF
defined upper and lower limits of search space. [

2. Evaluation: evaluate fithess value (objective
function to be minimized) of each patrticle.

3. Move swarm: determine promising search areas
with usage of hyper-spheres and position update. o

4. Adoption schema: a particle that improves its o e
performance is god, otherwise is bad. Ll i —

5. Stopping criterion: set iteration to +1. Stop if
maximum number of iterations or maximum T o

Fes (x108)

Conuergente Graph for F7 proklen

number of evaluation of objective function is Fig. 2. Convergence of TRIBES algorithm for F7
~ reached. _ standardized problem (with 1000 runs adopted from
This is simplified pseudo-code for TRIBES algorithm [20])

more details can be found in listed Ref. [17, 1P-23

5. Conclusions
4. Results
Flexibility of fuzzy logic has been demonstratedvio
TRIBES as adaptive optimization algorithm in applications: for fuzzy time definition and pseugtual
difference to other evolutionary methods includit]y  objective function evaluation. Sensitivity on qtalbf
origin PSO does not need any parameters excepfiefined fuzzy set rules in rules database musakent
definition of problem needed to be solved. For psg into further consideration. Next problem with ttamhial
of this demonstration TRIBES algorithm was fuzzy engine if than rules schema require definitif
implemented using C programming language onmany rules to cover the whole spectrum of possible
Pentium IV PC platform with 512 MB of RAM. solutions. The more input and an output variabléh wi
Maximum number of generations is set to 2000. Figur more complex membership functions means more rules
2. shows convergence graph for F3 unimodal problemand more calculation which is time and resources
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consuming. For case of no-wait flow productionibem exploration and exploration, Soft Computing 13
maximum completion and total flow time are taketoin (2009), pp.157-168

consideration. Fuzzy processing time is introduesd [11] Q. Niu; B. Jaio; X. Gu, Particle swarm
mean of dealing with uncertainties. More work neelle optimization combined with generic operators for
done in implementation of proposed algorithm esigci job shop scheduling problem with fuzzy processing
in fuzzy processing time area with extension tchbig time, Applied Mathematics and Computation 205

levels as well at lowest level of control. TRIBES (2008), pp.148-158
algorithm has interesting characteristics and daptive  [12] S.G. Li; Y.L. Rong, The reliable design of
nature is main advantage compared to standard PSO one-piece flow production system using fuzzy ant

algorithm. colony optimization, Computers & Operations
Research 36 (2009), pp.1656 -1663
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Abstract

The paper analyzes the strategic settings in thelogment of entrepreneurship based on knowledgk an
technology transfer, training in new technologies séhe impact of development on the assurance siaisiable
regional development and improve competitivenese@Economy of the region.

In the first part of paper, the basic settingsegfional development and regional policy as a regiapproach to
developing the entire national economy, were aealys

The second part defines a "business-model innavaifosupport center Nova Gradiska”, which was airagéd
solving key development problems of the County, anpossible solution to start the technologicalettgyment of
Brod-Posavina County.

The paper sets out the activities and trainingerefor new technologies as one of the centersrafvation within
the business support center that is being developedder to increase the competitiveness of thekfsece as a
prerequisite for the overall development of theargthe competitiveness of the above areas andengployment.

Keywords: production engineering, competitiveness, suppgitinter, new technologies, development

1. Introduction - Regional Develo- a range of resources that make up its development
pment potential (material, human, cultural, institutionand

whose efficient use can contribute to more intensiv

Management of regional development is an !0cal/regional development (Fig.1.) _
extremely complex task. Systematic and integrated w _ Increased differences in regional development in
to manage change and manage the optimunFrQa_“a are_the result _of a series of rest_ncﬂdm.l_st
development of the society include the identificati Nhibit the implementation of a systematic regional
and implementation of key activities taking into Policy compatible with the regional policies of
account the strengths and weaknesses, an@eveloped countries of the European Union.
opportunities and threats that come from the eatern
environment.

Management of regional development of Croatian
under-developed areas should apply a combined
approach to development "bottom-up", ie the local
Ievel’ Supported by a SpeCiaI promOtion Wlth nalon « Government drives economic « Economic development is a
and regional levels. (Combination of approaCheS development through policy » collaborative process involving
"bottom—up" with the elements approach - "tOp-dO)Nn" decisions and incentives government at multiple levels,

companies, teaching and

The Process of Economic Development
Shifting Roles and Responsibilities

There is no single model of local / regional research institutions, and
development. Each local / regional initiativesinied by institutions for collaboration
different objectives and priorities, because each
community has to solve specific problems, and retsple Fig. 1. Process of economic development - change
the different situations and environments. Eacla &ids role and responsibility [1]
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The level of decentralization in Croatia is verw]o

TEAM 2009

srijemska i Brodsko Posavska County), which aclieve

currently ranging between 6-9% non-purpose funds ofonly about 60% of the average Croatian.

the budget, while at this stage of Croatian cosntie
should be decentralized to the level of 20-25%jraly
50-70% in accordance with EU standards.

1.1. Analysis of basic economic indicators

Positive  macroeconomic  characteristics
manifested primarily in the continuation of higlogth
of total economic activity, exchange rate stabilltyw
inflation, and further reducing the budget defi@iut at
the same time the key problems of the Croatian@ogn

If the GDP per capita is compared over the Croatian
regions and the average European countries (EU-25)
shows that the average Croatian GDP per capita, jus
under half the EU average, with a growth trend. levhi
GDP per capita in Zagreb is 81% of GDP EU25, the
same in Slavonski Brod-Posavina County is only 27%

areaverage in the EU25.

1.2. SWOT analysis

Based on previous analysis over the region, it was

in the form of high and growing balance of paymentsmade SWOT analysis (Table 1.), as one of most used

deficit (about 8% of GDP) and high foreign debtdatb
86% of GDP) remain unresolved. High growth deficit
foreign trade shows low level of competitivenetshe
economy, and these trends are certainly not sa&tiain
in the long term. Economic indicators also pointhe

conclusion that the increased dynamics of economidocation,

activity generated primarily personal
government consumption and investment.
Analysis and comparison of GDP growth in Croatia
and selected countries in the environment and thénE
the period 2000-2007 (Fig. 2.) can be establighad

growth and

method at area of strategic management used for
creation a conclusion towards better economic tiitaa
Strength and weakness cover Internal environment of
Company and including exercise, expertise,
organizational resources, comparative ability, athges
recognition, or distribution  potential.
Opportunities and threats come from external
competitive environment. Purpose of this clasdifica
is ensurance of good relations interior material,
technical, financial and management potential that
provide more utilization opportunity with minimizesk

Croatia has recorded an average growth GDP 4s6% iwith for community.

classified into a group of countries with averagagh.

Estonija

Letonija

Rumunjska . :
dugarska : : : : :
Slovaika ! ! :

Madarska ! : » 41 5
Ceska :
Poljska

Slovenija

EU 15

6.0 8.0 90 10,0

Fig. 2. Average annual growth rate of real GDP,
2000th-2007th,% [2]

Croatia is faced with huge regional differences in
levels of development. Comparison of GDP per cagiita
the county level are visible the vast differences i
development between the counties in Croatia. Wthide
City of Zagreb produces nearly a third (31.8%) @FR5
Croatian, Brod Posavina participate with only 2.8%

total GDP in Croatian. Comparing the GDP per capitaEuropean car roads and railway

between the counties in Croatia indicate that tlostm
developed city of Zagreb has a 3.2 times higher G&P

Table 1. SWOT analysis of Brod- Posavska County
[3]

STRENGTH WEAKNESS

Natural Resources The fall in industrial

(high-quality agricultural land, production, outdated
plenty of water, significant foresttechnology and lack of
resources) investment

Strong industrial tradition and (decrease in industrial
assets production due to war,
(a strong industrial tradition in transition process,

metal processing and woodproblematic privatization of
processing sector, the state industrial enterprises)
concentration of industrial High unemployment

enterprises and the growth of((characterized by a large

crafts and small and mediumshare of unskilled labor)

enterprises) Unsatisfactory structure of
Excellent traffic position the workforce
(intersection of important

(Adapted system education,

lines) poor  computer literacy,

knowledge management)

capita of the least developed counties (Vukovarsko-
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OPPORTUNITIES THREATS 2. Effect of applying new
Technologies to Competitiveness of

Development of agricultural Increase in pollution the Economy of the Region

production (low level waste management

The stage of development "economy based on
innovation factors " capability to produce inndvat
products and services to the global technologat||
new value added) Aboutdljev drain using advanced methods, is a key source of coriyeetit
Industrial Development (emigration and depopulation) ~advantage. With the aim of development of the
Croatian economy to the "economy based on
innovation factors" (Fig.3.), in which the factood
business sophistication become the main deterrtsinan

(development of organic and waste water and industrial

production with a high share of pollution)

(through the development ofinflexible bureaucracy

business and industrial zones(eg, unresolved property-legal

||nk|ng agriculture with I’elations, Iegal Unadaptable Of Competltlveness |t |S necessary to resolve the
manufacturing industries) conditions in the economy) problem overall business efficiency - the efficigraf
Utilization of natural resources ~Strong international investments and investments in technology and
and the development of competiion and lack of business processes and high-quality and profedsiona
. , , work force.

ecological  tourism  and investment The key is to systematically work on improving
ecological agriculture these critical factors to become a support company
(based on the clean environment improving the competitiveness of intensive investin

in innovation and improvement of business

of the County) e
sophistication.

Improving cross-border

cooperation TODAY TOMORROW

Efficiency Factors Innovation Factors

COMPANY COMPANY

As the problems that impede the development of the
economy, and by their nature belong to the foréija v
responsibility of the public sector) are listed:e th e E -~ -~
slowness of government bureaucracy, high taxes and
welfare state, weak protection of creditor rightge
payments, limited market, banks lending
nenaklonjenost small enterprises, Outdated Land Fig. 3. Competitiveness - economic development
Registry, the omnipresent unfair competition, based on innovation factors [2]
insufficient or poor quality infrastructure, poaudiness
support institutions, the relatively high cost ofeak Analyzing the critical factors of competitiveneds o
purchasing power. companies in Croatia, it is evident that learnimgvbrk
Internal problems that entrepreneurs have in theas part of lifelong learning is one of the most arpnt
company are: lack of legal-customs procedures ininternal factors of competitiveness, which is assted
Croatia and the EU, and EU programs that help thewith similar factors that affect the environmenthe
development of SMEs, the lack of quality workers, educational system and labor market. Croatian
insufficient development and promotion of its own company faced with the problem of finding qualified
brands, high credit debt companies, outdatedand motivated workforce that has skills and quick
technology, lack of basic knowledge about our ownlearning ability necessary for the acceptance af ne
work and specialized knowledge, inefficient technologies and efficiency of the investment pssce
organization of business that results in high potidn If you are adding to this problem of inadequate
costs, high rent and construction costs. regulation, lack of relevant support institutionslahe
developing specialized services to the busineswisec
The use of information technologies is limited get a complete picture of factors that negativéfgch
although the offer of equipment (devices andthe rapid and sustainable growth of the Croatian
applications) company.
sufficient quality. Small entrepreneurs do not use
information technology as a base business decisions

\ 4 v Business sophistication Innovations
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3. Education and Competitiveness

system is to ensure increase of competitiveness in P -
economy and necessary quality of human capita as 5% [+ - -l —--- W Industrial school
main developing resources. The education direated t Industrial school - 3 years
contribute productivity and increase of basic degré sl B e primary school
education of population should be one of main M B N e
priorities of Croatian. w N

The importance of education now gets in focus of e s
growing need for educated and qualified workergwit
specialized knowledge, and is therefore one oftibet Fig. 4. Educational structure of labor force in
important issues related to achieving high quality 2006,% [2]
education of the whole population. According to
research in the OECD determining the economic Significant additional efforts in education, it is
growth it was found that the quality of educatien i necessary to significantly improve the educational
more important than quantity of education (Hanusekstructure in Croatia, and thus its potential fdniaging
and Kimko). a high level of global competitiveness, should ¢ean

It is also found that additional years of educatdn significantly. In line with stated lifelonglearning
the population of individual country can increase programs must become one of basic developer syrateg
production per capita for 4-7% (Bassani and Sctapet and important function of business development.
2001), and an additional year of education leads to
increased earnings from 5 to 15% (Psacharopoulos, 3.2. Training and Education
1994).

| Gymnasium

T Faculty or more
. . . ares - - - R ; i
The key of establishment of good quality education o L I I. e S T

I without Primary school

Training and Education represent Central Policy
3.1. The structure of the workforce Local/regional Developer Strategy, and Education
population what is a key element in development and
Information on the education of employees, the transition toward modern production and high added
unemployed and inactive suggest that educatiohds t values. Although workforce is in Croatia relativelgll
most important determinant of activity, income, educated and trained, missing modern knowledge and
personal development, and development andskills, and must be a key for executive adjustnant
competitiveness of the country. Croatia has eve¥ 52 workforce, or to act at improvement of learningnhe
of the working age population in the inactive and adoption new knowledge and skills, in line with
population. This social group is not employed nor needs and requirements. In line with stated open th
looking for work and is very poorly educated, bessau Issues forms new Training program (formally or
more than half of the inactive have completed onlyinformally Education) content (technical education,
primary  or uncompleted primary  school. ICT, enterprising) and Cast and relations individua
Simultaneously, the share of uneducated peoplédn t institutions in process.
part of the active population (employed and And in the level of education in the Croatian
unemployed) is about 20%. population, there are significant differences. Wtite
In addition to the generally poor educational average highly educated 7.9% in Croatia, in Zadreb
structure (Fig.4.), Croatia with 2.1% of adultsohed is 16.8%, while Brod Posavina County is 4.2%.
in some form of lifelong learning at the Europeai. t

At the same time, Croatia is located on the tophen 4. Business Model - Innovation And

European rank share of students who have completed Supporting Center Nova Gradiska
secondary education aged between 20 and 24 (93.8%,

just behind Norway. Supporting business innovation center in the

industrial park of Nova Gradiska, is focused on key
development issues Brod Posavina County: low
competitiveness, low level of development potential
and the lack of new investment, a small number of
innovative, knowledge-based technologies and new
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entrepreneurs, as well as inadequate knowledge ang, Training Center for new
skills workforce, resulting in high unemploymentdan Technologies

low personal income population of the Region.
Brod Posavina is one of the least developed caaintie |1 \yas planned that training center for new

in Croatia (GDP poer capita in 2006. Euro 3950(; WhiC (achnologies implemented training in CNC  metal
represents a 58.2% average in Croatian, or 27%Jof E processing technology, training in quality control

average 25), faced with high unemployment (29.6%)measurement techniques), IT training and trairiing
and low Personal income level (about 70% of theentrepreneurship.
average Croatian). The goal is to create highly differentiated product

Active measures include employment training jn accordance with the specific needs of the basine
programs for new technologies and skills in accocda  goctor in the Region.

with the needs and demands of the market, enstireng Components of business innovation support center
availability of a quality workforce for the busirges 4e-

sector and thus contribute to the competitiveness, Training in CNC METAL

adaptability and flexibility of labor markets and  pagic training program - Is intended for final year
business sectors. The project includes new trainingsy,qents of industrial and technical schools, ama t
methods ‘and management. Application of "bestnemployed metal processing and related disciplimes
practices” with the EU technical assistance expert§he Region. Program includes: Basic Techniques of
partner networking in relevant networks, traininf o cap and CNC techniques, CNC turning and milling -

staff BISC's. the basics of programming, practical work on CNC
. lathes and milling machines, final exam and
4.1. The planned project results certification. It is planned that the training E$br 80

. : . hours.
Implementation of the Project establishes a system 4, anced training program - Training is based

for integrated ~ services and  entrepreneurship,, yhe application of CAD / CAM software solutions
development and vocational education programs (VET)for 3D modeling. Includes virtual modeling and
for targeted workforce training in new technologies practical production of parts on modern CNC

It is realistic to expect that - students training machines. Training includes: basics of 3D modeling
program, successfully endmg a targeted Spe(_:'a_l'Stand CAM applications in manufacturing, visualizatio
training  program, ~ acquire a<_jvanced Spec'a“_StsimuIation process, DNC communication computer /
knowledge and  skills that W'." enhance_ their machine, producing parts, exercise. It is planriext t
competitiveness and employability, and with the the training lasts for 80 hours.
support of relevant institutions to ensure their TRAINING IN QUALITY CONTROL AND
employment in existing companies and New tEcHNICS OF MEASUREMENTS
investments will be realized in industrial park. Basic training program - Training is for

h It ||38 r_eallstlc to expect that t.he |tr)nr_)llde_mentaft|c{/nE9r unemployed workers and metal-processing of the
the Project to :Isupport capac(;ty ounding 0 profession in order to acquire basic technical
institutions to implement targeted training progsaior | \o\jedge of measuring techniques. Standard peactic

newk ttechn:j)logylé_ agd business in accordance With, easirement techniques include: an introdudiion
market needs.(Fig.5.) measurement techniques, external and internal

m workpiece measurement, control surface roughness an
hardness of the material. It is planned that thmiing
, i . . takes 20 hours.
Training center for Business and Business and Center for Advanced training program -- The training is
["‘*W‘ei'l““gies] [t“"°'°g‘”"°“b“°'J ["“""e“"gce"‘erl [enfe':ﬁ::ﬁ%:"d Jintended for unemployed workers and metal-working
professional who possess basic technical knowledige
Fig. 5. Project Components Business Innovation measuring techniques. Advanced training in
Center supporting Nova Gradiska measurement techniques include: Introduction to 3D
measuring equipment, 3D measurement techniques, the
control software in 3D measurement, contact and
nekontaktno measurement obradaka. It is planned tha
the training lasts for 40 hours.

50



TECHNICS TEAM 2009

6. Conclusions practice in relation to the application of the cepicof
"regional clusters”, and "research driven clusterns
Modern regional policy aims to balance the overall the field of regional development and improving
economic efficiency and balanced regional (spatial)competitiveness. Application of the above concept i
development, and attaches strategic importance othe basis which enables the development of innonati
industrial restructuring and other structural atipents ~ for the competitiveness of enterprises and indesstian
in the underdeveloped regions to raise their ecamom effective instrument for the concentration of reses
and technological competitiveness. and funding, creating value for their territory atal
While a significant lag in research sector and promote interregional cooperation and networkingl a
development for Croatian EU competition observesd th improving the degree of integratidretween industry
rate of employment in knowledge-based service sectoand science, and the ability to develop and manage
is intended, the rate of employment in high andinnovation. — Development of new  business
medium technology manufacturing sector, investmentinfrastructure, integration, networking  and
in research and development of the share of GDPinternationalization, and improving knowledge and
investment ratio public and private sectors in aeste  skills of entrepreneurs and the workforce in thgioe
and development, it is necessary to make invessnentWwill enable the specialization, focus on produatsl a
in research and development of market-orientedservices with high added value, the application of
intensive development ties and relations betweerinternational standards and thereby improving the
research and higher education institutions and thecompetitiveness of the region.
economy, and to develop new higher education and
research institutions and smaller centers, which wi References
positively affect the balanced development and
competitiveness of the wider area. [1] Porter, Michael E.: Maine competitiveness: Moving
With a lack of incentives for investment in resdarc to new economic development model, Harvard
and development and education in Croatia, espgciall Business School, USA, 18. prosinac 2006., 25 str.
when it comes to encouraging the supply of educatio http://www.isc.hbs.edu/pdf/20061218 Maine_State

and scientific research services in the privateéosed _House.pdf, (01.08.2009.)
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Abstract

This paper deals with developing ways to enliglitesigning and constructing of one mechanical prodgearbox. It
is done by fully automating complex calculationngsVisual Basic for Applications programming langeaBata was
stored in form of tables and graphs and was retddw using API functions of software holding acpamying data.
Virtual model of product was built in 3D CAE softveaand linked to output results of calculation, gifumanifesting
design variations. Main goal was to move focus ftedious and time consuming task of manual caliratsubject
to errors to more freedom in design itself and gtigating of what various combinations of input graeters yield.
Although a system was used for particular proddaearbox, it is meant to indicate the power aracfical use of
information technology in helping engineers degigsducts with more freedom in general.

Keywords: parameter modelling, product virtual model, VBA,IABAE

1. Introduction importantly, from graphs, thus presenting model for
any other calculation where such or similar manual
The base for this work was [1] — “Manual for actions are needed.
construction practice”, which is used in teachihg t Extending the Manual [1], 3D fully parametric
course Elements of construction lbn Faculty of model of gearbox was built using CAE modelling
Mechanical Engineering. It includes detailed software, for visual representation of calculatiemd
calculation of gearbox with one degree transmissiondefinitive confirmation of results.
and single helical gears in parallel configuration.
There are 16 input parameters ranging from power 2. Application development
to transmit, speed of input shaft, type of mairvelrito
materials of shaft and gears and geometric Following software was used in building the
characteristics of gears. Calculations itself cetissof  program: Microsoft Office Excel, Autodesk AutoCAD,
two main parts: calculation of gears and calcutatid  and Autodesk Inventor. Programming was done in
shafts holding the gears. Manual [1] holds formulas Visual Basic for Applications (or VBA), using Exca$
instruction for sketches, tabular data, and graphdase for it.
needed for successful accomplishing of design and

calculation process. 2.1. Preparation

Because of its complexity, it may take some tinre fo
whole process to finish manually, risking the pbgisy Whole process consists of several phases. Tabular
for errors to show up along the way. That's wheleai  data presented in 30 tables was stored in *.XLSeExc
was born to automate whole calculation process. file in one worksheet. Tables include both datatesl

Although there are already automated calculationsdirectly to gear calculation, and data containiizgs of
of various types of gears available either for foedo standardized elements used in gearbox assembly
pay for, it is assumed that this particular caltala  (screws, nuts, gaskets, bearings ...). Of course th
cannot be fully analytically described avoiding tteed  could also be done by using databases, but for this
to lookup data from tables and, as it will show,reno
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example that wasn't necessary, and the way it wasd automatically create a Word report from Excel data,
was completely sufficient. turn automatically collected by Excel from polled
Calculation includes 18 graphs of different observation sensors.
complexity. Some of them are probably analytically = VBA is functionally rich and extremely flexible but
describable, but for most of them it would verych&r it does have some important limitations, including
do so. They were all redrawn in AutoCAD and stored limited support for function pointers which are dses
in one *.DWG file. call-back functions in the Windows API. It has the
Autodesk Inventor was used for building virtual ability to use (but not create) (ActiveX/COM) DLLs,
model of gearbox. Model is fully parameterisedngsi and later versions add support for class modules.
multiple levels of parameterisation. Calculatiosuks Interaction with the host application uses OLE
are stored in three separate *.XLS files, contgrdata ~ Automation. Typically, the host application provéda
for gears and housing, bearings, and shafts. lovent type library and APl documentation which document
model is linked to these three files. Values frdram how VBA programs can interact with the application.
are used both in sketches of features of indivigaais, Multiple applications can be automated from the one
and in constraints used to position the parts inhost by creating Application objects within the VBA
assembly. Furthermore, many parameters used ircode. References to the different libraries must be
model itself are derived from, and depend on,created within the VBA client before any of the
sometimes multiple values taken from input files. methods, objects, etc. become available to uséeén t
Inventor has feature called “Design accelerator” application [2].
which includes many types of mechanical design All programming was done in Excel, using it as a
elements (bolted connections, clevis pins, shaftshost applications for VBA, and creating Application
bearings, V-belts, springs ...), but most intergptivas  object toward AutoCAD for reading graphs situated
possibility to design gears. This was used in modgel inside *.DWG file. To fulfil task, opposite method
gear parts — they weren't modelled from scratch, bu could be used — with AutoCAD being the host
parameters were forwarded to parts built with Desig application for VBA, and Application object toward
accelerator. Similar approach was used for alldstech ~ Excel created for reading tables inside *. XLS file.

parts in assembly, with the difference that fomtheata Yet another approach is possible: since it's
vas retrieved from tables, and gears used data froncompatible with Visual Basic, front-end for devetop
calculation. application could be done in Visual Basic, whergoal

all programming could take place, and Application

2.2. VBA objects toward both Excel and AutoCAD created.

Doing so could eventually eliminate Excel from lgin

Programming language used was Visual Basic forused: filling the data can be done @penOffice and
Applications (further in text: VBA). It is an some independent components for accessing data
implementation of Microsoft's event-driven within *XLS files can be used (likeGembox
programming language Visual Basic 6, and associate@®preadshegt Since some of those components even
integrated development environment (IDE). By outperform Excel’'s own automation libraries; that
embedding the VBA IDE into their applications, could be approach used where larger amounts ofiglata
developers can build custom solutions using Micitoso processed and need for performance is required.
Visual Basic. It is built into Microsoft Office, bér
Microsoft applications such as Microsoft MapPointla 3. Programming
Microsoft Visio; as well as being at least partiall
implemented in some other applications such as Front-end for this application was simply Excel
AutoCAD, WordPerfect, Inventor, CATIA ... worksheet with cells on it used both as input fiedohd

As its name suggests, VBA is closely related to mean for representing calculation results (Fig. 1.)
Visual Basic and uses the Visual Basic Runtime, but Tabular data was stored in the same *.XLS fileyonl
can normally only run code within a host applicatio in another worksheet (Fig. 2.).
rather than as a standalone application. It cawgher, For easier management, code is divided into several
be used to control one application from anothengisi modules, containing functions and subroutines (#ip.
OLE Automation. For example, it is used to
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Input data |

Mark Unit
Reqw_red power of input machine Pre I-c;'l_.f'lu’ 28 CALCULATE
Electrical motor speed Nep 5 24
Standardised gear ratio u - 4,25
Waorking machine mass moment GD!.@ N-m* 65
Electrical motor starting time i, s 0,75
Torsion load - - ]
Type of drive - - Working without auniform shacj
Durability of drive T
Drive gear teeth number - - 19
Drive gear material - - 15 Cr Ni 8 (€5421) <
Material state - u PK View the table of materials
Angle of action o, 20
Helix angle : 7
Gears quality -
Driven shaft material - - co745 -
Shaft security factor Spor ~ L5 View the table of materials
Maodule class (1- 2- 3)
Maodule - manual input 1,5 v

Fig. 1. Input screen

Table TRO10 - Axis distance bounday values

uality of axis distance
Nominal a Y

values of 1 ‘ 2 ‘ 3 ‘ 4 | > | &
axis Quality of gears
distance

1‘2 3‘4 5‘6 7‘8 B|lD 11‘12

a2
o
o

6 10| 2 8 8|11 11(18 18| 45 45

0 18| 3 9 9|14 14|22 22| 55 55

48]

18 30 11 11(17 17|26 26| 65 65

(== I I = 1]

a0 50 13 13|20 20(31 31( 80 80

50 80 10|15 15|23 23|37 37|95 95

n

80 120 11 11|18 18|27 27 (44 44(110 110

120 | 130 13 13|20 20(32 32|50 50)125 125

180 250 15 15(23 23|36 36(58 58145 145

FARES
[= R S = s B T T ¥ % I 7 ]
[

[=]

o~ o

250 315 16 16|26 26|41 41(65 65160 160

w
=
]

315 400 9 18|29 29|45 45|70 70| 180 180

=
=]

200 20|32 32(45 45|78 78| 200 200
Fig. 2. Tabular data

400 500 | 10

General flow of the program is as follows: it first worksheet and easily prepared and manipulated (and
connects with *.DWG file containing graphs, follodve that is used in this case, by simply connecting table
by separate calculations for gears, shafts, amallfin rewritten from Manual [1]).
filling out three *.XLS files with values for gersion Process of calculation consists of steps whereyever
of 3D model (and some extra data evaluation is donestep ends in some result carried on further. Arat th
there, preparing it for 3D model) (Fig. 3.). Upon result must comply with limitations imposed to $o,
entering first module, program fills its variablegsm wherever there is such demand, program verifies
input cells and starts the calculation. Choice of current result and notifies user if it is unsatiséy
materials used is accomplished by using drop-down After that it stops, and it's needed to start iaiag
menu objecComboboxwhich is very suitable for this after changing the input values.
purpose, since its content can be written somewbiere
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- Eﬁ. ¥BAProject (Reduktor.xlsm}
-5 Microsoft Excel Objects
%) Redukbor

R sheetl (GLAYNI)

R sheetz (PODACT)

-5 Forms
Tablica_materijala_TRODG
Tablica_materijala_TROZ0

-5 Modules

important because one corner of rectangle is thigino
point for reading data from that graph, and its
coordinates are written in code (Fig. 5.). Evergpdr is
unique to operate with, and each one has its own
subroutine for retrieving data from it.

The way data is read from graph was very important
step in elaboration of program, because if thatrwras
possible, there wouldn’t be much use from the ofst

2 ACAD DROOL
2 AcCAD DROOZ
2 ACAD DROOD4
2 ACAD DROOS
2 ACAD DROOG
2 AcCAD DROOS
22 AcCAD DROOY
2 acaD DRO1O
2 acaD DRO1L
2 AcCAD DRO1Z
2 ACAD DRO17

software. It is done by using AutoCAD function
IntersectWith.It gets coordinated of section of two
curves (objects). For that it is necessary to drag at
eitherx or y axis (from code), intersect it with desired
line existing in graph, collect intersection cooaties,
and use it for further process. For some graphe thee
several steps in doing so, and it can get somewhat
complicated.

One of challenges was to determine best way to find
out how to access the existing line on graph terssct

with. At the end it was done by using property of

f&;ﬁﬁfm_e objects in AutoCAD calledhandle It is unique
&2 PARAM : parameter property for each object on drawing,that

way it was possible to access precisely specifiidab.
Only thing is that it was necessary to manuallyeasc
each line in drawing, read itsandle and write it in
code (Fig. 6.).

The way program prepares graphs for reading is that
Since graphs were available in printed form jt loads into memory all lines for that graph amert
(Manual [1]), it was needed to transfer them initdly  operates with them, but each time when loading

vector form. It was done by scanning them andditer  subroutine for a graph, it queries through all otgjen
drawing over them in AutoCAD. Three types of obgect drawing (around 400), and loading only those resglir
were used for thatlines polylines and splines  That process hugely slows down performance of
depending on type of geometry in graphs. Much careprogram. It is surely possible to come up with some
was taken in doing this, since any deviation from other faster way of doing this, but purpose of thigk
originals leads to inaccurate results in calcutatio was to present interoperabi”ty of different softeva
Every graph is put in its boundary rectangle, whigh  solutions, and possible improvements are left open.

necessary to need some factors, two of which can be
% determined by manually sketching gears geometry,
and then reading the values from sketch. For
automation to overcome this, AutoCAD was used
once more, only this time complete geometry (sKetch
was drawn and results read using code with AutoCAD
functions.

a2 POG_1_CELNICT
a2 POG_Z_VRATILA

Fig. 4. Code organization

Fig. 5. Graphs digitalized (sample)

Besides finding the way to read graphs, there were
also two more significant features elaborated along
the way.

One is when it is necessary to carry out control of
stress regarded to side face of tooth. For thas it
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Another tricky part was determining border
DROO1_ish{d) = 1470.4594
DROO1_ish({1) =

faktor¥ = §7.903 / 1.5

nula = DROO1_ish(l) + 0.5 % faktor¥

znlZpol = [z n 1l + =z n 2 /2

For Each elem In M3pace

Select Case elem.Handle
Cage "1Eg": Set DROO1_L (1)
Case "1E&": Set DROO1_L(Z)
Caze "1ES": Jet DROO1_L(3)
Caze "1EA": Zet DROO1_L(4)
Cage "1DD": Set DROO1_L(S
Case "1DC": Set DROO1_L(6)
Caze "1DE": Jet DROO1_LI(7)
Caze "1DA": Zet DROO1_L (&)
Cage "1D9": Set DROO1_L (9
Case "1DE": Set DROO1_L (10
Caze "1D7": Zer DROO1_L(11)
Caze "1De": Zet DROO1_L(1Z)
Cage "1DE": Set DROO1_L(13)
Case "1D4": Set DROO1_L (14
Case "1D3": Jet DROO1_L(15)
Case "1D2":
Case ™iD1":

End Zelect

MNext elem

Fig. 6. Portion of code for graph reading

Gearbox virtual model consists of 10 custom made
parts, plus standardized parts (bearings, bolskeia
...). Manual [1] suggests two types of housing:
moulded or welded. For this work only moulded
housing was modelled, following template from [3],
Fig. 372.1.

Although most of parameter values are read from
calculation output files, many of them are defined
Inventor itself; distance of axis and diameter and
thickness of gears being most important ones which
practically defines whole housing.

At first sight, parts don’t look much hard to maodel
but since they are completely driven and change in

size, thickness, number of holes ... biggest time
was spent not on modelling itself, but determining
what rules to set so that that model doesn’t fdiew
regenerating, and that changes are properly caotied
through whole assembly.

elem
elem
elem
elem
elem
elem
elem
elem
elem
elem
elem
elem
elem
elem
elem
elem
elem

get
Set

DROOL_L(1E)
DROOL_L(17)

Fig. 8. Gearbox virtual model without housing
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deviaioof measure over several teeth. In manual
calculation, up to that point some values are known
and it is necessary to find out most suitable
combination of standardized deviations from tables
based on those values. This involves many steps of
iteration with different pairs of chosen valuesdan
finally determining what set suites best. To auttama
it, algorithm was developed which understands from
what position in table it should start reading dsta
that calculation is done quicker, and it dynamicall
determines range of values from that starting point

4. Virtual model

When calculation in Excel finishes successfully,
and with assembly open in Inventor, it is only
necessary to hlpdatebutton and it will update itself
completely reading data from files. Then visual
examination can be carried out, confirming or
declining calculation results and redoing it by
changing input values.

Fig. 7. Gearbox virtual model
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fx:d110 = dQJ / 2ul ‘ ﬁ—‘
frdb7— doE L2t I
fd102 = d96 / 2 ul P L a0s - 108
[} i e fx:d94 = d98 / 2 ul - d96 / 2 ul
ficfdBa|= B - 3 ul * delta | B b
O {d98 =34,2) 1
x;d87 = 1,2 ul * delta ; |
BN / : : " Tx:d95 = d98 /2 ul - d96 / 2 ul
T : 1

(d99 = 97,7 &=

S

fds3 =a- /M

U=

L]

Fig. 9. Example of a sketch used for creating lid

5. Conclusions

Main task of this work was to cooperate with
multiple software solutions in cause of simplifyiagd
quickening one engineering calculation. Task was
successful, and obtained software solution death wi
all elements of calculation automatically. Restlthat
is huge amount of time saved on manual work, which
can then be more purposefully used on changingtinpu
values and observing what effect and in what degree
they have on outcome. With that engineers can bette
understand what they're dealing with and predict
behaviour of the model, all of that leading to more
quality design.

Although very thorough, software has some space
for improvement. First of all is the speed of remydihe
graphs, which if done some other way could fasten
calculation significantly. Second, and more compex
do, is the idea to make program ‘smarter’ in a \Weat
it changes the input values by itself and learns
significance of particular values. What could benelo
with that is the ability of software to determinbdat set
of input values would lead to desired charactessti
but that would include some more complex
programming. This project was realized using reddyi
simple programming (only it was somewhat
comprehensive — there are around 2.000 lines o cod
used), with very much basic programming functions
and loops. Only deviation from that was using of
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Abstract

In manufacturing of working parts by metal formithgere are various methods that cause differentegioes and ways
of bending process. Elastic part of deformationseauspringback of sheet metal plate which affewts fand accuracy
of bended sheet metal plate. The important criteifiovalidation of bended parts is angle of spragbof sheet metal
plate. As a measure for angle accuracy, it canaent into account a relative error of bending angler the
improvement of accuracy model that compensates amicdl springback is used. The influence of medtani
springback on bending angle can be eliminated va¢imding sheet metal plates with smaller angle trendesired so
after the springback sheet metal plate takes defiemding angle. The following elements influencetioe bending
process: force of bending/calibration, die confadiom, work piece geometry, product properties fintion. Bending
process of steel sheet metal plate St1403 was aietlivith FEM method.

Keywords: sheet metal plate, bending, V-die, finite elenmantel.

1. Introduction If the effect of elastic springback is neutralised,
close tolerances and dimensions of bended parbean

The important criterion in evaluation of bent obtained, which is shown in Fig. 2.

components is the bending angle. The relative pgndi ‘ 391.61§3 681
angle error may represent the measure of angleagcu
of the bent parts. 9% £,

Oa =—D’2 " ¢ | \gg

aWZ

@)
where: EHCASIEY

a- - bending angle after withdrawal of pressure,

a, - die angle. /

There are three types of die bending operations: [A] o
a)opened, b) half-opened, c) closed, see Fig. 1. =

©) 117 Fig. 2. Bended part with close tolerances required.

[2]

In bending of metal plates there is phenomenon of
»  elastic spring-back. Springback can be reducedvin t
ways. First is determination of springback retungla
Fa for some material, and than this part is over bdrfde
the amount of springback angle, so when it is szlda
_ _ from die the part takes desired bend angle. Fompie
Fig. 1. Three types of dies. [1] if angle of springback is 1° and desired bend aigyle
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90°, then part is bended to 89° and after unloading the work piece is bended with demanded radiusI(fina
takes angle of 90°. stage of bending).

The other way is calibration in V-die in one or two  Although the cost of bending in two stage is gneate
phase bending processes, where length of arc ishen the one in the one bending stage, this has
plastically formed according to punch radius. The advantage in economical sense by small and medium
interdependence of relative bend angle ef@gr and series, because there is no supplementary finisbing
the specific maximal forcE,,/b for different die radii  the tool. In the first stage of bending the widthtlee
is shown in Fig.3. In case of positive errors thare  punch is equal to the width of the work piece.éoand
differences, which are greater with the increas¢hef  stage of bending the workpiece is placed underneath
force. One can see that the increase @f is the punch for final bending. In the following phase

accompanied by decrease of punch radjus both stages are performed simultaneously (one work
piece on the early stage of bending, while on tihero
0,08 ‘ the final bending). In this way the time for the
0.06 - gﬁ%}m production of one part is reduced almost as insiage
: / ‘\@:qmm o =0.75mm bending. Fig. 4.
0,04 m=7mm . : -
TN \§<\ If one wishes to emphasise the accuracy of reglisin
0,02 r/ ~_ o= Jmm the angle according to DIN 7151, then it is demande
0 4 E\ Za\ W N to determine the length of that angle. On the Bjghe
I - o 7;;;\;??;;;:fji*f:f dependence between aberration of length and
—0.02 1 A P aberration of angle is presented.
~0,04 / = .
1 _actual
70’06 ’,’/ - C sat polnt
~-0,08
0 50 100 150 200 250 '
Fmqu/b N/mm T2 gotual /

Fig. 3. Relative bend angle error and specific
maximal force for various die radii in bending ialh s
opened 9%V-dies. [3]

The precise bending in two phases is presented ol
the Fig. 4. J A

1)
1.

A
A

i o
+

AC= chtua Cﬁe‘t paint

Fig. 5. Dependance between length and angle of the
o bended sheet metal plate. [5]

2. Methods and materials used for
research

For the numerical Finite Element Method simulatifn
the half opened V-die bending steel sheet mettd flam
. . — St1403 material was used. Steel St1403 is Germah DI
Fig. 4. The precise bending in two stages. [4] designation, European norm BS EN 10130:1999 is old

, . . designation for the same material. New EU normNs E
In the first stage the work piece has greater sadiu DCO4 (1.0338) [6]

then it is needed (early stage of bending), burdftat,
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This material has the
properties [7]:

yield stresfRy, = 157 MPa

ultimate tensile stre$’, = 309,2 MPa

n valuen = 0,242

following mechanical

Flow curve is approximated with expression:

k, =556(0,0058 ¢)"**’, MPa )

wheregis true strain. [7]

Bending process was simulated in MSC.MARC, so the
strain hardening curve is supposed to be entetibe iform
of plastic portion of true strain/true stress. Ehes
calculations are done by expression:

k

9, :¢—Ef, whereE represents Young's modulus of
elasticity. For steel sheet metal plate St1403 Ysun
modulus of elasticity i€ = 210 GPa. Flow curve for
St1403 material is shown in Fig. 6.

e

/

/
/

300

230

200

True stress, MPa

150

100

an

002 0,04 0,06 0,08 0.1 0,12

Plastic portion of true strain

Fig. 6. Flow curve for St1403.

Poisson's rati = 0,3 was used in simulation. Material
was described numerically as isotropic elastictiplas
material with isotropic hardening rule and pieceeninear
strain rate method. Yield surface was calculatedrding
to vonMises.

Problem was simulated with contact bodies, of which
one was punch with angle 90° and tip radius of 4, mm
lower tool was also with angle 90° and in two \ansi
One was half-opened tool, and other was closedwiiol
radius of 4,75 mm. Sheet metal plate was simulaitd
dimension of 27 mm length and 0,75 mm height (shibwn
Fig. 7). Problem was modelled as plane strain isrtbss
is by default set as 1. Upper tool (punch) wasrobed by

TEAM 2009

path of -8,1 mm at the end of the stroke, as atibmof
time. In the timdg=0, punch path was also set as 0 mm. All
points between were extrapolated during simulatiin.
desired values of punch path, the upper tool (Punets
stopped, and reversed in other direction, so spleg
could elastically return. Values of angle betwdwes plate
ends were measured in each time increment befode, a
after the unloading.

c0°

%

U6

0
c/

!

Fig. 7. Model with dimension used in FEM
simulation.

Fig. 8. shows punch position as a function of time.
Punch motion is set in negative positioryatxis which
is shown on a FEM model in Fig. 9.

B

7

Punch position, mim

0 1 2 3 4 5

Time, s
Fig. 8. Punch motion as a function of time.

60



TECHNICS TEAM 2009

L1 25

20

Force, N

A

L. :

Fig. 9. FEM model of half opened V-die ’ 0 0 ° % 10
Degrees
3. Results and achievements Fig 11. Calculated bending force as a functionesfch

angle.
Results were observed as angle between free
sheet plate ends. In some chosen time incrementhpu Fig. 11. shows calculated force of bending of shizde
tool motion was stopped, and punch tool was rederse a5 a function of degree of bending. One can seat gre
in direction, allowing elements to unload and jncrease of bending force at angle of 90°. Thixisause of
approximate elastic springback. These angles beforgnaterial is strength hardening in the area aroumttip
and after the elastic springback (Fig. 10.) weredu®  adius. Depending on a magnitude of forming fofce
calculat(_-:t relative bending angle error according tOgtresses can be large enough so this completbadens
expression (1). enough so that there is almost no elastic sprihgbdts
[ high force is called calibrating force. Sometimiess inot
economically to use high forming forces, so they amhy
. of precision V-die bending is to over-bend som¢ foathe
w5019 amount of elastic springback, so when the pamisaaded
and springback takes place — the part takes desicgob.
This means that tool with smaller tip angle shdddised.
Fig. 12. shows relative bending angle error ametifon
of punch travel. In numerical simulation, tool (pbh
motion was stopped and reversed at desired time
A increments, and angles were measured before amd aft
LA unloading, which is shown in Fig. 10. Based on the
calculated angles, relative bending angle erroalisulated

loesel

| - and plotted as a function of punch travel.
‘ 1 512e+002 D'DS
‘ FRETTE 5 0,043 A,
117604002 E 0,04 / \
1 008e+002 ;E 0.035 / \
& 4014001 .E / \
% 0,03
i a 0,026 ‘
+001 0,02 \\
+001 0013 {
1998011 0,01
0,003
Fig. 10. Angles before and after release. s 83 8 5.4 ! 74 8 83

Punch travel, n

Fig. 12. Diagram of relative bending error as afion
of punch travel.
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[2]
[3]
[4]
[5]

[6]

a0
Bend angle, ©

AIEI GIU

Fig. 13. Tool (punch) displacement as a function of
bend angle

Fig. 13. shows tool (punch) displacement as a ifumct
of time. It is interesting to see that before tinalfpunch
motion of 8,1 mm the bend angle is lower than Vattigle
which is set as 90°. This effect is more expresgduthe
use of smaller punch tip radius, and many expetahen [7]
tests have shown this phenomenon.

4. Conclusions

In this paper, the process of sheet metal plate is[ 8
investigated. With the use of finite element methibe ]
process of sheet metal forming was simulated. Sitioul
was done with St1403 material. Since the effectladtic
springback is present in almost every bended shetdl
plate, it is necessary to take into account thecefToday [9.]
because of energy crisis automobile and other
manufacturers tends to reduce energy consumptigheby
use of light weight constructions and compositeenls.
Especially in automobile industry, the use of rstfength
sheet metal plates is present because these fsabdiga
same strength and less weigh than conventional Alses
because of strength hardening, these materials rhave
expressed effect of elastic springback. Based emetbults
obtained by FEM, bending process should be inagstily
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with high strength steels, and various bendingrpeters

< 7 pd as V-die lengthw, punch angle, punch tip radius, V-die

g / radius, coefficients of friction, force of bendietg.

3 4]
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Abstract

During the design of almost every part of mechdreécaineering, there is several variant of struatgolutions.
Sometimes it is not easy to decide which structsodition to choose from, and often it is necessaryse different
models of assessment and evaluation of structohatiens with the application of the theory of d#oh making. In
this paper, decision making of a structural solutim example of hanging type of heat exchanger usdide steam
generator with a horizontal flue gas passage,dsemted. Between two variants of structural solyt@om on basic of
evaluation with the theory of decision making, omtl solution is decided in considering the advamtagd

disadvantage of individual constructional solutions

Keywords: decision theory, models of evaluation, decisipugential method, heat exchanger, hanging.

1. Introduction

experience, and immediately comes to the satigfacto

result and with no alternative comparison.

Decision making is a problem that occurs in each

Mentioned decision making

include integrated

activity. Decision problem is usually a problem in uncertainty. However, the theory of decision making

which the main intention is to appropriate for afi¢he

identifies and involves uncertainty with structuraatd

alternatives, taking into consideration all reldvan rational justified ways of decision since its copioen

factors or criteria.

1964th [2].
Make a decision means to choose one of multiple

Because the criteria are usually conflicting, the choices. So, the decision maker, designer in th&ec
selection of decision maker will not be the optimal must to do the following [3]:

solution in the traditional sense, but it will bbet
satisfactory solution of which in a given situatithere

is no better. Evaluation of the possible decisiins
subject to the subjective impression of decisiorkena
and depends on amount, or importance of criteflia [1

Logical decision making is an important part of all
science-based professions, where experts apply thei
knowledge in some area of decision making. For
example, decision making in medicine often involves
making a diagnosis and selecting appropriate treatm
Some researches, using naturalistic methods, shows
that in situations with lack of time, with more
parameters, or with more ambiguities, experts ahegu
intuitive decision making rather than structured
approach, following the basic approach to decision
making with a series of indicators and expert
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understand how the mind makes judgments,
where such processes are positioned, and how
to proceed from where he is,

by knowing how others made decisions,
understand the overall picture of applicable
technology and clarify its relation with the
designer’s own judgments

Grasp the overall picture of the design process,
that is the sequence of determining matters
including what the goal (functional
requirement) and conditions (constraints) are,
so that he can apply them to his own activities
(design).



TECHNICS TEAM 2009

Manufacturing

2. Decision in Design
Depending on the level of the designer with his
guestions arise including the following [3]: @

* Does designing mean just following samples
that are already available? thod

« Can we follow manuals (written procedures) to metho
can we find the answer?

*  Where do we start when we design?

e Whatis the procedure for making a design? _

« How do we set the design goal? What are the @
free-to-set variables? Dependent variables?
Constraints?

« (When we look at a drawing,) how was each @

mind deep in the process of designing, a number o ( Maintenance
Transportation
design? Or if we carefully search standards,
item designed?

* (When we look at a product based on a design,) I
how were its shape and structure determined?

Questions come up one after another. Many of Fig. 1Constraints associated with design [3]

these relate directly to technology or sciencerbast The designer must bear this deeply in mind, or

of them are questions about the act of designf.tsel social aspects of the desian will even result ie th
When a student mimics design, he has a “sample” to X 9

follow. Modifying an existing design starts from a evaluation that “Designing is evil® [3].
“former design.” A design with an established metho

proceeds following a “design manual (procedure).” | Technical constraints
these cases, it is easy to know where to starhancdto
complete the design. In creating something new,

however, there is no sample, no former design, nc o> —_ / T
manual. Y20
/ // 7 Ethical constraints
The designer has to produce everything for himself. Economic constraints 24

In this situation, the most important thing to kndsv
how decisions are made in design.

Environmental constraints

Social constraints

Fig. 2 Transition of constraints with advanceméntechnology or

There are many constraints, as Figure 1 shows, on the industry [3]
designs. The figure shows these constraints imtter N _ o _
that they come to the designer’s mind. Purely taein By most decision making definitions, common is

constraints are on the left side, starting from that it is a choice between more than one verdtas.
function/mechanism in the lower left-hand cornes A important that it is a process that lasts a shaoter
the design progresses, those on the right stawetgh longer time, in which it is made a choice betwesa t
more. The most significant ones for the overalligies or more features, and to solve the problem becatise
project are cost, turnaround, and method ofwe decided for decision making.
manufacture.
Decision is necessary to define as a result of the

Figure 1 shows the constraints about design in theselection process among several possibilities lvirgp
narrow sense. As technology and industry advanmug, a the problem. That decision could effectively sothe
the results of the design affect our lives or dygie problem, it must be, first of all, unambiguous, gise,
constraints shift from the early technical or eqoio  realistic and clear, and above all, it must be maale
limitations to social, environmental, or ethical time.
constraints, as Figure 2 shows.
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Decision making is not an easy job. It is very Let the =" is relation of poor preference on s®&t
difficult and sometimes almost impossible to make aThen there are a functioh: S—R which is consistent
decision which will have only positive effects as a with the relation [4]:
result. Namely, decision making always dismisseg an
conflict and in fact there is no decision withowsjtive X2y = V(X)=2V(y) ) (1
and negative aspects.

o o _ In the method of potentials, for each preference
Therefore, ambition is to make a decision that will (arrow) in the graph, a number that expresses the
have far more positive than negative consequenies. strength or amount of preference is added. Thisbeum
decision making, great help are methods and mddels represents the ratio of importance between tweriait

it, with common name as valuation models. The aim of decision maker is to include the prefees
) and their strength in the decisions. Figure 3 shthes
3. Potential method example of preferences with its amounts.
In the past twenty years, the number of methods for B 3 C

multiobjective decision making is growing rapidly.
Each has its advantages and disadvantages andomore
less are oriented to decision-making in the contdxt
economic planning, designing, selection of script.

Potential method, developed by Caklovi¢, arise
from efforts to reconcile the two approaches: the 2
rational, based on the works of von Neumann and
Morgenstern, and the pragmatic, strongly criticizsd
the rationalists, which promotes Saaty-s method of
characteristic vector. Both access misfire, if rilation A 4 D
of preferences is not complete, with fact that the
rationalists ‘appreciate’ only transitive relations Fig. 3 Preference with its amount [4]

Potential method has accept the idea from 4. Design of heat exchanger
rationalists, known as 'trade-off' idea, betweee th
exchanges, and the possibility of measuring of In power plants, overheated steam is produced by
‘inconsistency’ of input data from Saaty-s methdhis steam generator (steam boiler), which basic elesnent
method opens new possibilities for the analysis ofare recovering heat exchanger. These heat exclsanger
social networks, with particular emphasis on thalit according to their function can work as economizer,
and calculating the asymptotic state system withevaporators and steam over heater. This paper is

feedback connections [4]. analyzing the economizer which is using the heanfr
flue gases to heat the water. It is antidirectidobllar
3.1. Full graph potential heat exchanger shown in Figure 4

The full graph potential is actually a kind of Figure 4 shows that this is a large heat exchanger
potential and ranking methods. If there is a fisite of  (dimensions 2400x6200x7400 mm and total mass,
alternatives and decision maker is identifying ithwn 96000 kg), which is not strong enough to bear fitsel
points in the plane (or in space), for each pair of Therefore, the additional construction for suppuyti
alternative, decision maker is giving the prefetm  the exchanger is essential.
one of them or declared it as same preferred.

The arrow indicates a preference that is direainfro
less to the more preferred alternative. If prefeeen
satisfy, then the next step is determining the ealu
function according to the equation (1) which define
ordinal scale on a set of alternatives.
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Fig. 5 Hanging variant of the heat exchanger stinecby
carrying construction

Fig. 4 Isometric view of the heat exchanger

5. Application of potential method for decision
making of hanging the heat exchanger

As there are more solutions of hanging the pack o
heat exchanger, it is necessary to decide whichtone
use in practice. There are two basic solutions,asd
that IS '.[WO Vana.nts in which this paper is b_as'E_Ide Fig. 6 Hanging variant of the heat exchanger stinechy
first variant consists of support and steel prsfilghich strengthening of bearing chamber
also represent an independent construction, Figure

The problem with the first variant is the
Variant two is related to the strengthening of manufacturing of a new steel construction, while th
bearing chambers of heat exchanger with steeldmar, biggest disadvantage of second variant is largeuaino

the exchanger is carrying itself, as shown in Fegar of welding on the pressure part, which can causeser
in production.
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To perform the evaluation, it is necessary to get a place of mounting, and the eighth criterion pres¢hée
many possible advantages and disadvantages of eadhchnical characteristics of beams. Table 1 prestet
variant. There are several criteria for evaluation, relations between certain criteria:
namely: finance, transport, mounting, dismantlimgl a

maintenance, material, etc. Table 1. Relations between certain criteria

Relation in regards to aim: Hanging
To perform the evaluating with the potential | Criteria | Assessment| Criteria | Assessment
method, it is need to include relations or ratiesAeen PR:MO 1:2 WE:ER -
the values of two criteria. To choose a variant,| pr: WE 1:2 WE:TR 31
computer software for calculate by potential method[ pRr: M| 21 WE:MA 21
wasused. _ PR:ER 13 WE:MS 4:1
Following criteria are used (in brackets are the['pr-TR 21 MIER 14
names used in the hierarchy): PR-MA 12 MITR :
1. price of labor (production) PR-MS 21 MIEMA 13
2. mounting, dismantling (mounting) MO: WE 21 MIEMS N
3. the complexity of the welding process MO: MI 3,'1 ER.'TR 31
(welding) : ' ; ;
4. maintenance (maintenance) MOjER . ERjMA 2'.1
5. errors possibility (errors) MOjTR 21 ER?'MS .2'1
6. transport (transport) MO:MA _ TR:MA 12
7. price of materials (material) MO:MS 2:1 TRMS 2:1
8. load of steel construction (weight). \F’)\QE: ':)/lr:)duction M%j mounti'r\l/éA;/'\\//'Es i - —
The first, third and seventh criterion is directly mgm_terﬂzgge ER —errors, TR — transport, Mhaterial,

related to finance during mounting and production,
while the first and third criteria is relating tdet
availability of production capacity.

Using relations from Table 1 in the program for

calculating with potential method, values for each

The second and fourth criteria is relating to the ojierion was obtained. After calculating all thiteria

accessibility and the ability to the facilitate nming

of the hierarchy (Figure 7) it is obvious that the

and dismantling at the field, and maintenance whichgyonqest criterion is the possibility of error fwitalue

greatly affects on the respect of terms of work.
The fifth criterion relates to reliability, a sixth
criterion indicates the possibility of transport tioe

Hanging
IR:-
X -

W=1000

Hass

e RO |-
- 0000

Ermors Haterial

R 000000
XA 75000

Transpart

<o ROQO00 |f--eene
X250

Haintenance

Hemeeee ROO0000 [f-oeeee
X-16700

Production
RO |-
K-

Welding

| e T
1 50000

[daunting

R 0.00000
X AITE

o e

e W= 0200

e Bl e

=005 1208 W0 w=oi malwe=om |

ariant2
Roo0000 |1

X

Yariant 1
R 0.00000 1=

X072

W=0478 W=052%

Fig. 7 Hierarchy after ranking
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of 0,283. Figure 8 shows the relationships amdreg t
entered criteria. Table 2 presents the ratios lexivilee
variations for each specific criterion.
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Production solution was defined. Figure 9 shows the values of

N

each criteria which are obtained based on the ratio

between each of them. It is expected to be the most

important criterion is montage, welding and the
00 possibility of errors, which was shown whit this thned

too.

Mass

Welding Material

2,000,

3,000 2,000

2,000

0,000
4,000 \l %uo

Errors

Fig. 8 Relationships among all criteria

Maintenance

Transport

Amount

The first variant of hanging is better in only two
criteria, and these are welding and the possibaity

—

®
& ©

© \‘f&\ b&o & o S
error. But these two criteria have the highest @ako A & S
they are the most important. Criteria N
Table 2. Relationships among variants for all dater Fig. 9 Amounts of all criteria
Criteria | Assessment
In relation to first criterion: Production Based on the ratios from Table 2 and using them in
V1:V2 l 1:3 the program for calculating, the final decision was
In relation to second criterion: Mounting obt_ained. As it was expected, _the results showad_th
V12 || 13 var!ant 2 is better than the first, although _thfstfl
In relation to third criterion: Welding variant was much better at the two most important
V1iV2 || 21 criteria. So, it was decided to use variant 2 (FedLO).
In relation to fourth criterion: Maintenance
V1:V2 | 1:1
In relation to fifth criterion: Errors 0s1 |
V1:V2 | 3:1
In relation to sixth criterion: Transport E
V1:V2 | 1:3 £
In relation to seventh criterion: Material =
vive ] 1:3
In relation to eighth criterion: Mass 046 4 :
V1:V2 | 1:4 T e

Fig. 10 On the basis on set criterias, variantéhizssen
Solution showed that the variant 2 is in advantage
regarding to the first, and it is decided that @ati2 ~ References
will be used in practice.
[1] Weichrich, Koontz, The process of making is the
6. Conclusions choice of action modes among several alternatives
[2] http://en.wikipedia.org/wiki/Decision_making
Valuation models commonly used to confirm a [3] Y. Hatamura, Decision making in engineering
decision that is already assumed. From Figuresdséan _design, Springer-Verlag London Limited, (2006)
it is visible that variant 2 is in advantage inaetyto  [4] L. Caklovi¢, Decision making by potential method,
variant 1, because of its dimensions and the number Zagreb
used parts. On the basis of set criteria, and thd®] http:/desision.math.hr
advantages and disadvantages of each variantegte b
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Dependence of the surface roughness profile
parameters and vibration parameters in awj
cutting
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Abstract

The paper deals with relationship between the petens of the roughness profilRg Rg R2 and vibration parameters
(velocity, acceleration). Experiments were conddidd¢ measuring vibration and ultrasonic emissionsng cutting
aluminium at different traverse speeds cutting h&dface roughness parameters were measured bptial non-
destructive methodl'his document aims to highlight the relationshipAgen surface roughness and vibration.

Keywords: hydroabrasive cutting, vibrating analysis, surfexq@graphy

1. Introduction materials causes the mechanical oscillations and
vibrations. In addition to the adverse effects ibfation

The abrasive waterjet (AWJ) is a non-traditional in the cutting material they bear important infotioa
machining method that was developed in 1980s. Itd0 study the cutting mechanism, where the immediate
main principle is that the high speed jet si fornigd  state of the technological process can be monitored
means of a transformation of hydrostatic energy andlaking into account that the material is subjected
material is removed by micro-cutting of abrasive high-speed erosion power, the use of vibration el
particle, erosion and impact effect of AWJ. Witiqure ~ for the application and monitoring abrasive waterje
machining method, lesser cutting force and no thérm cutting is accurate. It should be noted that theations
influence on target material, the AWJ has a widgea record the waves that are generated by local
of machinable materials. AWJ has been widely used i deformation of the stress on materials [6]. Several
machining materials such as titanium, steels, brasgfforts vibration analysis applications, or acousti
aluminium and that technology is widely employed in emissions have been processed in the works [2fo[3]
industry. on-line management and monitoring of the immediate

AWJ has still some limitation such as bigger stat of surface morphology created by the AWJ & th
specific energy consumption. To improve machiningworks [1], [4], [3].
cabability and utilization, many investigations on .
machining mechanism were developed over the past 2. Related and previous work
decades, such as erosion model of AWJ and impacting
erosion model of brittle materials. Based on these In that field of the research with the aim to impzo
investigations, several novel and effective techeimjof ~ the abrasive waterjet cutting performance was neade
AWJ were developed, such as titled nozzle and rozzihuge research work. But in any scientific database
oscillation techniques. Until today the action Web of Knowledge, Scopus, Science Direct or Scirus,

mechanism between AWJ and target material still haghere is not any scientific report that deals with
not been obtained and explained. relationship between vibration parameters, AWJdiact

Therefore, we studied the process of abrasivednd finally surface profile parameteiRe, RgandRz
waterjet cutting starting to examine ways of usingSome partial research under supervision of Kovacevi
mechanical vibrations. Abrasive waterjet cutting of [9], Momber [8] and Mohan [11] has been done. In
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their research reports we can find the using ofustic
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spectra. Measurements of vibration had been regilgate

emission (AE) models of AWJ where the monitoring of recorded during the abrasive waterjet cutting.

AWJ dissipated energy has been studied by Mohan

[11]. Kovacevic used the AE in order to monitorioigy

Table 1. Experimental set up

AWJ drilling depth of cut [4], [9], [10]. Identifiation

Technological conditions

of different removal mechanisms by AE has been_Factors Unit and dimension _ Value

studied by Momber. And finally Mohan used AE for _Pressure p_[MPa] 350

monitoring of AWJ depth of cut. Kovacevi_c in 1995  (yifice diameter do [mm] 0,14 (inch)

reported the research work, where the verticalfat i

AWJ has been measured [4]. The aim of the Focusing tube d Tmm 08—1

experimental work was to apply for on-line monibayi lameter (Roctec)

of surface roughness. But they great deal to theareh Stand off distance z[mm] 2

field is now impractical to the erosive nature bet  Abrasive  (Barton MESH 80

AWJ [12], [13], [14]. Hence the first part of outugy Garnet)

is to bring a results dealing with finding of the Material thickness b [mm] 40

relationship  between parameters of vibration (aluml_num)

(acceleration and velocity) and AWJ factors. gt:(reaswe mass flow m, [g.min] 400
3. Sample preparation Feed rate v [mm.min?] 20, 140
The experiment had been carried out within the Environmental conditions

framework of academic cooperation between the Unitand

Department of Production Management, Faculty of Factors dimension Value

Manufacturing Technologies Technical University of

Kosice, with a seat in Presov, and the Institute of Temperature C[] 20

Physics, HGF, VSB - TU Ostrava in cooperation with

Slovak firms DRC, Ltd., Presov (Mr. Mikita), andeth Pressure p [hPa] 1007

company Technical Diagnostics, Ltd.,, Presov (Dr. apitude [m] 280

Adantik, Ing. Barto8), supported by the Scientific _ . -

Grant Agency in the frame-work of the project VEGA G€ogdraphical ; 49°0000°'N

location 21°1400'E

1/4157/07 where the main goal is to develop on-line
technology of the management of materials cuttipng b
abrasive waterjet (Fig. 1). The diagnostic measaram
of vibrations in the evaluation of the impact otdising
tube wear during abrasive waterjet cutting of alwmi
has been used to the precise cutting table from PTV
company, designed for surface application of theJAW
technology. The water pressure was generat-ed doy th
pump FLOW 9xD55 withv = 4.7 |.min* with a power
p = 60 HP. An Ingersoll Rand cutting head has been
used at the experiment. All samples have been
produced with a constant setting of input factdrab(e
1). Vibration measurement (data collection) was
provided during abrasive waterjet cutting of aluamn
Vibration sensors were mounted on the workpiece and
the focusing tube (Fig. 1).

To fix their position, the sensors had been attdche

i T &
Figure.1 Diagnostic measuring vibration during

cutting aluminium

to the adapter by a threaded screw M6. The absolute

vibration had been recorded - the surface vibration The vibrations at abrasive water jet cutting rugnin

sensors had been installed on site. The analysis wavith a new focusing tube (Roctec 100) and worn

transferred from the time (TIME) records and FFT focusing tube (after 60 hours of operation) were
compared. Data collection was carried by NI PXI by
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measurement system (a type of measurement card PXrofile in the initial zone (depth 4 mm) than ineth
4472B, 8-channel simultaneous collection, 24 bit[A smooth zone. Consequently, their numerical values
converter, sampling frequency of 102 kHz, the dyitam increase depth after the depth line situated im# m
range of 110 dB) and frequency analyzer microlog GX Figure 3 graphically interprets the plot of numatic
S. Data analysis was transferred by Lab Viewvalues in the profile roughness parameter values fo
Professional Development System, including Soundtraverse speed of abrasive cutting headvat 140
and Vibration Toolset and Order Analysis Toolseid a mm.miri*. During AWJ cutting of material on which
Aptitude Analyst SKF Condition Monitoring. As were fixed sensors on experimentally cut materials
sensors, accelerometers were used PCB IMI typdFig. 1) detect the mechanical oscillations. Figiand
607A11 with integrated cable (sensitivity of 100 mV 5 shows a comparison of the velocity signal in the
g, frequency range up to 10 kHz). Control - caliiorlm  range of traverse rate = 20 mm.min' (Fig. 2) andv =

- measurements have been transferred through th&40 mm.mift (Fig. 3). At traverse speed of cutting
spectrum analyzer (data collectors) SKF microlog-GX headv = 20 mm.mift is evidently seen the high values
S, the analysis of measured data was transferr@d viof velocity than on figure (Fig. 3). It can be cadsy

software SKF Aptitude Analyst. impacting of the abrasive particles per time udgnce
we may assume that there is a diret connectionematw
4. Results and discussion abrasive mass flow rate and velocity.

The hydroabrasive cutting of the material is 5. Conclusion
provided by the tool AWJ — abrasive waterjet. The
AWJ tool formation is a complex process in whicksit The experimental study deals with a closer
necessary to take into account several effectan&€dr understanding of the surface topography created by
tool consist of dynamically changing elements suchabrasive waterjet. How to split the sample matexias
water, air and abrasives. Current shape and energused aluminum, which was divided by the diferent
profile of AWJ depends on hydrodynamic factors suchtreverse speeds. This paper compares the results
pressure, diameter of water orifice, abrasive nfiass obtained by cutting the traverse speed 20 and 140
rate, diameter of focusing tube, focusing tube fleng mm.mini’. The results show a correlation with the
etc. Acting by AWJ is formed a new surface roughness of vibration that are generated by contac
topography which quality we can numerically expresshydroabrasive flow with material. In hydroabrasive
by surface roughness profile paramef®esRqgandRz  cutting vibrations have the same origin as the
[[Im]. Accompanied feature at AWJ cutting of material parameters of roughness profile.
(creations of surface topography) is generationai$e Based on experimental measurements of surface
(Laeq [dB]) and vibration parameters {(m.s'] anda parameters and vibration when cutting aluminium we
[m.s?]). Both that is considered to be as a ,negativecan conclude:

feature of the technology" are carrier of the infiation - the existence of dependency between the profile
about the processing of the material in real-tirme. roughness parameteRa, Rg Rz and traverse
order to find a relationship between the surfacalityu speed is confirmed,

and vibration the measurement of surface profile - the existence of dependency between the profile
parameterska RqandRzand vibration parameters of roughness parameteRa Rg Rzand and mass
the experimentally made cuts have been provided. On flow of abrasives confirmed,

following figures 2, 3 are graphically displayeatsl of - measured sighals have a non-periodical
real topographic function obtained by non-contact character.

optical measurement Microprof FRT with cooperation  This is a first step towards closely understandifhg

with assoc. prof. Ing. Miloslav Ohlidal, PhD in VUT cutting mechanism of material and improving of

Brno. cutting performance of abrasive waterjet technology
Profile roughness parametedR®, Rq and Rz [[1m] In the future it is necessary to focus on the

were measured in 41 depth lines. Observed vaRas decomposition of FFT and continue measurements at

RgandRz[[Im] for the traverse speed are interpreted different speeds depending on confirmation of the

in Figure 2 and 3. Figure 2a shows the plot ofaef displacement parameteR®, Rg Rzto vibration.

profile parameterfa RgandRzobtained after cutting

with traverse speed of = 20 mm.miff. On the chart

graphs are seen that the parameter values arerhighe
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Abstract

Production companies meet with the business decisfodevelopment of a new product as a great filghnc
venture. _In order for the product to realize the long-teinahcial plan of the production company, it hasldosome
additional research of the market. The completegs® of development of the new product, which ésrésult of the
market research, is a demanding and gradient rdex$evfinal goal is to realize the desires and neédke utmost
users, but also his financial gain of the compaseifi The article analyses the role of marketimghie development of
the new product on the principle of the productimmpany Chromos Svjetlost d.o.0., with a speciahogw on the

development of the new product based on water “Agtia

Keywords: New product, development and the processes ofahelabment of the product, marketing, strategy @ognotion

1. Introduction

Each production company that engages into the
process of the development of a new product must be
ready for great financial investments in the market
research. Some of the inevitable issues in a
production company are: to find a product that is
favorable for development, why produce it, how to
produce it, how good is that project for the compan
what its losses are, and what the gain of the new
product is. A big issue is why do the companies
produce new products and expose themselves to a
huge financial investment and risk, when they dam |
of the present products that have already achieved
their reputation and position in the market? The
answer to that is really simple- competition. The
competition wants to occupy a better position than
their rivals and by placing the new product it vearat
launch a competitive product and occupy the leading
position. That is the main reason why the companies
go into financial risk and develop a hew product.

2. New product
2.1. Meaning

It is constantly pointed out that the relationship
between the new and the old products (innovation
rate) is in a permanent increase during the lashdis
and that in the future, only companies that willdide
to develop new products and import them into the
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market, can count on survival [1]. Also, of all riog

of development of products, the development of new
products is the most responsible, the most complex,
but also the most efficient area of product poliay
the business policy of economic organization. [2] A
great advantage of each production company is a
direct and intimate relationship with its customess
that they could react in due time and answer to the
market, i.e. to offer their customers the rightdurct.

As the customers are crucial in the life of theseeat
products, they are also crucial in the beginninghef

life of a new product.

2.2. Advantages

How can the company be sure that it developed a
new product, which will bring a large financial gai
It is a question that all production companies make
and in order not to come to that question, i.e. the
companies to be sure in their investment, they have
go through great steps before the launching ohéve
product in the market. The first advantage that the
manufacturers can have is the understanding of the
market on which they are present, and the knowledge
of the needs of their customers. On the basis of
listening to the wishes of the customers and
researching of the ground on which they are present
and also the one on which they are not, appears an
idea for the development of a new product. The main
advantage that a company can have to its compsetitor
is the primacy of placing the new product on the
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market accompanied by additional marketing
advertising as an announcement and accompaniment
of the placement on the market.

2.3. Disadvantages

According to various researches [3], it has been
established that new products are sinking to a
troublesome rate where the rate of failure of new
products for packaged goods (which are mostly made
of expanded present line) is around 80%.

Factors that can be responsible for that are:

« Highly influential manager in a company can
boost the idea despite negative discoveries
gained on the basis of market research

e The idea is good, but the size of the market is
overrated

e The actual product is not well designed

 The new product is not regularly positioned
on the market, it is not efficiently advertised
or is too expensive

e The costs of development are higher than
expected

 The competitors strike back stronger than
expected

The first and basic disadvantage that can be found
as a barrier in the development of a new product is
insufficient knowledge about the product itselfdan
rough competition that is already on the markehwit
the same product, and therefore you need to fight f
the parts of the market with a risk of reducedirsgl|
and reduced gains from the product. Each new
product requires great financial investments in
machines, raw material, development technologies
and various marketing investments for advertishey t
new product. Only particular production companies
can withstand such investments because some of them
simply do not have enough capital to bear investmen
into the development of a new product.

3. The development and the
process of development of a new
product

Each production company has to include all the
processes that accompany the planning of the
development of the new product before the
development itself, so that it could come to a ifqyal
product on a legitimate and rational way, in
accordance to customers, and on the benefit for its
company. What has to be considered is that “a
process, even if it is ideal for one company, it sw
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good for another” [4]. No production company, not
even the analyzed Chromos-Svjetlost has such
prestige or the financial background so that itldou
allow the development of a new product without the
prior process of planning and narrowing the chaite
ideas of what and how to fabricate. Chromos-Swétlo
Company is guided by basic processes that are
essential in the act of realization of the new paid
and those are:

* Generation and selection of the idea

How to go for the right idea and how to recognize
it in a large number of offered ideas, is an imaott
guestion and a big decision.

Each company, as well as the analyzed one, which
deals with production, has a team that is respémsib
and takes part in the final decision making for
developing a new product. The idea of a produtieto
fabricated can come primarily from the market, and
the utmost consumers, commission agents, and the
employees themselves. Ideas that come into a
company must be audited, because if all ideas would
pass and tried to be realized, it would come to the
firm’s bankruptcy, due to the fact that it simpigutd
not bear it financially.

broj prijedioga
60 f #

40 50 g

70

80 90

100 24

Vrijeme

o ———

Fig. 1. Selection of ideas

» Concept of the new product

After the company has made the decision about
which idea should be taken as final for manufaowiri
a new product, the next step in realizing the idea
through a complete product is the data about what
wants to be manufactured? According to the amicable
idea, we already know what the final product could
offer and what can be expected from it, but theee a
numerous other questions that need to be answered.
The next thing we are interested in as product
manufacturers is for whom is the product
manufactured? Who is going to use it? Children,
adults or older people? Which age group, and when?
There has to be a ready answer to all those quesstio
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so that the placement of the product on the market
would pass using as little effort as possible and
accomplishing its goals.

* Marketing strategy

By testing the concept of the new product, we
come to cognition about which products to go to
realization with. Also, it requires preparing a
marketing strategy for the new product. As it is
important to make a concept of the new produdgs it
also equally important to make a marketing strategy
for the new product.

According to Kotler, [3], a marketing strategy plan
consists of 3 parts:

1. Perceive the size, structure and behavior of
the target market; plan the positioning of the
product and the selling, realization of a
portion in the markeaind profit during the
first years.

Plan the price of the product, distribution

strategy and the budget for the marketing in
the first year.

A plan of long-term selling and profit goals,

as well as the marketing mix during that time.

¢ Business analyses

For each new product, the company must estimate
the positioning on the market; identify the target
group of customers and possible gains through rarke
placement. Besides that, the company must include
the costs of all company departments and in thgt wa
have a clear vision of the possible business with t
new product.

e The development of the new product

When the results of the business analyses of the
new product meet the requirements of the company
management, then the realization of the new product
development can begin. During the initiation of the
new product development, true costs are realized,
where the company brings the initial idea of the
product into a technically deductible and
commercially pay out product. When the technical
development of the product is finished and all the
parameters for the quality of the new product are
tested, the company invests additional financiaéts
into the marketing of the new product.
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* Market testing

Companies think of various ways of market
analyses with the intention to set up some general
tendencies, requirements, wishes and market needs f
a company’s new product. The tested company
invests financial assets into presenting the protiuc
target groups of consumers (for example constrctio
builders) from whom it gets timely information diet
new product, competitors as well as suggestions for
the product improvement. That way the financial
assets are more focused towards the improvement of
the product and it can be influenced on the blagkin
of a bad product on time.

4. New product marketing

Each production company must ensure factors of
manufacturing quantitatively and qualitatively paep
the distribution channels, make a network schedtile
promotion activites and start up a product
commercialization process for the refund of the
invested financial assets. For the act of putting t
product on the market, it is necessary to lookhat t
market situation, name the product, protect theenam
set a price, market placement, corresponding
packaging and to make a strategy of market
appearance. | am giving examples of the new product
marketing on the basis of the product “Aqualux” in
the company Chromos Svijetlost.

a. Product name
Name of the product is a very important and
difficult decision of each production company

because choosing a wrong name can make the
breakthrough of the product almost impossible, as
well as it can create a large financial loss. Theve-
mentioned product of the tested company is closely
related to the concept of water that is added, taniti

it also involved the word water in it. Table 1.sl®ow
the suggestions of the marketing department for the
new product.
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KROVIFO IME
HADVAD
H20L
AQUABLIC
PRIMAGTA
AGITAS
AQUALOOE
LQTTALTIE
AQUALINE
AQUASET
AQUASHINE
AQUTARELL

e

= == T e R = R B L R e

—_
=

—
—

Table 1. The suggestion for the product name

b. Strategy and prices program planning

Thanks to a good market position of the tested
company and its good accessibility to each pathef
market, in the domicile as well as in the foreign
market, the strategic plan of the new product’s
coming out on the market is partly made easier. Due
to good business and partnership relations with the
consumers, the new product can be very easily found
on store shelves. The goal of the plan is a complet
supply of each store with new products and promotio
materials so that everything could be offered to
customers at once (table 2.)

STRATE GIE KT PIAN PREINOST

Fonnirange cijena Pomurranje cijena Kordamencije

Iorads dizana novog proimods

Orgarimranje dicorinacije

Trostava nmorsk o apcima (imrods (ima radowa)
Opskaba strateskib trgeving £ nowin proimodon

Pomvsrarge dizupa kordomencije
Postojeds distritivig mreds

Dobivanje hree: povrame ffoomacije

Il Rl o

Pogjedorramje prodafnog prostoran
rEovinama

>

Opskaba stratedhib trgoving promuotivedn materijaling
T. Orgardmiranje pre Tntacija novih projmods po sratedkim
gradonima

Frfoomacija lnmpeina ra lion myjecta

Direkitno upomavanje imodads sa
loralitetoan i pritjenorn proimods

. Postepeno 1wodenje novog proimoda 1 manjim trgovinama

Q. Throdimje srofrog ndjare Targa auwog projmoda Pogjedonranje strojews tua doshafern i
o v

Opelrba nijateama prije kondamancije

10, | Theodemge dodandh mdjaei iz tonlarte 1 trgowdte, vl o
prirehana rHsta

11. | Theodenje niovih projmods ha o triicts (pla
strategije prama plam strategije na dornad am tritid)

Table 2. Strategic plan of the placement of the new
product on the market

Tetin kian iha domhadem trifidn

According to a made strategic plan for the
placement of the new product on the market, thé nex
step is the price forming for the new product @abl
3.). The decision about forming of the prices hasrb
made easier insofar as the competitor's prices are
known, but special attention should be added to the
fact that each market, regardless of the goodsishat
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sold there, knows the escalation of the pricensfex
prices, dumping prices and the black market.
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Table 3. Compared prices of the competitive
products

Product prices are guided according to the prices
and quality of the competitive products, but witte t
awareness that this is a new product that yetdhas t
accepted on the market.

Promotion

In order to completely organize the promotion of
the new product, a plan for the promotion needseto
made.

The plan consists of:

» Idea for the arrangement of the new product
» Advertising material

* Presentation

* Radio-campaign

» Billboard campaign

* Survey

Distribution organization

Quality organized distribution channels make
possible for the company to decrease overall custs,
boost competitiveness of the assortment and to
gualitatively and quantitatively approach a much
larger market, which is in the terms of a strong
competitiveness very significant. It is of great
importance for the company that the product be made
available to the customers as soon as possiblehwhi
is achieved by choosing the right distribution ahela
(picture 1 and 2), which will ensure that the prctds
available, visible to the customers, i.e. in thghti
time, on the right place, with minimal costs, ahé t
customer’s satisfaction.
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N2

Fig. 2. Goods movement through the direct
distribution channels

TRGOVINA NA
WELIKDY

\$%

Fig. 3. Goods movement through the indirect
distribution channels

The core presumption for the decrease of the
distribution costs is to realize an optimal numbér
arbiters in the exchange, and namely those arbiters
who will do the arbitrary activities as efficiens a
possible and with lower costs with regard to other
arbiters.

5. Conclusion

Today appears a much larger number of products
that are adjusted to the requirements of the over
populous and over demanding market. But, with the
exception of that, we are facing the fact that lifee
expectancy of the product is becoming shorter, and
the need for new kinds and varieties of the prodkict
increasing. As a reaction to that, the production
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companies must invest into the development and

marketing of the new products and in the shortest

possible time offer the market what it needs. As

consumers are those who dictate the market demands,
the companies must be constantly present on the
market and move along with their competitors or

better to say, go a few steps ahead of them.
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Abstract

Failures of turbine blades are identified as thedileg causes of unplanned outages for steam turbioethe safety and
economic reasons it is very important to detectalde failure in its early phase. Namely, turbiperation with rotor blade failure
can lead to catastrophic turbine damage and als@aase serious injury or death to anyone unfoteuenaough to be standing near
the turbine at the moment of failure. Obviouslad# failure detection is a very serious matter, madhines that are suspected of
having a blade failure must be treated with theastmespect. This article presents a case hisfadiagnosis of steam turbine rotor
blade breakage using continuously collected vibratiata.

Keywords: Vibrational diagnostic, Steam turbine, Blade bregkavlachinery management system, Maintenance

1. Introduction

It is well known that catastrophic failure of aalit amplitude and phase rotor unbalance vector. The
machine, large or small, can cause serious injury ounbalance is the most common rotor system
death, result in the total loss of the machinet slown malfunction. It is treated in all books which cover
the plant for an extended period, and be a publicfundamentals of rotor-dynamid&], [6]
relations nightmare. For these reasons, it is not This case history presents an example of diagnosis
acceptable to wait until a machine fails beforenfixa  of steam turbine rotor blade breakage analyzing
problem; the maintenance engineer must take &aontinuously collected vibration data. The steam
proactive stance. Namely, the maintenance engineeturbine drives a process air compressor whichviah
should have the sufficient knowledge to detect imach part of ammonia plant in fertilizer company
problems before they caused economic lossesPetrokemija d.d., Kutina, Croatia. This machindntra
associated with decreased plant efficiency, un@enn represents such large business risks including
downtime, damage, or serious loss of product{idh. economic, safety, government compliance, or

Failures of turbine rotor blades are identifiedl#s  production interruption that significant mechanical
leading causes of unplanned outages for stearmturbi failures cannot be tolerated. For this reason nmashof
For the safety and economic reasons it is verythis train are monitored by Bently Nevada’'s 3500ese
important to detect the blade failure in its egghase.  machinery protection system, which provides
Vibration monitoring system as a part of condition- continuous, on-line monitoring suitable for machjne
based maintenance programs assists in achievisg thiprotection applications. Also there is Bently Nex'ad
aim. Data Manager 2000 (DM 2000), a computerized

There are only a few articles which document themachinery management system which continuously
diagnosis of turbine rotor blade breakage based orcollects and stores data from all machinery praiact
vibration data.[2], [3], [4] All of them describe system inputs during transient operation, steadye st
diagnosis of this malfunction as a noted step charfg operation and when protection system alarms. Téiia d
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are used to evaluate the machine’s condition andcompressor. Machinery shafts are coupled by gear

diagnosis current machine malfunction. couplings. All journal bearings of the machinenrare
equipped with XY proximity probes for measurements

2. Analysis of collected vibration of relative shaft vibrations. Keyphasor transducaes
data installed on both the high and low speed rotors, to

provide phase locked speed and phase references. Th
train is monitored via Bently Nevada 3500 series
machinery protection system. This protection system
transmits the data to Bently Nevada Data Manager
2000 software which provides continuous machinery
condition monitoring and diagnostic capabilities.

2.1. Machine train diagram

Summarized in Figure 1, the train consists of the
steam turbine as a prime mover, driving low-pressur
(LP) compressor. This compressor is coupled to €
speed-increasing gearbox to drive a high-pressdirg (

21XE11941 21XE119-2 21XE120-1 21XE120-2 21XE122-1 21XE122-2 21XE123-1 21XE123 2
L 45° R 45° L 45° R 45° L 45° R 45° L 45°
21XE125-1 21XE125-2

-II-N KOM PLRI’D ESOR }X{-II

HP

As viewed KOMPRESOR

21XE1211 21XE121-2

L 45° R 45° 21XE126-2

R 45°

2XE124-1 ‘ 21XE1242 o e
\O/ L 45°

Fig. 1. Machine train diagram

into packs by means of strip banding (shroud). The
2.2. Steam turbine technical data turbine stator has a casing with conventional lootal
flanged joint and additionally one vertical joinhieh
The turbine cross-sectional drawing can be seerdlivide it into the front portion and exhaust endeT
on Figure 2. front end of the casing is cast while the exhaust is
This turbine is a typical design of a single-cyind of welded design. The turbine stator has inside the
condensing turbine for industrial application. ksh7 ~ housings of end sealing glands, diaphragms and thei
steam expansion impulse stages. Each stage is $ealing glands. All sealing glands are the lablrint
combination of a stationary nozzle cascade withtype. The housings of turbine bearings also belong
nozzles fastened in nozzle chest or diaphragmsaand stationary parts of the turbine. The front housing
moving blade cascade mounted on the next rotor disccontains the journal and thrust bearing and rea, on
The first stage is usually called the governinge(th only the journal bearing. Type of both journal begs
control) stage. The turbine rotor is a flexibleayfihe is tilting pads. Also the thrust bearing is tiltimgds
1% critical speed is below nominal running speed). Ittype. The rear-end bearing housing of the turbine
contains 7 discs which are forged integral withribter ~ carries the shaft-turning gear intended for sloming
shaft (there are not any shrink fit disk). The tneb  of the rotor at start up and shut down of the tuebi
moving blades are mounted in the grooves of theThe turbine has automatic governing system which
relevant rotor disk. These blades are tied at tidse contains four valves for controlling steam admisgio
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the turbine, a distributing valve lever driven byaek

from a piston-type servomotor and the Woodwardby the command of any turbine protection device (fo

TEAM 2009

stop valve for cutting of steam admission to thibine

speed governor. The turbine has also the steank quicinstance overspeed protection).

Fig. 2. Turbine cross-sectional drawing

The main technical data of the steam turbine 7

are showed in Table 1:

Table 1. Technical datg7/

N Name Data
0
1 Type Axial, impulse,
condensing turbine
2 Rotation direction CCwW
3 Number of stages 7
4  The 1st critical speed 3300 rpm
5  The 2°critical speed 9750 rpm
6 Inlet steam condition
- Pressure 39,7 bar abs
- Temperature 395 °C
- Flow 46,12 t/h

Exhaust steam 0,14 bar abs
pressure
8 Outlet power 9895 kW
9  Operating speed range
- Nominal 6190 rpm
- Maximum 6500 rpm
- Minimum 5260 rpm
1 Rotor Integral  disk
0. type
1 Type of journal Tilting pads
1. bearings
1  Type of thrust bearing Tilting pads
2.
2.3. Short chronology of \vibration

incident
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Until 16 July 2009 the turbine was running rather speed up the turbine rotor. When the rotor speed
smoothly with pretty low shaft vibration levels both reached 6335 rpm the vibration level on the exhaust
journal bearings of the turbine (aboutidfd pp). On 16  end of the turbine sharply increased on approxiipate
July 2009 about 8 o'clock am the turbine was sulgden 100um pp. It can be seen on Figure 3. Also in the same
tripped due to some process reason. While the rotomoment the vibration level on the front end of the
running speed was gradually decreasing the turbinaurbine increased on approximately # pp. DM
operator was trying to return the turbine in normal 2000 automatically collected the data during these
operation in order to continue the production pssce events. In order to identify source of vibratiomipiem
The rotor running speed had dropped at 1120 rpm. Atan analysis of the collected data was done.
that time the operator realized necessary conditton

POINT: 21XE120-1 /45" Left  Direct

From 02JUL2009 11:31:16 To 17JUL2009 16:28:34 Delta Time
Cursor: 02JUL2009 12:10:00 Max 15.5 um pp, Min 14.0 um pp. Avg 14.7 um pp

100

AMPLITUDE:
§ um pp /div

&t ] = e T

\ | | \ | \ \ | | i

e N L R O -
0z:00 0z:00 02:0 0z:00 0z:00 0z:00 0z:00 0z:00
03JuLzoog 05JULZ009 07JuLzo09 03JuULZ009 11JULZ008 13JULZ009 15JUL2009 17JUL2009
TIME: 12 Hours div
Fig. 3. Vibration trend plot
2.4. Data analysis within allowed tolerance (the®*1lalarm of vibration

level was 50um pp). Using a full spectrum plots
First, vibration data collected before the increase (Figure 4) the predominant frequency component was
vibration level was reviewed. As it was already synchronous with rotor running speed (1X). Also its
explained the overall shaft vibration levels onhbot level was very low (below 1Am pp).
journal bearings of the turbine were pretty low and
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POINT: 21XE120-1 /45" Left Sync WF Amp: 19.0 um pp
POINT: 21XE120-2 /45" Right Sync WF Amp: 18.2 um pp

MACHINE SPEED: 5864 rpm 16 JUL 2009 08:05:22 Deha Time
WINDOW: Mone SPECTRAL LINES: 512 RESOLUTION: 0.125 orders
SMPR: 128/ FS: 0-64X orders
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REV VIB COMPONENTS CCW ROTATION FWD VIB COMPONENTS

Fig. 4. Full spectrum plot

Bode plots for turbine shut down and restarts upcomponent on the front end of the turbine had m®ed
were then analyzed. These plots for speed range fro above 40Qum pp. A phase angle of each 1X component
1120 rpm to 5864 rpm did not show any significant had slightly changed. By analyzing the full spegtru
difference between turbine shut down and start upplots (Figure 7) it was confirmed that 1X component
dynamic behavior (Figure 5). However, Bode plots fo was still dominant (its amplitude was very high).
speed range from 5666 rpm to 6635 rpm (Figure 6)Acceptance region plots (Figure 8) also showed
showed that vibration amplitude of 1X component on significant increase the amplitude of 1X component
the exhaust end of the turbine had suddenly ineteas with a slight change of its phase.
above 80um pp. Also the vibration amplitude of 1X
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POINT: 21XE120-1  /45°Left  1X UNCOMP
From 16JUL2009 08:03:54 To 16JUL2009 08:08:25 Shutdown
Cursor: 11.1/255° 5864 rpm
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Fig. 5. Bode plot — turbine shut down and starts up

POINT: 21XE120-1  /45°Left  1X UNCOMP
From 16JUL2009 08:08:22 To 16JUL2009 08:08:29 Delta Time
Cursor: 8.13/246° 5666 rpm
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Fig. 6. Bode plot — turbine start up
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Fig 7. Full spectrum plot

Fig. 8. Acceptance region plot
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According to the vibration theory 1X vibration which is the most common rotor system malfunction.
component is primary symptom of rotor unbalance, However, there are many other malfunctions that
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produce 1X vibration. Thus, to properly diagnoseve  shroud. Based on this experience the gear coupling
described problem, it was important to understantti b  problem was also excluded.
the mechanism that produced unbalance and the other Shaft cracks usually cause changes in 1X
malfunctions that produced 1X vibration. amplitude or phase over time. In the first weeks to
It is well known that vibration is the ratio of the months of cracks propagation, the 1X response lysual
acting force to the dynamic stiffness of the ragstem  changes slowly. In our case it was not noted aaw sl
[1]: changes of 1X amplitude or phase over time. Acguall
1X amplitude and phase before sudden vibrationl leve
Vibrati Force change were more or less stable. It means the shaft
ibration =— : crack problem did not cause the rapid change of 1X
DinamicStifness vibration.
) If a part shifts position on the rotor, the unbalkan
o S ] distribution and resulting 1X vibration responsettud
Thus, a change in vibration indicates that either t 4or will change. Since the rotor was integrakdigoe

force has changed, the dynamic stiffness has cbange ihere was not any possibility that loose part hadsed
or both. The force in rotor systems is most often g qden increase of 1X vibration.

rotating unbalance, which can change due to erazion Rotor rub produces changes in both the forces and

loss _of material or accumulation of foreign mateoa _ the dynamic stiffness of the rotor system. Because
rotating parts. However, most often, a change injnqlves rotor interaction with a hard constrainib
vibration is caused by a change in dynamic stin&s 150 introduces nonlinearities in the rotor syst@ine
rotor/bearing system. . result of these effects is a complex rotor dynamic
According to the above performed analysis it was ggponse that produces a wide variety of symptoms.
suspected that amplitude rapid change had beeedaus However, the rub is always a secondary effect ihat
by sudden loss of rotor blade and/or shroud band. caused by some other malfunction that reduces the
By analyzing, all other possible causes of 5 jjaple clearance in the rotor system. The reduce
increased rotor vibration were excluded. clearance can be caused by rotor deflection towsed
Measured mechanical and electrical run out of thestator, by out-of-position stationary parts, or figh
proximity probe tracking surfaces was acceptably 10 ipation. Based on the vibration data it was st
(about 6pum pp). Its primary characteristic is that it is that rotor unbalance was a primary effect caused by
constant in amplitude for all running speed range.sydden loss of rotor blade and/or shroud band.eSinc
Unbalance force, though, is proportional to theasgu \ipration amplitude was very high (above 100 pp)

of rotor speed, and it does not produce any déicta e ryp as a secondary effect had appeared vely lik
dynamic 1X rotor response at slow roll speed. Based However, it could not be confirmed by collected
this explanation and above analysis it was condude \;i ation data.

that run out was not cause of the vibration problem The most obvious conclusion based on above

A rotor that is bent, or bowed, produces 1X 5naivsis was a sudden change in the amount and
vibration, but unlike unbalance, it produces a Mgh  |5cation of imbalance had been caused by loss rotor
response at slow roll speed. Since the slow ralore — p54e and/or shroud band. Since the turbine operati
was very low the rotor bow as possible cause ofi hig yith rotor blade failure could lead to catastrophic
vibration level was excluded. . damage it was decided to put turbine out of opemati

Problem of the gear coupling between the turbineTne turbine was shut down. By analyzing Bode plots
and LP compressor shafts can cause 1X vibration tOO(Figure 9) for turbine shut down it was noted vhigh

Lock up of a gear coupling or breaking of a feW.resonant vibration peak (above 206 pp). This was
connection coupling bolts causes a sudden change 'Qet evidence that the rotor balance had changed.
1X vibration. However, this change usually is not s

big as in a case of sudden loss of rotor bladeoand/
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POINT: 21XE120-1 /45" Left 11X UNCOMP
Fram 16JUL2009 16:48:30 To 16JUL2003 16:58:06 Shutdown
Curser: 105/224" 5445 rpm
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Fig. 9. Bode plot — turbine shut down

The rotor was replaced with spare one. The unit
was placed back in operation on 27 July 2009, #fier
repairs were completed. Vibration levels were ailtl s

The turbine had to be repaired quickly, in a single are pretty low and acceptable. Current vibratiorele
shutdown. On-site engineers planned for a fastare about 15m pp.
turnaround. They prepared the tools, material and
manpower they would need according to the anabfsis 4. Conclusions
the problem. When the turbine was shut down, the
maintenance crew was ready to perform the repai. T

3. Fact-finding and turbine repair

In this case history a diagnostic process of steam

turbine casing was opened in next two days. TheaVis
inspection confirmed that two blades with relatexitp
of shroud band on the™Srotor wheel were missing
(Figure 10). Also it was found signs that the rdtad
rubbed against the diaphragm band.

Fig. 10. Blade breakage

turbine rotor blade breakage detection was predente
Based on sharp and rapid change of 1X vibration
amplitude and phase on both turbine ends the faligw
hypothesis was formed: this change had been cduysed
sudden loss of rotor blade and/or shroud band. Then
this hypothesis was supported by vibration datackvhi
were showed on suitable plots. Also the other |bessi
causes of 1X vibration were excluded by analysis of
vibration data and their known symptoms. Finalhe t
hypothesis was verified by visual inspection of the
turbine rotor.

Diagnostic of the real cause of the sudden increase
in vibration helped to avoid a possible catastrophi
failure and significant loss of production. Alsoeth
diagnostic allowed the problem to be precisely
identified so that the repair could be well orgaaizOn
this way the turbine was repaired in the shortest
possible time and it was placed back in operation
without vibration problems.
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The most often a rotor blade fracture starts with a
small fatigue crack. Under operating loads thickra
slowly grow until the remaining, reduced cross
section of the blade is unable to withstand thécsta
and dynamic loads that are applied to it. When this
happens, the blade will fail in a fast brittle friae
mode.

Blade bending stiffness is related to the blade
cross-section area. As a crack propagates acress th
blade, the remaining cross section becomes smaller
and bending stiffness of the blade decreases. alatur
frequencies of the blade are affected by changes in
blade stiffness. This fact can be used for early
diagnostic of initial blade failure caused by fatg
Thus further work regarding this issue can be
development of suitable on-line monitoring system
for early diagnostic of blade failure based on a&bov
described fact.
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Abstract

In this paper has been shown to generate parammetdel of a friction plate coupling on the basissefection type
coupling with all the characteristic of the desigpidetails and calculation. It is made a parametaclel of a friction
plate coupling those changes by entering the typeoopling. Based on the entered data to generalcalation
finished friction plate coupling Based on [1] that describe each type of coupling and provides an example of
the calculation with the corresponding tables, in the paper was made parametric model of friction coupling.
The calculation is made in Excel and the parama$sociated with the CAD system based on parametielimg
features. Generating the appropriate value tymgidri coupling in Excel, CAD system parameter adjube model
generated the type of coupling. It is also desigimecbnnect Excel with Word so that the resultshef calculation are
automatically changed by changing the type of doggh Excel.

Keywords: Theory design, modeling, conceptual design, fiittoupling

1. Introduction

The two group’s overviews are significant for the
conception stage: overview function and overview
form [2]. In the structural process, products can b
presented as a complex technical system [3]. Each
product, as a technical system, has its own functio
Function makes the link between the application and
forms, achieving view on the abstract level. Inesrd
to achieve uniformity function, product featuresca
be described by the parameters [4, 5]. Parameters a
the basic physical quantities, derived in physsizés,
geometric sizes and physical constants. Geometrical
sizes are generated by CAD systems based on
parametric modeling features. Using CAD parametric
modeling system based on features generated by
physical product structure that consists of compute
models put in their geometric and dimensional
relationships. Physical structure of the preceding
functional product structure. Linkages between
functions and forms can be generated using thexmatr
method, such as morphological matrix [6] or matrix
product features and their application [4, She
connection between function and form in the matfix
product features and their requirements is defibgd
the mathematical model and using the parameters of
which describes the functionFeatures that are
generated by CAD systems, using mathematical
relations and ratios, it is possible to connectach
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other and describe the parameters in such a wggtto
parameterized model that allows, using variant
construction, getting a new but similar structural
solutions where the primary function does not cleang

2. Theoretical basis of the

science of designing

The task of design process is to create an optimal
product in proposed circumstances in the shortessiple
time and with the lower costs [7]. Where the rofetle
constructor is to implement the adopted knowledge i
solving technical problems and optimizes the sotutiiven
in the limitations of materials, technology and mmmics.
Design is the intellectual effort to satisfy centai
requirements in the best possible way. This is the
engineering activities that affects on almost espfyere of
human life, based on the discoveries and the lafvs o
science and create conditions for the applicatibthese
laws on the production of useful products [8]. Many
authors describe the process of designing in diffeways
and from different aspects. Here are specified tial
features of the process of designing and constrscimrk
by Hubka [9]:

e Designing process is primarily a process of
processing and generating information, where is
based on the input request generates a set of
information which are describing the product.
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« Designing process is a synthesis of relatively well
known elements into a single unique, previously
unknown entity with demanding certain properties.
This synthesis requires a creative work. From this
follows an important feature of the designing
process - a man must control the process or have a
dominant share in the performance of necessary
actions.

* The process of constructing from a philosophical
view is also a cognitive process: the system
initially is unknown — is realizing, respectively
becomes known. On this basis we can say that the
theory of knowledge is also one source of general
laws for the process of designing.

« Designing can be seen as a learning process. Each
designing task can be solved in many different
ways, and may result with different mechanical
systems or circuits. That characteristic variety of
possible solutions depends on the amount of
product properties which should be determined in
the process of designing.

e Any designing process can be decomposed into
smaller units (stages, phases of the process,
operations) that make up the structure of the
process.

e High complexity of a mutually contradictory
requirements lead to the need for a multiple
repetition of a certain stages after the initial
abstractions and setting of assumptions while you
do not specify the required values. Iterative
process is one of the typical designing features.

« Up to now, mostly self-employed (within the task),
increasingly is turning to team work in which are
using the advantages of a large information
capacity and the mutual exchange of ideas and
procedures.

» Designing process is a very demanding creative
work, but should not be seen as art, but as a
scientific paper. The specific thought processes
(intuition, development of ideas) that cannot be
rationally explained have the characteristics of
artistic creativity. These procedures cannot be
formalized in order to create a comprehensive
theoretical view of design process.

Each product as a technical system can be repezksent
as hierarchically structured set of functions [], Botal
function of some product as well as designing smhstof a
technical system can be represented through aabparti
derivative (auxiliary) function within the overallesigning
task. Furthermore, partial functions can be separated
on the partial sub functions and so on, dependimg o
the degree of complexity of the product. Overall
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function, structure of the product we can display a
hierarchical (Figure 1.).

TOTAL
FUNCTION
— Partial function
pf1

Partial function
pfi

>

Partial function
pf il

P
Partial function

pfij

Partial function
pfim
-~ @@

— Partial function
pfn

Figure 1. Hierarchical overview structure of a ligtbunction
of the product

2.1. Variant design

The basic characteristic of variant structureshat the
basic functions and structure of products are defiand
they do not change, but it is possible to change th
principles of individual partial functions [8]. Theerm
variant design often includes technique of an aatapt of
existing construction solutions in order to satitig new
requirements and constraints [10]. In this wayait be got
new, but similar construction solutions. Howevdrere
remains the problem of finding similar designindgusons
in order to create a new variants of the solutions.

Mechanisms of finding similar solutions come in iaev
range of complexity from manual searching to autigna
identification. Modern commercial CAD systems ua® t
techniques that are important for structural maodglof
variant solutions: modeling features and parametric
modeling. Modeling features is the technique tHbwe
the user modeling by combining features that can be
understood as part of the building part of a d&bni
product or geometric understanding of the prodsiatli as
holes, slots, ribs, etc.) [11]. In addition to theedefined
characteristics, many systems allow users to detied
own features.

There are two basic ways of getting variant/paramet
design [11]:
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e generating new construction and modification of
existing (similar) structure

« placing the values of all parameters that are input
data to a procedure that creates a geometric model

2.2. Modeling features

Modeling with features (Figure 2.) is a modeling
technique that allows the integration of geometric
modeling and construction [12].

Geometrical
modeling

Modeling with
features
\% Library of |I
features

Figure 2. Modeling with features

;
i
i
i
i
i
i
i
i

i Model \
designedby )
features y

A 4

One of the characteristics of this technique of eting
is the data enrichment that is related to semantic
information display products. Additional semantic
information delivers advanced communications in the
process of designing [13]. One of the primary nations
for the use of the features was arisen from isselased to
planning and modeling processes of production (QAPP
using CAD system.

3. Theoretical basis of friction
coupling

Couplings are used to continuously or periodically
connect two shafts for transmitting torque torsiépart
from transmitting a torque, certain types of congé can
have additional function [9]:

« adjustment of the axis deviations of shaft incdirre
by inaccurate production, incorrect installation or
under the influence of load,,

 torsional vibration damping,

e reducing the oscillation and torsion torque at
startup and strike work,

e controlled or automatically establishing or
interrupting transmission of torque torsion,

e provision of overload or unwanted direction of
rotation and more.

In the application there are different types ofngs,
from the simplest rigid couplings to most compléezht
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friction and hydrodynamic couplings. Couplings che
divided by function into:

Rigid couplings
Compensation coupling
Elastic couplings
Diesengeable coupling

PwnpPE

Furthermore, the friction coupling can be divided
into:

Conical frictioncoupling

Plate frictioncoupling

Radial friction coupling

. Friction platecoupling

a) Frictioncouplingwith one plate

b) Friction couplingwith multiple plates

SIS

4. Elaboration of structural models
of friction coupling showing typical
details

During development of a model of friction couplingg
used substrate for exercise "Plate coupling” [fglusion
of a friction plate coupling generally boils thete be
connect the secondary side (driven machine withulkang
velocity) with the primary side of the coupling étlengine
angular velocity). Coupling must with sliding overoe
angular velocity difference, that is:

1)
(Angular velocity at the beginning of inclusion)u®to
the sliding friction torqueMy the secondary side of the

coupling acceleratesso thatAw becomes smallerand
finally becomes to zero. To poirtt coupling is
sliding. Timet,-t; is time of slidingt,. When coupling
is set (=) it is possible to transfer friction torque
M,. Friction sliding torqueMy is calculated by the
expression:

Mk =My + My, 2)
At the moment of inertia mass/, of secondary side

reduced to shaft coupling, followed the driven
momentum of acceleration mass by expression:

0, ~—w,=Aow =0,

My = 0, (092 = g, A% < 7 2k )
dt dt t

and time of sliding
2

tk:(mDD )2Eh)k:GDZDZEhk . )

4My, 205 My,

4.1. Selection of measuring friction
clutch
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4.2. The required number of plates
Survey couplings are chosen according to Table 1. coupling

Based on the calculated torque torsibh (the nearest

higher value in Table ). Based on calculated torque torsith) and selected
Table 1.Guide characteristics of a friction plaveing [1] coupl!ng itis calculgtl-ng the required number détes
Characteristios of Type of coupling coupl!ng The rema_mlng structural parameters_ c_)f the
coupling 10| 20| 30| 40| 50| 60| 70 | 80 coupling are determined by Table ZTorque of friction
. sliding M, (respectively torque torsion M. ) is
T°“§A”e arsion | 160 [ 200| 320 450 6ad 90p 144300 h _ _ !
iy NI calculated by the following expression
Approximated mass, 4 | J d
kg 6 | 65| 85| 165 209 245 49 6 M, =My = K [F, O (8)
£ A=d(H7) 30 | 30 | 35| 45| 55| 55 60 &d 2
E B 72 | 72 | 72 102] 102 104 12p 18B o )
2 D 136 | 136 150 183 194 209 268 317 Table 2. Survey shelter, plates and hub of fiictimupling
] J 85 | 85 | 85| 120] 120 12 14% 17p [1]
38 L 105 | 105| 123 155 154 176 206 2do o E—— e SHELTER
E K 100 | 100| 100| 140 14d 141 170 205 U S = O O A T
S M* 70 70 76 103] 1031 129 14 160 e e FEI T PV T [ S e————
g N+ 58 | 53 | 58| 78| 78| 04| 11] 11 e N T T e e o S
= T 32 | 32 | 32| 50| 50| 50| 55 74 P I e N T o s e R
3 U 15 [ 15| 15| 26| 26| 26| 26 30 o 7 ' U A
= Hod 12 | 12 | 16| 20| 20| 25| 30 39 — o o e [ PP e ] xR T
* It depends on the number of plates and is nééaleletermine with construction o :: e g uplur urlou Lk T
d, = [7] 92 2 1;9 159 120 153 188 } 1
Torque torsion is: = e e e
M, =M, =M, +M, =269.4 Nm () i - (I
T =2 42 42 42 20 39 30 47 43 b B, a ]
Angular speed is: 7 oo
[ >
o= wl = :llo ra’d /: (6) INNER PLATE EXTERNAL PLATE
30 -= HUB WITH LINING
Momentum of acceleration mass of secondary side ‘ — T e et o 1o
iS' ! i ﬁ sided sheathed
1 7= Ll
GD? I o
M, = =144.4 Nir (7) HEREr
alg g,
On Figure 3. guide characteristics of a frictioatgl Brim force (sliding force) F, depends on the
coupling are presented from Table 3. pressure forcer, and a friction factor of common size
(Table 3.):
F =F, 00 (9)
! = Table 3. Characteristics of the material frictionfaces [1]
SArmrmennn I
lowe:
o . Friction factor of friction tirfnfﬂ%?élr:re SUITEIE: Specific obsoletey
Material of surfaces u surfaces DIESSUIS in mm?¥(Wh)
friction Suopin K Pdop IN
surfaces MPa
1 y Work on dry | Work in oil Work on dry | Work in oil
STEEL/STEEL 0,1-0,14 0,06 -0,11 373 0,50 -3, 0,167 — 0§2670,035
‘ U STEEL/SB 0,25-0,4 0,08 -0,16 373 0,30 -5, 0,167 — 0J2670,035
T 1/2 STEEL/AT 0,3-0,% 0,1-0,2C 47 0,05-2,C 0,167- 0,267 0,067
L/2 L
Figure 3. Guide characteristics of friction plateipling [1] Number of friction plates coupling is:

The nearest value of torque torsion in Tahle 1 | = 14 plates.
is valueM,; = 320 Nm and the value of the coupling
type corresponds 30.
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4.3. Dynamic control of security
shaft

Stress shaft on twisting:
M
7, :Wt =38 MPa (10)

p

Necessary security:
Spost = Sdin:]-'843 > Spotr: 1 (11)

Shaft is good sized.

4.3. Heating surface friction

Frictional work converts into heat during the irsihn
of coupling t, =t, , or at an angle to the speeg =Q to

@, =a, and it is:

)
W, = ! My fo, - w,) dt =17600 1 (12)

From the heat balanag, = B, , respectively

1
o, (A, (9, -8 ) = Wrllz,3——

3600
(13)

Follows the temperature at the surface that isomact
with the surrounding air

=Ygl .9 =360 < Iy, = 373 K

4.4. Durability of plates

\Y

L= =7046 h (15)

R

After 7046 hours is necessary to make replacement

plates.

5. Modeling and designing of a
concept solution of friction
coupling

During the modeling is used software Autodesk

Inventor that based on parameters was associatadtha

program from the Office package, Microsoft Excel.

Workflow of the modeling friction plate coupling gumess
was developed in several steps:

TEAM 2009

* in Microsoft Excel was entered a tables with
values that describe a particular type of coupling

 then in a Microsoft Excel was created a
calculation based on the expresions given in the
substrate for the exercise [1]

e« After that, in Microsoft Excel was created
parameter ratios that describe some part of the
couplings

e parameter values from Microsoft Excel are
associated with Autodesk Inventor

» Based on these parameters are designed models of
friction plate coupling

Based on the above clarified steps it is made a
model of friction coupling (coupling type 3@ntering
a new data for a particular type of coupling in Mgoft
Excel, Autodesk Inventor based on changed datacvelite
a new model that will suit to preferred type of plbng.

5.1. Organizational structure of the
model parameters

Parameters are organizationally structured in ao$et
parameters (Figure 4).

Q O
Lo o )
e — ]
:
‘Hole for stud belt
‘Hole for shaft
i =
-
_.__1-[.;1e for profle _—Dumeler of smaller profile |c{
‘Hole for stud belt
-{m] Diameter of larger profile | <(_
Rounded radius
Pl ) R
Skew ofprofile
Stud bolt
Diameter
S
:
(e )
Fronta plate
Bolt
Moduleof teeth
Metric thread
D—“‘ -
Length
=t Metric thread
o shdmg e |
Moduleof teeth Innerskew of profle
TN
O O

Figure 4. Hierarchical structure of parameters
in the process modeling

5.2. Collecting data from the model
parameter
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Parametric three-dimensional model can be othar tha
geometrical parameters and user defined paramtiats
include information which are associated with thedei
(e.g., part number, creation date, etc.). In additto
numeric values (integers and real) user-definedrpaters
can take a text valueRarameters that was described the
pattern within the model can be defined as usearpaters.
For collecting parameter values within the paramete
three-dimensional model is necessary to have thenimg
information’s that are shown in Table 4.

Table 4. Information’s needed to collect the valuef
parameters within the model
Parameter Mame Unit Equation Mominal Yalue Tal. Model Walue
» _—_|-| Model Parameters
: Hdizo mm %15 1,000000 [@) 1,000000
Hdize ul * 4&,000000 O 42,000000
: Hdizz mm PVED <44,000000 [ 44,000000
Hdizz mm w32l 39,000000 @] 39,000000
: Hdizo mm %18 1,570000 [ 1,570000
Hdi1g mm *x03 78,000000 @] 78,000000
T Hdi17 mm %0z 54,000000 [ 5+4,000000
| IHd10s mm x01 £8,000000 @) 88,000000
T Hd1os mm %03 78,000000 [@) 78,000000
| I do7 mm x9 &,000000 @) ,000000
] H doe mm X6 5,500000 [&) 5,500000
7 | dos mm %7 &,000000 [&) ,000000
] H dan mm x4 14,000000 [@) 14,000000
7 | da7 mm w1z zul 19,100000 [&) 19,100000
] H dae mm %13 10,000000 [@) 10,000000
: | daz rm x4 35,000000 [ 35,000000
— de4 L =10 15,000000 O 15,000000
: I dea rm %5 + 30 mm 185,000000 [ 185,000000
Hds3 L 3 51,000000 O 51,000000
: Hdso mm %01 55,000000 [@) 35,000000
Hdag mm x7 ,000000 @) 5,000000
: Haa7 mm %9 ,000000 [ £,000000
Hdas mm ¥ {zul 12,500000 @) 12,500000
: Hdaa mm %8 25,000000 [ 25,000000
Hd43 mm x1df2ul 7,500000 @] 7,500000
: Hdaz mm %10 15,000000 [ 15,000000
41 mm *x03 78,000000 [@] 78,000000
T Hd14 mm %04 35,000000 [ 35,000000
| Hd1a mm x01-2Zul*x07 | &5,000000 @) 85,000000
] Hds mm %07 1,500000 [&) 1,500000
7 Hd7 mm *07 1,500000 [&) 1,500000
] Hds mm x2 25,000000 [&) 25,000000
7 Hd+ mm x1 56,000000 [&) 56, 000000
] Hdz mm %05 72,000000 [@) F2,000000
: Hd1 rm *06: 123,000000 [ 123,000000
—do L 01 88,000000 O 88,000000
: —HUser Parameters
= ul *#17 * 10wl #2,000000 O 42,000000
| ~/{oiFAKkUTET\zavrEn
H *01 mm 58 mm 58,000000 O §8,000000

Figure 5. shows an example of a parameter model hub
It can be seen that the dimensions of the hub efinat] by
the geometrical parameters fx: 88, fx 35, fx: 8425, fx:
72, fx; 6, fx; 7.5, fx; 15, etc. The user data (Use
Parameters) and parameters of the model (Model
Parameters) are in correlation.
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7 \‘lillllll/},
\ 4777227,

Figure 5. Model of hub

The following images (from 6. to 8.) show the
model of the friction coupling assembly. In Figie
is showna cross section of the friction coupling
assembly.
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Slika 6. Cross section of the friction coupling asbby

In Figure 7. is shown a friction coupling
assembly without shelter.
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Figure 7. Friction coupling assembly without shelte

In Figure 8. is shown a friction coupling assembly.

Figure 8. Friction coupling assembly
6. Conclusion

In the virtual model the solutions are implemegtias
a set of interrelated parameters, with the possibof
change the geometry and without changing of a rgéne
solution. This allows generation of a set of stouat
models according to the principle of similarity the
dimensional and visual sense, and differences ysipal
features of executive members. Parametric modeliogvs
constructors to their design ideas make into
construction of models.Geometrical sizes of a product,
such as the dimensions may vary at any time dutieg
process of designing and modeling. Parametric nroglel
works with creating a key form of the model witte thelp
of computer programs. Variables of model that are
described by sketches and parameter relations earséd
to quickly changing or modification the preferredadsl.
Parametric modeling is used in companies that aedirey
with a serial production of similar products, ashwthe
knowledge and skills in the reign of this form obdeling
can make a quick re-design of a particular proditst,
calculation, and complete technical
Parametric modeling significantly shortens the timoe
production of a particular model.
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Abstract

The main objective of this paper is numerical deteing of the value of stress concentration faetmund a shaft
with a hole by the finite elements method, anddbmparison of results regarding their accuracyhaftswith a hole

of certain dimensions with a ratid/D has been analysed in this paper. Furthermore,rgetigeory of stress
concentration factors has been described, and legsiations have been given. After that, a genezatription of

elements used in the analysis of a shaft with a Falows, as well as the description of finiteraknts used in this
investigation: Tetrahedratlement — SOLID 92 and Hexagonal element - SOLID®&utions gained by the finite
element method with the program package ANSYS &lshown and explained in details, as well as thehnaad

applied boundary conditions for each single problEmally, we compared solutions gained with theveomentioned

types of finite elements on the example of a shatih a hole for certain ratiod/D and values known from the
literature given by diagrams.

Key words: shaft with hole, finite element method, stress eom@tion factor, ANSYS

1. Introduction traverse of axially loaded element is based on the
hypothesis of equally distributed stress along the

Shafts carry static or rotating machine parts, agh section. With elastic beam stressed at bending, the
belts, wheels, rotors and the like, and these partexpression is based on the distribution of stréssga
constantly rotate and transfer rotating moment.ftSha the section, so that fibers far from the neutraitise
are usually stressed by bending and torsion (andaxis have greater stress that is to say along rlinea
possibly by pressure, tensile or shear) [1]. distribution [2].

Abovementioned machine parts have to be fixed on  Such cases can be in certain situations different
the shaft what is possible with many different ways from the real state and can largely differ in value
One of them is by bolt through the traverse hole inwhich is caused by [2]:

shaft. A shaft with a hole has maximal stress tlear e Sudden change of the section of an element
hole much bigger than far from the hole. This efiec which can be seen on the change of one radius
called the stress concentration. Nowadays, to another in a shaft, in a place of a keyway on
experimental methods and numerical methods are used a shaft, in the cog root of a wheel in a different
to determine the value of the stress concentration. shape of a hole in the plate, etc
Generally speaking, stress concentration is biggger « Contact stress in the application area of outer
the roundness radius of a hole or a groove is small stress, for example in contact points of an
engine and rails, and the like.
2. Stress concentration » Dislocation in material, for example, nhonmetal

. _ ) inclusions in steel, gaps in concrete and similar.
Expressions for calculating the stress size and . |njtial stresses in an element, which are the

construction element, and for a certain load of an (rolling).

element are based on the common hypothesis on gych conditions, which lead to the increase of

deformation, and are given in a simple form. THas,  stress, are called discontinuity. These geometrical
example, expression for determining stress along &jiscontinuities, thus, cause the increase of stretwir
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surrounding. Such large stress, caused byhole diameter is small in comparison to the plaidthy
discontinuities on a small portion of a construatio that is, ifd/b << 1, then we take into consideration the
element in the surrounding of a discontinuity, aled total width of the plate A=A, also including the
local or maximal stress or stress concentrations It
very difficult or inappropriate to do a theoretical
analysis in a case of very high surface stressubrh
cases experimental and numerical methods are use . -

Numerical methods, like finite element method |¢ad ?ollowmg equation:

approximate solutions. Experimental methods are a, = Omax — I 2)
limiting, but some of them lead to useful resulteese g, g,

are well-known methods: photoelasticity, methods of
elastic membrane, tensometry (the method of use o
strain gauges), method of electrical analogy, 8tess

influence of the hole, without any considerable
influence [2].
Stress concentration factor is expressed with the

If the value o, is calculated value of local

f . - .
(maximal) stress by elasticity theory or determined
concentration has an important role in designingapproxmately with experimentally gained results on

constructions. In static stresses, the occurrehtieese models, then, this facto.r is called theoreticakssr
maximal stresses may cause plastic deformations ifoncentration factor and is marked ag, (or K, Scc)
narrow section area, but it doesn't have to have anz].

important influence. In a case of dynamic stresses 3, Finite Element Method (FEM)

combined with stress concentration, especially

changeable stresses, which are corresponding to Traditional methods of solving the problems of
dynamic stresses, serious complications may appeagontinuous systems are based on solving differentia
Experience has shown that most cracks due to rahteri equations, which accurate analytical solution can b
fatigue in changeable stresses occur in areasr@dsst obtained only for simple calculated models. Getgral
concentration, which eventually can cause the limgak it is rather difficult to get a solution which fiil§

of an element. Detailed theoretical and practicaldifferential equation on overall area of a consider
research was done . E. Petersoiin the first half of  model. Thus, approximate numerical methods are.used
the 20" century. Figure 1 shows some geometrical They are based on discretion of continuous system,
discontinuites and the occurrence of stresswhere differential equations are replaced by trstesy

concentration [2]. of algebraic equations. Finite element method is a
. ‘ mathematical technique supported by a computer, in
T ITY) ey e order to get approximate numerical solutions of

differential equations which anticipate the resmon$
physical systems enduring external influences [3].

Gu=0,>0, ’ M
i

1 - T
| " N g
amo= (described with infinite
number of variables) .
TrrvIYYY rrryvrvny TrrrrTYy @ _g"
N N N :> 1 S87
2) hale b) groove c) stricture Into discretization model A A é‘é’ﬁﬁ_&
. . . L. of continuum (described AR
Fig. 1. Ggeometrical discontinuities and stress witn final number od
concentration [2] Actual model of continuum vanbles) Discretization model of continuum
Inhomogeneity of stress distribution around
geometry discontinuity, shown as stress concenfrati Fig. 2. Transforming real continuum model into
is expressed through stress concentration factor. discretional continuum model [3]
According to Figure 1.a, maximal stress in the eiat
O =0 ., while normal stress is: Considered continuum with infinite degreds o
max vr? : . . . . .
freedom of motion is replaced with a discretional
F model of connected elements with a limited numider o
g =— (1) degrees of freedom. In other words, the continutea a

A, ' is divided into a final number of sub-areas, whick
In it A, is net area of cross section of a plate, thatcalled finite elements. Thus, considered continuum
is, it doesn’t include the area of the semicirtfethe =~ becomes a mesh of finite elements (Figure 2) [3].
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Advantages: displacements in directions yandz axis. The element

e Irregular geometry is suitable for meshing parts of irregular shapes it

* Arbitrary load can be used in modelling plasticity, creep, large
Arbitrary boundary conditions deformations, etc. Geometry, the position of noalas
Arbitrary material coordinative system of this element are shown in

Disadvantages:

analysis using a package for the method of finite
elements [3]:

4. Description of elements used in numerical
analysis

4.1. Spatial finite elementsSOLID 92

Linear and nonlinear problems (geometrical Figure 3.
and material nonlinearity)
Static and dynamic problems

Solutions are approximate
Solutions depend on the mesh density and }»x
regularity of finite elements z
Possible errors in income information are

some_t|mes difficult to dlsc_:over' Fig. 3. Finite element SOLID 92
Solutions can not be reliable if a user doesn'’t

know the principles of the method of finitte 45 gpatial isoparametric finite element  SOLID
elements and the physics of the modelledgg

problem!

SOLID 95 is a 20-noded isoparametric finite
element. The element has three degrees of freedom i
each node, displacements in directiany andz axis.

The element can have three alternative shapes:
tetrahedron, pyramid or prism (Fig. 4). With its

' functions of shape, this element tolerates irregula
shapes of modelled components of a construction.

Milif[ir?grtirrllepgr]sgrrg(?gsks:ilr rg}?ggl\;fsg;fwgg%ﬂﬁ Finite elementSOLID 95can be used in modelling
~ . lasticity, creep, large deformations, etc..
some CAD program (CATIA, SolidWorks, P Y P, 1arg MN.0.P UV WX

Pro/Engineer, AutoCAD etc.) B
Defining material characteristics (diagram of

material flow)

Choosing the type of necessary finite elements
for the model description

Meshing of geometrical model into a mesh of
suitably chosen finite elements

Defining the load — concentrated forces and
moments, continuous stress, pressure, own
weight... ’
Defining boundary condlt_lons - flx_e_d and Fig. 4. Finite element SOLID 95
movable supports, wedgings, conditions of
symmetry and anti-symmetry

Calculation (solving)

Postprocessing: Analysis of gained results.

The order of solving problems in structural

Defining coordinative systems (rectangular
cylindrical, spherical, etc.)

Tezmhedmz Cption
MM.O PGV WX

&

Pyramid Optm

5. Numerical analysis of a shaft with a hole with
ANSYS program

Shaft models are meshed with two differenety/p
of finite elements and loaded by forces, moments an
rotating moment. It should also be pointed out that
model is free in space, that is, it doesn't leaaire

SOLID 92 is a 10-noded finite element. The anything. Figure 5 shows a mesh of finite elements

element has three degrees of freedom in each node,
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which is automatically generated. The mesh consists Figure 7 shows results of stress concentratioorfact
tetrahedral elements of second order — SOLID 92. a, = 253 for tetrahedral finite element — SOLID 92.

sy

ata;

VAVAV.S, IRIRTATS
Pk %ﬁgﬂﬁ%"%‘ﬁgﬂA
VA A o NAVAAS S VAT Ly
T SRS R KSR
R A

;AVA%MAY% ATAS
7w VS A 7
B

2,512586
195997
1,683663

00 30.00¢mm) i
——
15.00

Fig. 5. Mesh of model with finite eleme®OLID 92

1.407355
1131076
0,854738
0,302124

Figure 6 shows the mesh of finite element<kvig " — ""L
generated in a way that the shaft is meshed iahtedral Fig. 8. Results of stress concentration factor with
finite element — SOLID 92, while the area aroureltible elements SOLID 92 and SOLID 95
of 7. mm diameter is meshed by hexagonal finite eféa
SOLID 95. Figure 8 shows results for stress concentrégictor
a, = 251 for combination of finite elements SOLID 92

and SOLID 95.

5.2. Shaft loaded to bending

Figures 9 and 10 show the stress concentrator
distribution for the shaft with hole (ratid/D = 0,2)
subjected to bending for two types of elements. .

e 3
—
15

Fig. 6. Mesh of model with mixed type of finite
elements SOLID 92 and SOLID 95

5.1. Shaft subjected to the tensile loading

Figures 7 and 8 show the stress concentriztaor
for the shaft with hole (ratid/D = 0,2) loaded to the tensile
stress for two considered types of elements.

2,049794
1594774
1367262
1130749
0,912237
0,684725
0.220634

0.030(m)

0014

Fig. 9. Distribution of stress concentration facto
obtained by using of finite element SOLID 92

Figure 9 shows results for stress concentratidorfac
a, = 205 for tetrahedral finite element — SOLID 92.

.
0.000 0.040 (m)
)
0.020

Fig. 7. Results of stress concentration factdn wit
element  SOLID 92
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= >
SR

2,035398
1,583237
133713
113105
0,90497
0,67888¢
0226718

0.000 0.020(m) t b 0.000 0.030 (m)
Fig. 10. Distribution of stress concentrationdact Fig. 12. Results of stress concentration factdr wit
obtained by using of elements SOLID 92 and SOLID 95 elements SOLID 92 and SOLID
Figure 10 shows results for stress conceoirati Figure 12 shows results for stress conceoirati
factor a, = 204 for combination of finite  factor a, = 314 for combination of finite

elements SOLID 92 and SOLID 95. elements SOLID 92 and SOLID 95.

6. Comparison of results of stress concentration
factor gained numerically related to the results kiown
from literature

5.3. Shaft loaded to torsion

Figures 11 and 12 show the distribution ossir

concentration factor for shaft with hole (ratitD = 0,2), Table 1 shows results for the stress concémra
which is loaded to torsion for two types of elersent factor gained numerically for three different kird

loading and two different types of elements.

Tab. 1. Results of stress concentration factor

SOLID 92 and
SOLID 92 SOLID 95
Ratiod/D 0,2 0,2
" —— “‘k Type of Stress concentration facto
loading
Fig. 11. Results of stress concentration factdr wit Tensile 2,53 2,51
element SOLID 92 Bending 2,05 2,04
Torsion 3,17 3,14
Figure 11 shows results for stress conceoirati
factor a, = 317 for tetrahedral finite element — Figure 13 shows the diagram of stress coratemr
SOLID 92. factor for various types of applied loading knowont the
literature.
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1 Torsion

consideration their resistance to stress concéutrat
05 Steels of high strength are sensitive to stress
0 concentration that occurs on transitions from dmafts
0 005 01 015 02 025 03 035 04 diameter to another, along feather grooves and &edg
grooves, grooves for locks and the like.
To calculate the value of stress concentratiorofact
it was necessary to determine maximal stress around
the hole, which is divided by nominal stress, faowgh
In Figure 13 we can read values for stressfrom the hole. Nominal stress is determined by kmow
concentration factor for ratiol/D = 0,2, which is also €xpressions from strength of material. To determine
shown in Table 2. stress around the hole in all three cases of |tal,
finite element method (FEM) has been used.
Our objective was to compare FEM solutions
gained for stress concentration factor to diagréons
ok, Which were made in the 60’s of the last century,

TECHNICS TEAM 2009
4,5
5L 5. Conclusion
:zi S5 By choosing the material for shafts, it is
g 2 e SSSE= —Trle | necessary to, besides their strength; take into

ratiod/D

Figure 13 Stress concentration factor variationtdue
d/D ratio and different type od loading

Tab. 2. Values of stress concentration factor from
literature

Reference value using mathematl_cal, empirical _or experlmental
_ methods. Comparing results @f gained numerically,
Ratiod/D 0,2 using tetrahedral and hexagonal elements, with the
Type of loading results read from diagrams in different literatutesan
Tensile 2,75 be (_:oncluded that _th_e use of tetrahedral eI(_emafr_\ts [
Bending 206 solving these or similar problems is more justified
: because they give more accurate solutions. It @an b
Torsion 3,16 seen in the above shown percentages of exception fo

Table 3 compares the difference in percentage betwe each type of stress, shown in Tab. 3.

numerical results and those which are referredhia t

literature.

Tab. 3. Exceptions of some numerical solutionsifor
from solutions given in literature [%0]

However, it should be pointed out that the
distribution of stress gained by FEM is sensitivahe
number of elements that discretized the model. (e
of more precise mesh would certainly give results
closer to those from the diagram. Thus, the exoapti
would be smaller, but the time needed for gainimg t

Type of | TETRAHEDRONS| HEXAGONS result would be longer.

element

Ratio d/D=0,2 d/D=0,2 References

Tensile 8 8,73 [1] K.H. Decker, Elementi strojeva, Zagreb, T etkai
Bending 05 0,97 knjiga, (1980), pp. 170 - 187

Torsion 0,32 0,63 [2] J. Brnk; G. Turkalj, Nauka @vrstcéi 1, Rijeka,

[3] J. Sor¢, Metoda konénih elemenata, Zagreb,
Golden marketing, (2004), pp. 245 — 273

Zigo, (2006), pp. 234 - 240
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Abstract

Quality Management Systems are present for a viiteany different areas of production and servicavision.
Several medical institutions have implemented Quallanagement Systems according to requirementtaofdard
EN I1SO 9001. Specific problems have occurred aral gbthis paper is to emphasize these problemst@amkplain
which elements of ISO 9001 are hard to implementedical institutions.

Keywords: Quality Management Systems, ISO 9001, hospitals

1. Introduction requirements. Goal of this paper is to point outstno
specific problems at implementation of ISO 9001
Quality has become very important factor of our requirements at medical organizations and to pmpos
life. Competitive markets require higher and higher solutions and improvements for these problems.
level of quality for all participants at world matk

This includes production and service organizatidime 2. Research Methods
Quality management includes coordinated activities
direct and control an organization with regard taldy Standard ISO 9001 define requirements for Quality

[1]. The organization has to choose suitable psEes Management Systems. These systems are organized as
that will ensure that the product provided by the presented at figure 1 [2] which is known as Quwalit
organization can meet the defined requirements. Theircle. Documentation system is established in
work methods that help to achieve these objectives organization to define responsibilities and to diésc
an efficient and effective manner constantly andhow specific actions and processes are performed.
reliably are an important part of the Quality This is phase of planning.

management system. To achieve higher qualityeif th

products and to sustain high level of quality many

production organizations implemented requiremefits o

ISO 9001 standard. When ISO 9001:2000 was issued

more and more service organizations have started to %

implement these requirements at their Quality

Management Systems, because ISO 9001:2000 issue

was more suitable for service organizations. Today

standard ISO 9001:2008 is in use, which is evenemor

suitable to service organizations. During past years R

several medical institutions accepted and implestent

requirements of ISO 9001 Quality Management

System. Intention is to improve quality of medical

services in Croatia. Quality management systems are

something new for hospitals, so different kind of

problems have occurred during implementation of¢he Fig. 1 Quality circle
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When rules are established organization is

performing its processes as defined in documented 1S
procedures and work instructions. This is phase Do. o Q
After that organization is evaluating how its Qali 90 M

Management System is functioning and if it is

effective. This is phase Check. Obtaining this

information, organization has found weak points and
can make some steps toward improvements. This is
phase Act.

>
>
Pr ) Chec
oce- list
du

Bajic  Specific

2.1. Quality audits critetia  criteria

To find out what are most common problems at
implementing requirements of standard 1SO 9001 at
medical institutions phase Check of Quality cinaldi
be used. This phase is usually performed by QualityStan
audits. A process of quality audit is very impottéor
the evaluation of efficiency of the management
systems. The quality audit is performed by trained
auditors, according to the prepared audit plans and
documented procedure for the quality audit. These
audits can be performed as the internal and externa
quality audits. The internal audits are performgdHhz
organization itself to find out how requirements of
relevant standard were followed. The external audit
are performed by an independent organization to
confirm that relevant requirements were fulfilled.
Example of external audit is certification audiut@f
all the elements of the quality management systems
based on ISO 9001, the internal audit requireg aflo
time and effort, once a system is implemented. Kigki
the most of internal audits will create greater kype

Fig. 2 Audit criteria
Criteria for audit is not only taken from relevan
dard, but also from organization Quality Manual
(QM), quality procedures, documents and records
presented during audit, relevant legal requiremants
other sources. Based on this, auditor create chsick
that will help to perform audit as planned, andtieck
all relevant requirements of organization’s Quality
Management System.

For the purpose of this paper, results of interna
audits and external audits will be analyzed only fo
companies audited by author of this paper.
Documented non-conformities from performed audits
are analyzed.

3. Results of investigation

Results of analysis will be presented related to

involvement. improve iob satisfaction and provide clauses of standard 1SO 9001 that are noticed as
L J P requirements which were difficult to fulfill by

more opportunities for the constant improvemente Th : o . .
. . .__monitored organizations. These will point out
auditors must be aware of the requirements against

; . . roblems which appear at implementing Quality
which they perform an audit. These requirements areP C e
defined in the standards on which the quality Management Systems at medical institutions.
management systems are based on as presented on

figure 2 [3]. 3.1 Management review

This requirement is presented in standard ISO 9001
as clause 5.6.
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Important requirement at purchasing process is
also evaluation of suppliers. Standard ISO 9001
Improve requires that suppliers are evaluated based om thei

i ment ability to supply product in accordance with the
App Ic n organization's requirements. Criteria for selection
at'?)? evaluation and re-evaluation shall be established.

Proces Rec_:ords qf _the results of evalua_ltions and any SaCes
actions arising from the evaluation shall be manse.
Process of evaluation of supplier related to custom
and its requirements is presented at figure 4 [4].

Fig. 3 Improvement process Customer
o , _ Custpmer  gatisfaction
Management review is crucial part of improvement - hd

process which is presented at figure 3 [3]. Quality
management representative collect information
generated from Quality Management System
including, audit reports, service conformity, catiee

and preventive actions, customer satisfaction, éorm
management review conclusion and some others.
Management analyzes these reports and based @n thes
analysis take actions that lead to improvements of
Quality Management system.

Feedback

Organizj
tion

Fig. 4 Evaluation of suppliers

Problem that is found at hospitals implementing
requirements of ISO 9001 standard, is that infoionat
feedback presented at figure 3 is not working prigpe Evaluation of suppliers and creation of List of
Situations at Quality Management System are qualified suppliers is something new for hospiiahsl
monitored, problems are noticed, documented andproblems occure at establishing of evaluation Gate
solved, but information about it, is not always Standard clearly states that evaluation is related
distributed to management. Therefore management carorganiza-tion’s own criteria, but some hospitals
not take proper actions to eliminate causes of non-implement criteria that are clearly not defined by
conformities to improve their Quality Management themselves. Consultants propose complicated systems
System and to achieve higher quality of their smvi of points which are accepted by hospitals, but this
Root of this problem is probably that departments i evaluation systems are not properly applied. Noét al
hospitals have significant autonomy, and are netlus criteria are evaluated as defined or points givexken
to inform others department or management aboutno sense (like points system from 0-100 points for

problems in organization. every purchasing order).
3.2 Purchasing 3.3 Identification and traceability
Purchasing is defined in standard 1ISO 9001 as Identification is important requirement from

requirement clause 7.4. Requirement of that clasise standard ISO 9001, clause 7.5.3 that is not imphtece
to monitor documents that are used in purchasingwell, too. It is required to identify the producty b
process. This requirement is fulfilled as law suitable means throughout product realization in al
requirements apply for purchasing of common phases [5]. Organization fail to implement propeyw
procurement. But when purchasing is performed for of identification. It is not good enough to idemtif
products that are not covered by common patient with his name and surname, or additionalti
procurement, then documents are not alwaysdate of receipt. It is necessary to use unique teay
controlled as they should be. identify patients, which is not done in all hos|sfget.
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3.4 Non-conforming services corrective action should be taken. Implementatién o
corrective action could take some time, but
The organization have to ensure that service lwhic organization should try to implement it as soon as
does not conform to product requirements is ideatif possible. Verification of effectiveness of taken
and controlled to prevent its unintended use dves}. corrective action could be performed later, usually
Non-conforming services should be documented andsurveillance audit. Main problem is that corrective
analyzed. This is requirement 8.3. Problem at @uali actions are mixed up with solving of non-conformity
Management Systems in hospitals related to thiswhich is wrong. Noticed non-conformity should be,
requirement is identification of non-conformitieAt naturally, dealed with and solved, but correctiggam,
production organizations, it is normal and usualif it is taken, should address root cause of probiet
situation to find and document non conforming consequence.
products. But, in hospitals employees are not famil
with  meaning of non-conforming services, and 4. Improvements
sometimes are not able to recognize such services.
Main goal of this paper is not only to specifyima
3.5 Corrective and preventive actions weaknesses at implementation of requirements of
standard 1SO 9001 at hospitals, but also to suggest
Corrective and preventive actions are taken toactions for improvement. These actions could hied t
eliminate causes of non-conformities. Intentiontds  noticed problems do not happen again at all, ¢east,
accomplish improvements in Quality Management not in significant numbers.
System by removing causes of problems, so thaethes Problems with requirement for management review,
problems do not appear again, clause 8.5.2 an8.8.5.  could be eliminated with establishing communication
First step at corrective action process is tatifie lines between Quality Management System and
non-conformity (Figure 5). Then, organization have Management of organization. It could be performgd b
understand nature of that non-conformity, what areregular reports (monthly, quarterly) about quality
main issues related to that non-conforming service. issues, which will include non-conforming services,
corrective and preventive action, complaints, imabr
audit documentation and similar.
Purchasing process is important for every organi-

NON-

CONEORMITY zation, so it is also for medical institutions. Exation
of suppliers is activity that in some hospitalsnist
UNDERST .
P ouT understood properly. Responsible person for
AL purchasing should attend training course or sorherot

form of education to help him create efficient syst

- for supplier evaluation.

EEREEGT Identification could be improved by implementing
action 1T ) bar code system of identification, which is alreadgd

—— at some hospitals, and it is functioning propeiiiis

- F solution asks for investment, but it helps manage
VERIFICAT |< identification and traceability of patients.

| ONGOING SURVEILLANCE Corrective and preventive actions are one of most

important tools for improvement process. If theg ar

not performed properly, improvement process will no

be successful. Importance of proper correctiveoasti

should be repeated at training courses, daily mgeti

When ~ non-conformity is — determined  and related to quality problems and all other topicsereh

understood, responsible person for process \.Nher%]uality issues are discussed. Proper determinirmgaif
problem appeared, should analyze non-conformity to

find out cause of problem. That is point where most 2us€ at correctiye action process is one .Of tast Ie

organi-zations fail to fquiII. requirement of staad understc_)od requirements of I.S.O 9001 in service
! companies, so additional training related to this

ISO 9001 clause 8.5.2. They simply overlook faett th problem is necessary

root cause of noticed problem should be determitied. '

root cause is properly determined, documented

Fig. 5 Corrective action
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Abstract

The contribution deals with the modelling of thetpaith difficult shapes within the Reverse Engiriegrfor new
production technology application. Many of the hanade prototypes are created without drawing doataien and
so the manufacturing of such real parts is veryglaated. The utilization of computer techniques t@come basis
for suggestion of new manufacturing technology aftpCL data, as direct output of CAM system, seioreNC
program creation, so the data digitizing can carsidly decrease the economic cost and greatlytaftbe efficiency

of the part manufacturing.

Keywords: 3D model; Digitizing; Complex-shaped part; NC prag; Reverse engineering

1. Introduction

The computers become an important part of our |

and about its benefits nobody doubts. The programme >

get the strong tools into the development handsusea
the potential of computer techniques for the cozatif

ife

completely new applications, which alleviate the

solution not only of common problems, but alreduly t
special defined, too. New technologies bring thencfe
of mind. The classic way “imagine the solid figuaad
then create the drawing to make the solid figurairag

by means of them” is often substituted by technplog >

today that thanks to three dimensional graphic lesab
to solve the difficult phases of the body suggestio

direct in its real version of full-value stereometrody.

The creating of 3D object on the basis of drawing

documentation is routine in today plants.

The

The utilisation of the object in the assembly aBow
detecting the conflicts with other components not
only in static, but in kinematics state, too.

The defining of the couples, loadings, materials
and other 3D model properties enables to execute
the various types of analysis (structural, thermal,
dynamic...) on the object and so predicts the
object behaviour in real conditions.

It is possible to simulate the machining process by
means of the created 3D models and so to find out
collisions between the tool and the piece.

One of the major advantages of 3D model is the
possibility to generate CL data and with the
utilization of postprocessor to make the NC
program for the selected control system in very
short time.

A considerable number of companies in Slovakia

advantages of such processed object can be rednced produce components on the basis of component
drawings which can be drawn manually but nowadays
» The visualisation of the object enables the most often by a computer technology. The software
optimization of its structural solution before the using 3D technique notably facilitates the work of
production, its quick modification (the dimensions constructors and designers. At the design staga of
editing), eventually the quick suggestion of the new product, a 3D model is created at first them th
analyses and simulations of the production proeess
conducted. After the fault elimination, drawing and

the following points:

similar objects inside the group technology.
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technological documentation is completed and omly o 2.1. Reverse Engineering description
its basis is the component being produced. [4]

The problems occur when the actual component “Reverse Engineering is the process of the existing
exists, e.g. in the form of a hand-made model, iscomponent, composition or product duplication witho
complex-shaped and its geometric characteristies arhaving the drawings, documentation or a computer
unknown. The production of other (exactly the same)model at the disposal.” Reverse Engineering indude
components is in this case problematic, especiallyall the activities which enable the determinatidrthe

where a mass production is concerned. (Fig.1) function principle of the product, idea or techrgpio
originally used at the product's development. It is
Taea PR possible to use it in order to master the procdss o

design or to use it as a foundation for the proa#ss

redesign in the way to make the following feasible:

« monitoring and evaluation of the mechanisms which
enable the product’s functionality,

e analysis and research into internal processeseof th
mechanical product,

e comparison of the existing solutions with own ideas
allowing improvement proposals.

Within the scope of Reverse Engineering several
techniques of acquiring data on the solid geomatey
being used, for instance triangulation (both actwel

Flg 1. Problem with undefined part manUfaCturing passive triangulation’ measuring Systems with

theodolite, focusing techniques, techniques of psisa
2. Modelling of complex-shaped part from shading”), optical interferometry, time of dfit
measurement of modulated light and others. [3]

The dimension characteristics are essential inrorde  The digitization of real objects is possible due to
to create a 3D model, drawing or to produce thescanning equipment which enables the conversion of
component itself. Acquiring further data about the the real three dimensional objects into a digitahf.
component, processing of this data, e.g. by a céenpu The principle of the majority of these equipmergs i
becomes a necessity, and only on the basis of @ehjui pased on the scanning the object’s surface instsete
data is the drawing preparation and direct ger@raif  points and it follows that the digitized object is
CL data for the Component prOdUCtion on NC maChinepresented on a Computer as a |arge number of p'oints
possible. space, i.e. the so-called point cloud. Scannererdif

Nowadays the research regarding the datafrom one another especially in the way the scanning
acquisition on the shapes and dimensions of the reahe object's surface points is implemented. The
(three-dimensional) objects is in the stage of dapi scanning equipment can be divided according to
development. Precise, fast and non-contact meth®s \hether the scanning technology is contact or a non
significant in many industrial applications incladithe  contact one. The former concerns 3D scanners and
quality control, surface control or visual systeots  stationary co-ordinate measurement systems CMM
assembly lines. They are no less important in(Control Measuring Machine). This category offere t
recognizing 3D objects, in securing the area or ingjgitization equipment ranging from 3D desktop
navigation. With respect to the required precistoi  equipment to the systems used for measurement of
quallty of the SUbsequent prOdUCtion in meChanicaI|arge objects of several meters in size. The La_[ten_
engineering, the most precise and advantageoutheth contact systems of measurement, i.e. scanners,
of acquiring information on the topography of tiealr  generally operate on laser or optical principlg. [2
prOdUCt appears to be a 3D dlgltlzatlon of the d@ranh For the most part, a choice of the scanner type
object, using modern technical devices within th@p®  depends on the requirements posed on the accufacy o
of the so-called technological 3D scanning. This homogeneity between a real and a digitized model.
method is known as Reverse Engineering. [1] Further, another important factor when selecting a
scanner is the scanning time. The fastest scaramers
the laser ones. Also, a significant factor is thme of
the scanned component or, possibly the mobilitthef
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scanning equipment. The majority of scanners are The data after the scanning it was necessary ® sav
limited by the scanning space in which it is pokesib in *.pix* format and consequently to import in
scan. 3D scanners are usually constructed to etabl software PIXFORM. The obtained characteristics
scan objects as large as 50 cm. For more sizeableepresent the geometry as the model with the
objects the larger scanning equipments are produced unsmoothed face and with the curves, which are not
Apart from hardware devices, a substantial role atcontinuous. Also some technological features (for
digitization of 3D objects is played by software example the holes) were not scanned completely, but
equipment. Individual scanning equipments use ownonly as the surfaces that indicate the positiothete
software for processing of the scanned data, howevefeatures. (Fig.3)
these need to be transformed several times and o _
eventually transferred into a neutral format (IGES, N /
STEP,...) which CAD/CAM systems can operate with. A

2.2. Complex shaped part digitizing
An example for the processing of a complex shaped

component in Reverse Engineering can be a template
for winding of the stator of electromotor (See &§.

Fig. 3. Scanned model of the part in PIX format

The software Pixform next allowed:

» to translate one complex shaped surface through a
cloud (a grid) of scanned points, whilst the
accuracy of coverage depended on the number of
selected checkpoints,

» to modify the polygonal meshes by means of
editing control points, polygon edges and surfaces

Flg 2. A template for Wlndlng of the stator of (removing, moving or addmg new Surfaces),

electromotor « a reduction of a polygonal meshes, i.e. a reduction
of the number of polygons in the meshes,

It is a real component, which used to be produced  however, at the expense of the quality and display
abroad in a way that its finite shape underwenamadh fidelity,

grinding into an anti-template but the drawing
documentation of the resultant topography was not
available. The average delivery time was longen tBa
month.

A 3D scanner Roland Picza LPX 250, in which all
digitizing operations are controlled by a program D
PICZA, was selected for scanning. This software
enables the scanning of data to be optimized, ¢:ditel
transferred to NURBS surfaces. Then the data can bacquired data, transferred it and subsequently itapo
exported to STEP, STL or IGES formats for further
processing in 3D programs. Considering the surédce
the original component was too reflexive (as it was FMT TU Kosice with seat in Presov is shown on Fig.4
polished), it was necessary to decrease its glas®y,

» to fill the cracks which arose at the scanning in
polygonal meshes on the basis of the NURBS
surface definition, and repair a partially
insufficient representation of the scanned data,
to partially polish the obtained model, however,
not with a sufficient accuracy

For next processing it was necessary to export the

into CAD/CAM software. Concrete procedure used on

e.g. by spray-painting it with a gray undercoaicol |_format | | [*.pil j—{ *.oix || *rdl |-o{ *igs |—) *0rt|

At the same time, it was essential to evenly alpéy PETICY W reees [Er==
sprayed layer as this factor may also affect the _-=--- L===l b=m == b -
approximation rate of a created model toward its  [auement] | foscanner
original and a finite accuracy of the componentatzd

on the basis of a virtual 3D model. Fig. 4. Data transferring
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Geometric data describing the established surfacet was also possible to control, analyse and mottigy
were neither applicable for various types of aredys curvature and “smoothness” of the selected surflace.
nor for a CL data generation. As a result, it wasthe process of finalising of a 3D model versiornjoas
necessary to export them again in IGES, STEP or STltechniques and tools were used, which a user éseaff
format and import them to a selected CAD/CAM by a selected CAD/CAM system Pro/Engineer. The
system, in order to further process them. Pro/Eawgin final version of a 3D model created without geoticetr
system was selected as a CAD/CAM system based oand drawing definition is on the Fig. 6.
the experience and in connection with the software
design. For this purpose, sections were creatednon l
imported model and the interpolating or approximgti ool
curves, defining the profile of “top surface” ineth ‘X g
section plane, were translated through a poinvisea /O
mathematical apparatus. Approximating curves of
the parallel planes. The curves were covered with 3p model was compared by geometry with the
a coat surface which was created as Pro/Engin€€§canned shape in Pro/Engineer. The spaces between
system’s own element so the geometric data desgribi easured points were 2 mm and the tolerance was
this surface were readable also for CAM system.areay g 1 mm. It could be said that 98 % of the surface
As with the curves, it was also possible to control \ere inside tolerance. (Fig. 7)

In the process of 3D model version finalising,
various techniques and tools were used, which aisise
offered by a selected CAD/CAM system Pro/Engineer.
It is advantageous to utilise the surface operation
this system for work with complex shaped desigr. Fo
defining the profile of “top surface” in the segatio
plane, were translated through a point set via a
mathematical apparatus. Approximating curves of
Bezier and Spline types were used most often ak wor
as they best represented the imported templateeshap

availability. It is advantageous to utilise the faoe
operations in this system for work with complex s

Bezier and Spline types were used most often ak wor Fig. 6. The final shape of the model
as they best represented the imported templateeshap

analyse and modify the curvature and “smoothnefs” o

the selected surface.

this purpose, sections were created on an imported

model and the interpolating or approximating cuyves

the parallel planes. The basic curves for 3D model

creation are shown on Fig. 5.

Fig. 7. The comparison of scaned and created model

On the basis of created 3D model was made the new
physical part by Rapid Prototyping method. The
geometry and dimension data of model were exported
from Pro/Engineer to STL format that are used har t
producing of silicone form.

Fig. 5. The basic curves for 3D model creation

The curves were covered with a coat surface which
was created as a Pro/Engineering system’s own aeteme
so the geometrical data describing this surfaceewer

readable also for CAM system area. As with the esrv Fig. 8. The compariso? of 3D model and scanned
par
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The cast plastic part was compared with the primary ¢ investment quantity blocked in stores and
real part by means of 3D measuring equipment @jig. « costingness to its pandering.
and then it was used in real situation. After the creating of 3D model and after the

It was possible to allege that the model correspond generating of NC program, the terms of delivery aver
to the real steel part in required accuracy andCko  shortened about 98 % (from 180 days on 2-5 dalye), t
data were generated. The short block of CL datdslis number of stored templates decrease about 50 % and

shown on Fig. 9. the price of the parts made in Slovakia derogabedia
60 % compared with original foreign supplier.

N s Versen 200 55 — The creation of a 3D model also allows conflicting
: e situations predicting not only at the machining alsio
ymggﬂ,g;,t;; b at their putting together to assemblies resultmghie
W R reduction of the preparation time, expenses and the
T Wy, e B v, Cotrils quality enhancement of production. One modelled
I ST I component can thus become the basis for its simple

ZOTO / 30.0000000000, F5.0000000000, 20.0000000000

1000, 75.0000000000, -20.0000000000
aoo IFM

modification and subsequent production of othepety
mn"mn 75. 0000000008, -25.0000080000 _ [ 601 %30 ¥75 2-25 Slmllar Components7 eg Wlthln a group teChnOIOgy
‘E”;”ELEW?D' T L L The company uses several types of these templates a

25.0000000000

“Oouoa0g00: 45500000010 ST s Y so it will be created other of them by similar manm
C 00000 JCln)Of JJGC: D(’ILDCj:EIrE:EJCI;\:rIEQ_JzC\ i EEE;JEEOL\DCE'J :E‘ 5 the fUture.
Fig. 9. CL data as output of of CAM module
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Abstract

With the advent of high-resolution graphics, higlesd computing, and user interaction devices, alitteality (VR)

has emerged as a major new technology in recens.y&a important new concept introduced by many Y&ems is
immersion, which refers to the feeling of complietenersion in a three-dimensional computer-generatedronment
by means of user-centered perspective achievedghrivacking the user. Main advantage of virtualitg application

usage is possibility of creation and simulatiomefv technological unit before its realization. Thiay contribute to
increasing of safety and ergonomics and decreasirgconomical aspects of new proposed unit. Virtmadel of

proposed workcell could reveal hidden errors wretihmination in later stage of new workcell creatisimould cause
great difficulties.

Keywords: automated manufacturing systems, simulation, aimeality technology

1. Introduction
2. Virtual reality technology

Virtual Reality is technology currently used in a
broad range of applications, the best known bdiggtf At the beginning of 1990s the development in the
simulators, walkthroughs, video games, and medicinefield of virtual reality became much more stormydan
(virtual surgery). From a manufacturing standpoint, the term Virtual Reality itself became extremely
some of the attractive applications include tragnin popular. We can hear about Virtual Reality neanlyli
collaborative product and process design, facility sort of media, people use this term very often they
monitoring, and management. Moreover, recentmisuse it in many cases too. The reason is thantniv,
advances in broadband networks are also opening upromising and fascinating technology captures great
new applications for telecollaborative virtual interest of people than e.g., computer graphice Th
environments in these areas [1]. consequence of this state is that nowadays theebord

Historically, virtual reality has entered into the between 3D computer graphics and Virtual Reality
public awareness as medial toy with equipmentbecomes fuzzy. Therefore in the following sections
.helmet-glove“, which was preferentially determined some definitions of Virtual Reality and its basic
for wide public and the price of this system hagbab principles are presented [5].
correspond to this fact, so price could not be vegh. Virtual Reality (VR) and Virtual Environments
As follows, the producers of virtual reality syseem (VE) are used in computer community interchangeably
have aimed at developing and providing of the syste These terms are the most popular and most oftesh use
for data collecting and analysing and systemsbut there are many other. Just to mention a fewt mos
supporting economic modelling. It is obvious thHedm important ones: Synthetic Experience, Virtual Werld
among areas, where virtual reality systems candmst m Avrtificial Worlds or Artificial Reality. All thesenames
frequently used are applications based on 3D-spacenean the same [7]:
analysing and physical dimension visualisationtadl  « “Real-time interactive graphics with  three-
reality with ability to show data 3D and attach isds dimensional models, combined with a display
and touch information increases extraordinarilyadat technology that gives the user the immersion in the
comprehensibility. Along with increasing the number model world and direct manipulation.”
of data are increased the effects from virtualitgal <« “The illusion of participation in a synthetic
too. environment rather than external observation ohsuc
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an environment. VR relies on a three-dimensional, Further process consists of creation of 3D models
stereoscopic  head-tracker displays, hand/bodywhich are based on above mentioned drawings. After
tracking and binaural sound.” model building they have to be exported in gengrall
* “Virtual reality lets you navigate and view a \bof accepted format in order of their following usagel a
three dimensions in real time, with six degrees ofimport in virtual reality system. For 3D models atien
freedom. In essence, virtual reality is clone of was used Pro/Engineer Wildfire 2 and as transfer
physical reality.” format was chosen Wavefront format. Model created i

Although there are some differences between these¢his format are described with two files while dmeld
definitions, they are essentially equivalent. Thaly  information about measure and  geometric
mean that VR is an interactive and immersive (wh#n  characteristics of model the second contains anfiti
feeling of presence) experience in a simulatedinformation for example about model's material.
(autonomous) world — and this measure we will wse t Selection of this format was because of it supjort
determine the level of advance of VR systems. Manyvirtual reality system which was used by this
people, mainly the researchers use the term Virtuakxperiment [3].

Environments instead of Virtual Reality “becausehaf L a8 D D

hype and the associated unrealistic expectations”.

Moreover, there are two important terms that muest b
mentioned when talking about VR: Telepresence and
Cyberspace.

Virtual reality technology has proved to be a
promising, powerful, and cost effective tool in new
workplace design work. It enables designers to dpen
more time evaluating creative new ideas, helpiragnth
to identify and eliminate potential problems earlyhe
design process, and enables end-users to actively
participate in the design process. However, more
knowledge should be obtained about the quality of
results from utilization of VR technology in guides
verification.

3. Virtual automated workplace creation Fig. 1 Model of robot created in Pro/Engineer eyst

One of the most useful techniques for acceleration
of the design process is virtual model creationisTh
technique resolves interface dependencies betwiéen a
system components, thus enabling parallel, ratten t
sequential, development of hardware and software
components of the system. Paper describes creation
workshop model followed by design verification in
virtual reality environment. Main goal was to vgrif
proposed arrangement of automated workplace design
in order to test accessibility of welding robots to
workpiece and to confirm spatial set up of whole
workshop. Procedure of virtual model creation cdagd
divided into three main steps:

- creation of 2D drawing,
- creation of 3D models,
- creation of workshop virtual mock-up.

First step, the 2D drawing creation was made
according to input information in Autocad software.
Output 2D drawing tented as basic start point fbr a
other activities for virtual model creation.

Fig. 2 Virtual model in virtual reality environmen
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4. Creation of workplace's virtual mock-up behavior. This action was followed by objects

importing and their allocation in virtual environnte

A complete VR system is a large software system,Arrangement of each object followed primary 2D
consisting of many modules. Every VR system costain drawing so the workplace virtual shape was build:i
an object manager, renderer, device drivers,ratio to its real model. Purpose of our virtual rabis
communication module, navigation and interaction verification of design proposal with reference obot
module, and, usually, physicallypbased simulation, access to workpiece during work mode. In order to
sound rendering, scientific visualization, applicat fulfill this goal it is necessary to define moti@ction
specific modules, etc. The visual part of a virtwakld of robot which can be controlled by user. In thigyw
is represented by a hierarchical scene graph. Eiagy ~ can designer verify correct proposal of workceliga
is a node in this graph: polyhedra, assemblies off4].
polyhedra, LODs, light sources, viewpoint(s), tleen)
etc. Most of the functionality and interaction preted
below will operate on the scene graph, i.e., itl,wil
eventually, change some attribute(s) of some ofgject

For creation of virtual reality for verification
purpose were used following components:

- virtual reality environment creation system Vizard,
- head mounted display Emagin Z800.

Vizard system for virtual environment creation is
package of high-end graphical tools designated for
graphical applications creation including virtuahlity,
scientific visualizations etc. Vizard uses powerful

[

engine based on object-oriented programming which= N
includes full usage of OpenGL and DirectX

possibilities. VR environments created in Vizard Fig. 4 Environment of Vizard system
environment are optimized with usage of

VizardLAXMI tools for achieving of full graphical 5. Simulation of automated workplace

performance. Selection of this application is usags
because its support of wide range of VR hardware an  One of the main goals of using a VR system for
conversion formats. Output visualization was design verification is the potentially high degree
performed with HMD E-magin Z800. This HMD is “reality” which can be experienced when immersed in
equipped with OLED visualization technology with VE. In order to achieve this, the VR system needset
high contrast. HMD has integrated motion sensor forable to visualize object behavior at interactivanie
head position and orientation location. rates. Other tasks of a VR system in the context of
design verification are geometrical and spatialyaees.
In order to check serviceability of a proposal, W
system has to track the work space necessary éor th
objects move and it has to report collisions. Dgirin
verification it is often necessary to simulate kiragics
in order to perform a sensible design study. Read-t
collision detection of polygonal objects undergoing
rigid motion is of critical importance in many
interactive  virtual environments. In particular,
simulation algorithms, utilized in virtual realisystems
to enhance object behavior and properties, ofted e
perform several collision queries per frame. Itais
fundamental problem of dynamic simulation of rigid
Fig. 3 E-magin Z800 HMD bodies and simulation of natural interaction with
objects. Simplified principle of verification of gign in

Creation of virtual environment started with frame of object collision detection can be presgnte
defining of new virtual environment its parametansl collision detection within a visualisation loop
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loop forever 6. Another virtual reality application

move objects according to user input

check collisions Representative applications of virtual reality

if collision detected take appropriate actions base technology are presented in a number of areas.
on collision reports Applications in manufacturing or pointers to it kav

else continue in visualisation been emphasized particularly. Immersive display

End of visualization technology can be used for creating virtual prqgiety

With collisions there are two tasks to be handled:of products and processes. The user can then be
collision detection and collision handling. The rfar exposed to an environment that is next best onignto
is the general problem of determining whether or no actual product or process. Examples from the produc
objects penetrate (i.e., “something happened”),levhi standpoint include virtual prototyping of a product
the latter is the problem of determining approgriat such as earthmoving equipment, instead of expensive
steps based on the current collision status, widch physical prototyping. From the process standpgimnth
usually handled. examples include detailed layout design involving
hard-to-quantify factors such as adequate illunimat
sources of distractions for operators caused byyhea
goods, and personnel movement [6].

The issues here are concerned with CAD model
portability among systems, trade-offs between lighl
detailed models and real-time interaction and digpl
rapid prototyping, collaborative design using VReov
distance, use of the World Wide Web for virtual
manufacturing in small and medium-sized business,
using qualitative information (illumination, sound
levels, ease of supervision, handicap accessibilay
design manufacturing systems, use of intelligerd an
autonomous agents in virtual environments, and
determining the validity of VR versus reality

(quantitative  testing of virtual versus real
Fig. 5 Virtual automated workplace assemblies/equipment).

&

Fig. 7 Testing of real assembly in virtual assgmbl

Fig. 6 Example of collision error message A number of initiatives in this area have been

_ o o _undertaken at the National Institute of Standandd a

This  application  allows  verifying  spatial Technology (MIST). Engineering tool kit environment
arrangement of machines of newly proposed workplacgyre needed that integrate clusters of functions tha
and helps in revealing of hidden errors or may manufacturing engineers need in order to perform
contribute to creation of better alternative. related sets of tasks. Integrated production system
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engineering environments would provide functions to realization. Usage of virtual reality in such way a
specify, design, engineer, simulate, analyze, andverification tool can help to minimize errors whiatay
evaluate a production system. Some examples of theccur by creation of new workplaces. Paper pregente
functions that might be included in an integrated simplified procedure of creation of such model with

production system engineering environment are [2]:

« |dentification of product specifications
production system requirements,

» Productibility analysis for individual products,

e Modeling and specification of
processes,

* Modification of product

manufacturability issues,

Plant layout and facilities planning,

Simulation and analysis of system performance,

Analysis supporting selection of systems/vendors

Procurement of manufacturing equipment

support systems,

» Specification of interfaces and the integratioh
information systems,

» Task and workplace design,

Management, scheduling, and tracking of projects
When a single factory may cost over a billion

dollars (as is the case in the semiconductor imgyst

is evident that manufacturing decision makers need2]

tools that support good decision making about their

design, deployment, and operation. However, in the

case of manufacturing models, there is usually no

testbed but the factory itself; development of nedé

manufacturing operations is very likely to disrupt

factory operations while the models are being

developed and tested [8].

Sophisticated computer simulations, what might be
calledvirtual factories,call for a distributed, integrated,
computer-based composite model of a total
manufacturing environment, incorporating all theksa
and resources necessary to accomplish the opewaftion
designing, producing, and delivering a product. Wit
virtual factories capable of accurately simulating
factory operations over time scales of months,[5]
managers would be able to explore many potential
production configurations and schedules or differen
control and organizational schemes at significant[6]
savings of cost and time to determine how best to
improve performance.

designs

and

[1]

[3]

[4]

7. Conclusions [7]
Virtual reality is one of the enabling “technologjie
for all kinds of physically-based visualization /R
and other applications. Main advantage of virtual
reality application usage is possibility of creatiand
simulation of new technological unit before

[8]

its
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exemplar
and components which is followed by main description of
system function principle. It presents step by step
actions which have to be done in order to proceeuh f
manufacturing idea of new workplace thru 2D drawing design and 3D
models creation and till import of virtual models i
to address virtual reality environment and virtual parametset

up.

selection of software and hardware
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Abstract

In this paper are presented usefulness of apprimachaking three models of products called — mobiéeice for
husking maize, in 3D software for parametric dranat design SolidWorks 2008. This software is a pobad Dassault
Systemes S.A. company. After such approaching, fiioissible, in the same software, very quickly ekentechnical
documentation and to approach for production mdatprototypes this product. The models of thisipod were made
on the base List of customer requirements, asageixperience of designer in designing similadpcts. Experience
of designer did enable using already checked meadinten similar products, what is pretty accelerameaking of
tehnical documentation for this product. For makihig product designer did carry out analysis abdoct design
according to axiomatic theory. The author in thégpgr want to show that three presented modelspufse if they
successfully pass phase of testing in exploitatioeditions, very easy can be family of productscduse by the
making design of models the designer did use modutzhitecture and platform of products, what agsult could
give family of three products.

Keywords: Husker Maize, Theory of design, conceptual design.

1. Introduction further in text, usefulness of using software Solaiks
2008 by making technical documentation for the

Modern industrial and technological development mobile device for husking maize. The object scievice
sets higher and higher criterions for qualityiafility =~ designing make primarily technical products and
and performance tuning for products which come tosystems which need to develop as new or further
the market. On the other side companies tend talevelopment existing product. Hubka and E@Z,
increasing of productivity and competitively in a were defined that technical system (product), mach a
whole production process and swifty come out of environment are necessary for performing technical
products on the market. Those reasons are ledeto thprocess where operandi make transformation input
fact that lifecyce of product is became shortentbger  from state to state output (Fig. 1).
before. The shortening lifecycle of product ledttie
fact that all phasis in the process of formatiord an
production for product are shortened, and this is ENVIROMENT
especially related on the process of designingg Th
designer have less and less time for development of
product and for making techical documentation
though is well known that design process has thedbi
influence on the costs of producti¢d], i.e. on the [ TECHNICAL PROCESS | T,
market price for the product, and consequentlytlier
profit for company. Thus designer can achieve those
requirements only by using modern tools for designi Fig. 1 Common model of technical process
with application specific design knowledge in solyi
tehnical problems. Author of this paper will presen
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The product that is presented in this paper is faobi is usually directed inside same module, and intenac

device for husking maize, and it present new tezini between modules is reduced to minimum.

system. For this product are: Advantage of modular production are [5]:

- operand 1 — corn cob that is not husks (onlydecreasing prices of product variants, increasing
partially clean) product variability, faster product delivery, arehsier

- technical process — process of cleaning (husking) o maintenance, assembly and disassembly. This machine
taking off placenta of corn cob has base module and optional modules.

- technical system — new machine, mobile equipment
for husking maize . .

- operand 2 = fully husked (cleaned) corn cob 2. Customer requirements list

- for carrying out of work with this machine is

required  participation of a man, one or more  stomer requirement list is important because it
poeple serve this machine. present first step in setting up problems, and lban

_ _ , described as a list of needs which satisfy the niate
There is more different approach in process of | sqrs of product expected.

designing of product. In this paper, on the exanufle The basic rule used to define list of requirements,
mobile equipment for husking maize is executede  \yhat is expected from product is: ,Set thehtig
analysis demands design of product on the basis Ofestion to the right consumer at the right time[, [
axiomatic theory. Design process in axiomatic desig Except for requests, the needs of potential usérs o
usua_lly presented by transformatlon_Flg. '1. of constr ~ products can be described with desires, too.
requirements  (CRs) to  functionality ~domain * pqr the purposes of development and eventual serial
requirements (FRs), domain of physical requirements,oqyction of this machine has done market research
(DPs) and process variables domain (PVs). on a sample of 30 family farms which picking maitze
cobs, and have obtained the following results:

After passing through maize husker cobs must be
totally clear (without husks and other uncleanness)

The Maize husker must has possibility of driving

with tractor or electric motor

Due to better manipulation machine must be trailed
(on two or four wheels)

The Maize husker must has two inlet for feeding of
cobs at the same time and one outlet for exit tdiske
Fig. 2 Design process according to axiomatic theory cobs

One inlet for feeding should has possibility to get

about 60 pieces of cobs in ones discharging of

Customers doma  Functionality domai ~ Physical domain Process domain®

Design process as interaction between defined>

domains is given by matrix equatiffiR} = [A[{DP} vessel (there are about 60 pieces of cobs in the
acc.[Suh 1990). vessel)

Due to more options when buying this device, » The Maize husker should comply all of traffic rules
designer did develop three variants of prototydahie and laws for trailed vehicle
product. Main characteristic of variant designghiat » The Maize husker should comply all rules of
base function and structure of product are defimed safety at work regulations
do not change, but change the principles of some> Has to proportion of human labour by process of
particular function [4]. Accordingly, mobile equimt husking be reduced to minimum
for husking maize is founded like a product with » The machine should be simply for operating,
modular architecture. adjustment and maintenance

Characteristic of such architecture is that prodsict » Must have an acceptable price
divided in modules which can be changed and have
possibility of changing geometrical sizes or fuons Also, the market research did define that basic and
with goal getting different variants of product. Mdes  only purpose of this machine need to be huskingenai
are usually described as group functionally andcobs, after picking maize cobs on the field with
structurally independent components whose inteyacti
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machines for picking maize cobs, and before storageequipment for husking maize. After analyzing and

maize cobs in silo.

3. Clarification of problems,
search and selection solution

By product development is much higher effect is

processing the request list, and based on their own
experiences in developing of trailed maize
picker/husker, designer has defined the basiciphlys
structure, i.e. subassemblies of this machine. iGikiat

the goal of designing in this paper focuses on the
development of variants for the equipment for hagki
maize, and basic characteristic of variant desthas

are the basic functions (in this case husking aizm

achieved by using existing experience in developingcobs) and structure of product are defined, bus it

similar products, therefore, by the development of

possible to change the operating principles of some

models and design of this machine is used thepartial function, variation of sizes and deploymént

experience of development and production of tdaile
maize picker/husker, because it is a machine ithat

this case for example husking table) within the
boundaries of the system that does not change dfest

some of its segments has similar requirements aghe machine).

MOBILE

FOR HUSKING MAIZE

|

EQUIPMENT

-

=2 HUSKING CHASIS OF ELECTRIC MOTOR 7))

a a - 2

o = o -4

= < < <

(C) 2] a o
- -4

4 ()] w

=] FAN < FRAME OF a MAIN GEARBOX %

5 T HUSKING TABLE & =
(O}

= o (o)

I

RUBER STARS Other gear forces

Fig.3. Main subassemblies for equipment for huskiraize [5]

Given that the goal of designing in this paper
focuses on the development of variants for the
equipment for husking maize, and basic charatieris
of variant designs that are the basic functionsthis
case husking of maize cobs) and structure of ptoduc
are defined, but it is possible to change the djera
principles of some partial function, variation dfes
and deployment (in this case for example husking
table) within the boundaries of the system thatsdo
not change (rest of the machine).

Such an approach in the designing will be obtained
by families of the three variants equipment for
husking maize cobs, who have: common structure to
the certain level
» common features and the same overall function or

purpose of use

» in a significant percentage they have same parts,

subassemblies, components and modules

Therefore, it is necessary first to define a modula
architecture and platform products for these maashin
In this paper a modular architecture is definedhwit
two types of modules: basic and optional. Basic
module, i.e. the module that is common to all three
variants of the product is shown in Fig. 4.

It consists of a chassis with wheels (1) which
carries all the parts of the machine, frame of gk
table (2) which is mounted with screw connection on
the chassis, main gearbox (3), that receives pawer
torque of the tractor or electric motor and trarismi
them to the working organs of the machine, and
manual hoist of the machine (4) which serves to

119



TECHNICS

regulate the height of the machine, and provides
stability (third pillar) for machine, if the machénis
powered by an electric motor.

Fig 4. The basic module of three variants of theiggent for
husking maize cobs

Optional modules, i.e., those modules that provide
a variety of the product variants are husking table
fan, electric motor, gimbal, and drive elementstiomn
working parts of the machine (sprockets, chain$i, be
pulleys). The combination of basic and optional
module provides a platform and as a final resudt th
product family - the three variants of mobile
equipment for husking maize.

TEAM 2009

Elektromotor

Spojka Rotex 28

, ©

Fig 5. Optional modules of mobile equipment for king
maize

The combination of these modules to obtain three
variants of the mobile equipment for husking maize.
With this variant, on the basis module has sets the
first variant husking table, then the fan and cewvafr
the machine.

Such variant of husking table, precisely drive and
geometry of husking rolls, are same as on some
solutions husking tables on trailed maize
picker/husker.

Fig 6. First variant of mobile equipment for huskimaize
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Fig 7. Second variant of mobile equipment for hinghmaize

At this variant on the basis module has sets the
second variant husking table, then the fan andrsove
of the machine. The fan and covers are totally sasne
on the first variant. Such variant of husking table
precisely geometry of husking rolls is same as
geometry on the French producer maize picker/husker
Bourgoin, while the drive of husking table is wiyoll
new — original solution.

Fig. 8. Third variant of mobile equipment for hirgkkmaize

With this variant, on the basis module has sets the
first variant husking table and covers of machine.

Such variant of husking rolls is totally new
solution. The drive of husking rolls is same as on
second variant.

TEAM 2009

4. Variants design solutions of
the husking table

Based on the analysis and processing of the
request list, and constructor experience, itésicthat
it is necessary to achieve the first and fundantenta
functional requirement of the new machine, andithis
that % of husking of maize cob must be 95 — 100%.
This requirement is possible achieve only on the
husking part of this machine.

Functionally, husking table has three tasks:

1. Husking, i.e. clearing maize cobs from rest of
husks, i.e. placenta in which cob there is.

2. Leading husks, foliage and impurities between
the couple of husking rolls.

3. Transport of maize cobs over the husking table.

To achieve this functions on husking rolls both by
trailed maize picker/husker and equipment for
husking maize, it is necessary to choose appr@priat
design solution, i.e. design shape of couple hgskin
rolls.

For this reason for the first variant of huskingléa
has taken well-known design solution of huskinddgab
from trailed maize picker/husker, which have good
husking (for example models ZMAJ and
CORNLINER). First variant husking table consists of
6 couples rubber and metal rolls, which are rogatim
the opposite direction. As can be seen in figureve.
rollers are pressured to one another, bring cotn co
among themselves, then has broken its placenta and
on that way they husks it, then placenta, foliagd a
so on is led through rolls and they are droppethen
land.
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husker roll is a very demanding for casting (must b
cantered, equal thickness on the circumference,
As can be seen in Figure 10. rolls there are in  enough addition for machining, and so on), andbzan

bearing housings (pos. 5 i 6) which are locatethen expected a certain percentage of refuse in théngast
bearing plates (pos. 2 i 3). Every husking roll bas Also, this solution has a lot of machining, andtjus
gear (pos. 9), who translate drive and torquehen t  after machining is possible to establish that thié r
next husking roll. Huskin table in such solution  must be rejected because is not well casts.

consists of three independent husking sectionstyEve
section must have two couples of rolls, as welitas
own drive by the sprockets. Therefore this husking
table solution has three sprockets, one is two-rows
(pos. 10) who receives drive from the gearbox and
sends it to the other two sprockets (pos. 11).

Fig 9. Husking rolls couple

Fig 12. First variant of husker roll assembled

Gumeni
segmenti €%

Metalni segment
(odljevak)™

Fig. 10 First variant exploded display

After assembly of husking table in the frame, the
module of first variant of husking table looks asai
figure 11.

Fig 13. Second variant of husker roll assembled
Advantages of the new design solution husker roll
relative to the previous design solution are:

» Metal segment of new husker roll has no high
demands by casting in comparison with first
solution

» Quality of casting material can be GG 250,
and in first variant material must be GGG 40

» has no a lot of machining

» there is no danger for breaking by this
solution of roll

Disadvantages of the new design solution husker

Fig 11. All parts of husking table assembled inftaene roll relative to the previous design solution are:
» bigger weight of the pair of combined husker

Second variant of husking table is very differdnt i rolls in relation to the weight of the previous
it is compared to the first variant. In the second design solution of husker rolls pair
variant is completely changed husking rolls geoyetr » increased the time required for such a roll
housing of bearing, principle how husking table assembly compared to the previous design
works, and completely is changed the drive of solution
husking table. Geometry of metal husker roll is » shaft for this roll has more machining

changed because geometry of first variant of metal
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Fig. 14 Couple (pair) second variant husker roll Fig 16. Housing of bearing

_ _ . Second variant of husking table is displayed on the
The housing of bearing shape is changed because figyre 17., and whole module of husking table is
work principle of husking table is changed, and pew  gpowed on the figure 18.

second variant has simpler geometry, and theré$ore
simplest for casting.

Al

Wl

Fa | VRS T

i >
L 1

Fig 15. First and second variant of housing for bearing
In new variant of husking table, because work
principle is changed, housing of bearing on thergg
20, is removed.

Fig 18. The module of second variant of huskingetab

In third variant of husking table has made the new
simplifications and variations in design solution.
The new solutions are reflected in the new varidirat
pair of husker rolls, as well as and removing treih
the structure of the machine. New variant of husker
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rolls consists of shaft (pos. 1), with rubber rirfgss.

3) and two metal rings (pos. 4) (there is no aast

in structure). The new solution has following

advantages in comparison with previous solutions:

» considerably decreased weight of husker roll

» decreased portion of casting and machining

» simplier subassebly of roll

» considerably decreasing costs of production
Disadvantage of this variant is that it has yelbé¢o

examined, as confirmed in the exploitation condiio

Fig 19. Husker roll of third variant

Fig 20. The couple husking rolls of third variant

Also, it would be reasonable to examine the role,
significance and contributions to the fan on the
equipment for husking, i.e., make and test a pyptt
of this device in terms of exploitation without fan
Third variant of design solution for husking table
(displayed on figure 21) has following advantadés i
compared to the previous two variants:
minimum weight
the easiest way to create
the simplest assembling
with the lowest production costs

YVVVY
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Fig 21. The Module of third variant of husking
table

6. Conclusions

In this paper was presented an approach of
designing models for three variants of the mobile
equipment for husking maize. The reason for making
designs for the three variants of the machineas ith
is a new product who must undergo testing of the
prototype, after which will be able to assess which
variant is the best. After testing the product lgasn
happen that all three variants of the product are
acceptable for the market and in this case, thdtriss
- families of three different variants of produdts
the same purpose, which is in line with moderndsen
that companies products different versions of the
same produces to meet the needs of the marketsand i
customers. The platform of the three variants bl
acceptable only if each of the variants has an
acceptable cost of production. So, the reliabiéinhd
efficiency of the machine is not the only measina t
has to be achieved that the three variants bechee t
family of products which will be manufactured in
serial production. Platform for the design process
presented in this article makes Axiomatic theory
combined with the experience of the author in
designing similar products, and a parametric pnogra
for drawing and designing Solidworks. This program
is a tool that is significantly shortened the time
required for the designing of this machine, and is
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known that the process of designing has the most
significant impact on production costs.
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Abstract

In order to investigate the efficiency of black @omemoval by double stage flotation, recycling wasformed on
Navigator office paper printed by two different@ot laser printers XEROX PHASER 7700 and LEXMARK C9R0.
chemical deinking by flotation the sodium lauryktsulphate as the nonionic surfactant was usedhs$-mollected by
flotation were re-floated in purpose to increase tisage of fibers. For an efficiency evaluatiorabbve-mentioned
method, an image analysis of all formed handsheassdone. During the first flotation the removabafticles bigger
than 0.07 mrhis very well achieved, whereat some better efficiefor Lexmark toner removal was obtained. By
second flotation extra removal of particles biggem 0.04 mhwas accomplished. Image analysis results gained on
froth handsheets point out the good efficiency afbon toner removal from Lexmark and Xerox frotlsgnsion.
These results indicate the need for froth flotationpurpose to achieve enhanced usage of fibreshamvere in
previously done flotations removed from suspensigether with impurities.

Keywords: Office paper, Recycling, Chemical deinking, Douliege flotation

1. Introduction the recycling efficiency. Also many printer prodtge

are available on market: Xerox, Canon, HP, Lexmark,

Office papers are widely used every day, not jost i Epson and others. Nonimpact printed white office
photocopying purposes, but also for handwriting andpapers that include xerographic and laser printgebs
printing documents used for archiving. This type of are difficult to deink with conventional deinking
paper, like any other, is the product made frommethods [2]. Because offices use more laser psnter
vegetable origin fibers, mostly of wood. In order t and copy machines every year, the amount of
decrease the cutting of trees, which are usedeagath  nonimpact printed papers entering the recycled pape
materials for paper production, the recycling opga  stream is increasing. Ink removal from these papers
is necessary. The production of a good quality paperemains still a major challenge. Conventional cloaini
requires an adequate modification of the secondarydeinking is not an effective mean for deinking
fiber properties and the removal of a large amafnt nonimpact printed papers. The efficiency is due
contaminants, namely stickies, sizing and coatingprimarily to the strong adherence of the tonerigiasg
agents, mineral fillers and inks. to the paper surfaces [3], [4].

Recycling of the used papers is a complicated Enzymatic deinking methods represent a new
technological process composed of four basic psocesapproach to convert these recycled papers intatgual
units: a) disintegration or defibering — which caieps  products [5], [6].
the preparation of used paper suspension, b) rdrmbva Nowadays the requirement for paper manufacturing
impurities from the suspension, mostly by washing o from recycled fibres is increasing. Chemical demgki
flotation, c) whitening of fibers and d) treatmerftthe flotation for impurities removal is a usual methfud
process water [1]. paper recycling used in paper mills all over theldio

It is difficult to define the recycling rules, whic  However, during flotation process the lost of fibiis
would be equally valid for all papers on global unavoidable. Fibres are important raw material for
landfills. Chemical composition of paper, printiimgk recovered paper production. So in this work the
and printing technique have an important influenne  maximal usage of fibres after flotation was tried t
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achieve. That is why the double stage flotationval suspension volume for flotation cell. Namely,
as the froth flotation collected during flotationasv ~ suspension was agitated before division but some
performed. differences in solution composition after divisioras
expected because of precipitation of some compenent
2. Methods and materials used for research During the first flotation the froth was manually
collected.
For the deinking flotation investigation the
Navigator paper (grammage of 80 @nprinted only [DESWTEGRAT‘ON ]_,[HOMOGEN‘ZAT‘ON]
with black toner by laser colour printer XEROX p———
PHASER 7700 and LEXMARK C920 has been used. — 'W\"‘
Each printed output contained 848 words arranged in Visuspesior A< 6L V{auspesionB) =51 !
56 lines. Navigator paper was chosen for printisg a ' L S A
one of the most used office paper on Croatian marke
Chemical deinking by flotation was done using
Enrico Toniolo disintegrator (V = 2.0 L), laborayor H;;m, Tesosuspens | FLOTATION 2 ;heresmfsusgeLsi :‘mh&etm
flotation cell (Vv = 12 L) and handsheet former for fostn’ ) S N fosgn’

Handsheet after

handsheet dimensions 340 mm x 250 mm (Figure 1). aima
The apparatus consists of two parts separatedrbgrsc

In upper part suspension and water are repellede wh
the bottom part is filled with water.

FLOTATION 1
suspension B

FLOTATION 1,
suspension A

Handsheet before Handsheet before
flotation 1, flotation 1,
Ad Bd

Froth

)
<<

Froth A
Froth B

FROTH FLOTATION
—_— Froth A+B +AB

Froth Total froth
handsheet

| mix Fig. 2. Process flow of chemical deinking by
~ upper part flotation
- for suspension

Laboratory handsheet before flotation (Ad, Bd) and

bottom part after flotation (Af and Bf) was made from each
- filled with water .

suspension. After the laboratory handsheets wedema
arm for watel after the first flotation the rests of the suspensiA

releas and B were mixed into the suspension AB that was

floated (the second flotation) under the same c¢rdi
as A and B suspension during the first flotatiorfiteA
Fig. 1. Laboratory handsheet former. the second flotation the laboratory handsheet AB$ w
made. The froth AB collected in the second flotatio
The schematic presentation of deinking flotation Was mixed with the froths A and B collected in thst
process flow is presented in Figure 2. At the samdliotation. The collected froth was homogenized with

experimental conditions, but separately, paper fsnp the addition of 10 litre of tap water and afterttha
printed by different printed was recycled. floated for 8 minutes. By froth flotation the_lmpnﬁrs
Disintegration of 100 g printed paper sample dudfig  Were manually co!lected on the suspension surface.
minutes in 2 litre tap water at the temperatur&@c, After_the flotation time the whole suspension freime

pH value of 11 (adjusted with soda alkali) and the flotation chamber was used for making the laboyator
consistency of the suspension of 5% was performedhandsheet from froth.

The sodium laurylethersulphate as the nonionic ©On all laboratory handsheets formed after the
surfactant was used. The suspension obtained by thEcycling the image analysis were made.

disintegration was homogenized with 10 litre ofdcol _

tap water, and the temperature was decreased®@t 30 3. Results and achievements

with the pH value of 7.5 and the consistency oB%8 ,

This homogenized suspension was divided into two 1 he total number and the total particle surfacelbn
parts A and B, of equal volume, which were sepérate hand_sheets made dunr_wg t_he chemical deinking by
floated during the time of 8 minutes after the &ddi  flotation are presented in Figure 3. These resaes

of 6 litre of tap water (the first flotation). Negdr obtained by image analysis method on aII_handsheets
suspension partition was occurred as a resultwbig ~ Made from Navigator Lexmark and Xerox printout.
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significantly lower for Xerox black toner in comjson
with handsheets formed after first and second titmta
for same printer printout on Navigator paper. While
Lexmark toner removal from froth is not so effidiers
for Xerox black toner but is still noteworthy.

By image analysis, the particle with the size range

from 0.001 mrA up to greater than 5 nindivided into
25 size classes are identified. The particle siasses
identified on handsheets formed before the first
flotation of suspension A (Ad) are presented inuFég
4. Lexmark and Xerox black toner particles are
fragmented by disintegration into the size rangenfr

Fig. 3. Image analysis results of the handsheet$) 001 mr to 0.25 mrA The identification of the

made during chemical deinking by flotation

particles smaller than 0.001 rAirwas not possible by

o _ _ this method. Although the black Navigator printouts
contained equal number of words arranged in sameize of black Xerox and Lexmark toner particles in

number of lines, does not contain the same totaica

handsheets before the first flotation (Ad, Bd) weot

number of black toner in handsheets made at samgjentified. This difference in toner particle sizsed by
stage of recycling process for Lexmarx and XeroxX djfferent printer machines greatly influence ortdtin

printer. For all stages of recycling process haadih
from Lexmark printout contain higher amount of Ixac
toner particle. After homogenisation suspension was
divided into two equal volume parts (A and B), so
before the first flotation laboratory handsheetsloth
suspensions were formed (Ad, Bd). As it was expkcte
Bd handsheets contains greater number of toner
particles for both printers because of precipitatod
some components. The laboratory handsheets of each
suspension after the first flotation (Af, Bf) cosisi
significantly less number of toner particles.

The flotation efficiency was investigated by
detection of toner particles number in handsheets
formed before (Ad and Bd) and after flotation (/3f,
and ABf). The efficiency of the each colour toner
particle removal (B is calculated according to
Equation 1:

after the first flotation (Af) are presented at g 5.

= parthIenumbegeﬁ)reflma{ion - partldenumbe{f{erflma{ion x  100%

E
§ N
partlden um be!;eforeﬂo(atiun

@

The removal efficiency of black Xerox toner for
suspension A is 91.5%, while for black Lexmark tone
removal efficiency is 97.3%. The removal efficieraly
black Xerox toner for suspension B is 94.8% and
96.6% for black Lexmark toner. During the second
flotation (ABf) the part of the both printer toner
particles, which was left after the first flotatiowas
removed. The efficiency of black Xerox toner remnlova
by second flotation is 61.4% and 42.6% for Lexmark

analysing are notable for increasing the usagéefd.
Namely, total particle number in those handsheets i
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From these results it is clearly to see that larger

particles are easier to remove by flotation. Altjlou

After Af and Bf handsheets were made, the rests of

handsheets made after Lexmark printouts disintegrat the suspensions A and B were mixed into the
made contain higher total particle number than Xero suspension AB that was floated (the second flatitio
handsheets (Figure 3), the higher number of blackunder the same conditions as A and B suspension
Lexmark toner particles was removed by flotation in during the first flotation. After the second fldtat the
comparison with Xerox particles at same experinmentalaboratory handsheet ABf was made and the particle
size classes identified on that handsheet is shawn

conditions.
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1000 q

100 4

Total particle number
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before the first flotation of suspension B (Bd); L-
Lexmark, X-Xerox

At Figure 6 classes of the particle sizes iderdifi@
handsheets made before the first flotation of B  During the second flotation the part of the pagtcl
suspension (Bd) are presented. As it was expected B(especially lager ones), which was left after thet f
handsheets contains greater total number of toneflotation, was removed. It is interesting that sezond
particles for both printers in comparison with Ad flotation is more efficiently for black Xerox pastes
handsheets because of precipitation, which isthat were heavier to remove by first flotation in
unavoidable consequence of suspension divisioomFro comparison with black Lexmark particles.
obtained results it could be conclude that sizéonér Based on image analysis results flotation efficyenc
particle effect on precipitation. Higher numbetdarger  was calculated according to Equation (1). By thst fi
particles in Bd handsheets is consequence oflotation of suspensions A and B and second flotati
precipitation. of AB suspension 95% of black Xerox toner and 98%

The particle size classes identified on handsheet®f black Lexmark toner were removed.
formed after the first flotation of B suspensiorf)(Bre Image analysis results of froth flotation collected
presented at Figure 7. Just like for suspension Agduring the first (Af, Bf) and second (ABf) flotaticare
flotation efficiency for suspension B is better farger  presented at Figure 9. The suspension for frotatitmn
toner particles. (A+B+AB) was made from impurities collected with
froth. After flotation of froth suspension froth
handsheet was formed. When we compare the total
number of particles in froth handsheets indentifigd

Handsheet after the first flotation (Bf)
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. I III. 1 | || | 5. numbers. These results pointed out the efficienty o
Llx] I T froth suspension flotation, i.e. it is possible reuse
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Fig. 7. The image analysis results of handsheets
after the first flotation of suspension B (Bf);
L-Lexmark, X-Xerox
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10000- Handsheet afte froth fotation (1) o0 were in previously done flotations removed from
suspension together with impurities. In all formed
handsheets after flotation (Af, Bf, ABf, fth) by iga
analysis method particles smaller than 0.04°mmere
. identified. From these results it could be conclhdey
10 those small particles are merged in fibres lumehian
|| | I I that way their removal by flotation is impossible.
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Fig. 9. The image analysis results of handsheet
after froth flotation (fh); L-Lexmark, X-Xerox
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Abstract

This article presented an energy analysis and cosguaof energy consumption of two similar facédi for its

intended use. This is the catering facilities whigk comparable in their activity, based on a caispa of energy
consumption in both areas (consumption of eletyrand natural gas consumption). There are seeesdficients that
influence the size of the object which can be gastitained and they are taken into account. Enangyysis is made
during more than a year and passed on the basibeotonclusions related to the relationship betweeergy

consumption and installed equipment for a particplarpose and employer’'s and guest's habits reltdednergy
consumption for a particular object. There areousiparameters which may affect the comparisonthaitletailed
analysis we propose try to exclude those that moll affect the comparison of the main objectiveghef analysis.
Here, the comparison is done using different ensmyces for air-conditioning facility, which wililtimately affect

large or small seasonal variations in consumpticheenergy.

Keywords: energy consumption, electricity, natural gas,alaitity, load diagram.

1. Introduction

It is for sure basic planning engineers’ assumption
that detailed analysis of power consumption
need to last over a longer time. But here is ablsye
to see, at first glance the real possibility of
comparison because energy consumptions of both
catering facilities followed simultaneously in the
same period of observation (more than one year) on
the monthly schedule. The impact of quantitative
variations of external temperature on the resultb®
analysis can be avoided in this way. Of courseethe
are seasonal fluctuations in energy consumptiore(he
depending on the number of guests) or increase
spending during the holidays. Comparing
the measured data of energy consumption given over
a long number of years could reach a variable gnerg
amount and the total required energy ratio anda rati
of variable energy amount and constant part of the
energy consumption.[1] Of course, some assumptions
over the monitored period applied here are:

a) There is no new devices to increase power

consumption and

b) There is no increase of the capacity of

catering facilities, such as interior space, the
total object’s volume, number of rooms and
similar.
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The annual consumptions of different kinds of
energy for both objects are made and presented like
time-depending curves. [2] Electric energy monthly
amount is adapted in energy amount per day during
monitored month due to inexact number of days
between two consecutive registering of electriacgye
consumption aiming to get more properly measured
data. Also, monthly peak electric loads of bothechs
during a year are made. [3] It is especially imaott
to pay attention to the maximum and minimum values
of peak monthly load and monthly energy consumed
during the year and the values of deviations from t
average value per month during the year. The power
system is particularly exposed to problem of large
variations in load (power) in a unit time. [4]
Variations of electrical power required to satisfy
customers can be analyzed during the day, month or
year. [5] These variations are related to humaimdiv
habits at home, and proper disposition of human
activities during the day, such as the durationhef
school, working hours of hospitals, public offices,
trade and industry. Entire power system, including
large production capacity (power plants or imports)
should be dimensioned according to the highest
possible expected load on the system. Maximum
possible amount of electric power/energy and the
energy production prices of a certain amount of
electric power/energy in domestic power plants
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depends on a number of parameters such as the as the biggest problem? It is short season anchine

installed capacity in existing power plants, power
plants scheduled closing time, all plants posditdel
range, specific marginal costs of each plant ($/kW)
planned periods of maintenance and cost of
maintenance, hydrological conditions, opportunities
and the use of pumped storage hydro capacity, the
price of primary energy in the world market and so
forth. In other words, the power system must cargin

to perform its function regardless of the size loé t
load. Clearly, there are certain technical limEsch

of the elements of the system must be able to dwld

a peak load over the elements (overhead lines,
underground cables, power transformers) which must
be transmitted. Also, it is necessary to providé ho
reserves in power plants to currently produce
increased power/energy demand or the possibility of
international agreements for emergency and
unplanned energy imports, which is particularly
expensive.

2. The analysis of the performed
measurements of energy
consumption

The comparison of energy consumption of two hotel
objects (electricity and natural gas) is shown here
Objects have the same function (business actitity)
with different guest's capacities (different sudgacor
volume of the object). Although these differentestf
two objects, it doesn't affect on energy comparison
and/or on definition of the main goals of the here
performed research. Using proposed step-by-step
approach, different energy sources for air-cornuiitio
are analyzed. Air conditioning devices are facilityich
consumption is ultimately affected by change irdoat
temperature and it can affect on large or smabseal
variations in the total energy consumption.

Of course, monthly energy consumption and
coupled expenditure for each of the hotels is dasy
estimate and according to applicable natural gaff ta
system will not significantly affect the total anmbypaid
for energy. Large volatile in energy consumption
demand need to impact on higher prices to penalize
necessarily installed capacities in power systetre T
most of problems connected with development plannin
in the system and ordering activities of import rjitg
of natural gas on time-base are caused by establish
natural gas tariff system in Croatia. Change iifftar
polices result in competitiveness increases. When w
talk about the problems of our tourism, which staodt
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goal is to extend it. Why? Due to the depreciatibn
major investment, total fixed costs of service high
what impact on reducing competitiveness. Compating
with investments in power facilities and gas nekyor
then we realize that we must take a different gnerg
policy to have a balanced energy consumption clive.
meet peak loads and large seasonal variationscim su
power systems, large capacity power plants anc larg
gas storage spaces have to be built which as
consequence contribute to high investment, which
ultimately affects the price of gas and electrigitice. In
addition, network infrastructure costs in such saske
seasonal use are very high.

Comparing the consumption data, we can see that the
hotel that uses gas for cooling facility in additito
heating facility, hot water producing and cookingsh
negligible little variation in electricity peak ld&ngaged
between summer and winter (object 2). Here, peak
monthly load deviates 11.5% during the
year compared to the average value and monthlyggner
consumption deviates 11.22%. .[2] Another hotefakp
monthly load deviates 38.5% during the year contpare
to its average value (object 1) and monthly energy
consumption deviates 30.32% to the average
consummated energy. It is even untoward if ratio
between maximum and minimum monthly peak load are
taking into account: 78.4% (object 1) and only 28.4
(object 2), Figures 1-4.

Electric energy consumption per day, during 2008.,

kWh/day object 1

250
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T~
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1 2 3 4 5 6 7 8 9 10 11 12

Month

Fig. 1. Electric energy consumption diagram,
object 1

Air conditioning devices installed in object 1 deel
by electric energy and it is the cause of suctaxags in
electric power diagram during the summer when tlsere
increasing demand for energy need for air cooling.
Exactly that increased peak load in a short tinr@ge
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(comparing to vyear) has resulted in increased
production and network capacity that can affecipitiee
of electricity to all consumers.

Electric energy consumption per day,

kWh/day during 2008., object 2
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Fig. 2. Electric energy consumption diagram,

object 2

Monthly peak load during 2008., object 1
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Fig. 3. Electric peak load diagram, object 1

Monthly peak load during 2008., object 2
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Fig. 4. Electric peak load diagram, object 2
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Gas consumption, object 1 during 2008.
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Fig. 5.Gas consumption diagram, object 1

Gas consumption, object 2, during 2008.
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Fig. 6.Gas consumption diagram, object 2

On the other hand, consumption of gas shows that
grateful consumer is one with air conditioning feyl
natural gas because of its gas consumption vapi¢s u
100% and the lowest energy amount is needed during
the transitional period between summer and winter,
while the ratio of consumption during the summer
compared to consumption during the winter is ofl§5
(object 2). The relationships of natural gas congion
in periods of summer-winter ranges of up to 600%
(object 2) are presented on Figures 5 and 6 fdn bot
objects.

4. Consequences on performed
analyze of energy consumption

Such a consumer who does not have large
oscillations and consequently does not requireageor
facilities and large investments and also doediféca
on the price of gas, is actually the most grateful
consumer. Such a consumer uses built on network
throughout all the year. In comparison with thesgay
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aspect, it is the same as if you have tourists/edr
round staying in your hotel. Air conditioning fed b
natural doesn’t outcome any additional burden ler t
gas network. Therefore, we have a balanced spending
very well used investment capacity of the gas Ridt
should be encouraged through regulation and sddshou
not address a request for greater capacity of power
system and additional gas storage.

The ideal situation to the power system would be
existence of the constant load with as little assjte
variations in load by means with lower frequency of
occurrence of small deviations from the constaatllo
and with the smaller values of deviation. Of course
real world, it is almost impossible to achieve, the
tariff policy need to stimulate the customer tordase
the value of peak power or in other words to puttigh
large peak power measured by electricity metering
devices. Within the existing tariff system for the
sale/purchase of electricity only small part bebtawi
(increase prices in specific parts of the dayheftoday
electricity market is modeled. Power market energy
price is in permanent redefinition during periods o
greatest need (maximum load) accompanying with
rising energy prices due to congestion of available
network capacities which lead to very high marginal
costs.

Large customers have permanent engagement to plan

peak month load during the next 12 months. Allowed
deviation from the planned peak load is +20% and -
20%, so realized peak load need to be in range &@m
120% of planned peak load. In the case of lowek pea
load realization then to 80% of planned value,gatéd
charge to pay is exact minimum of 80% of planedeal
Power system expanses are accompanied with lower
system peak load like: too large amount of eldttrio
product by precise scheduling and agreed upon impor
electricity which is typically much more expensitan
domestic production and irremissibly (orders with
exactly certain amount of energy in exactly a daerta
time). In contrast, in the case consumer’s peakl loa
during the
month claimed peak power greater than 120% planned,
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realized the difference of up to 120% in the double
penalized cost power.

4. Conclusion

From the above considerations, the peak load
of the power system and/or stabile consumptiorhef t
gas system can be changed only by guided enerigy pol
in order to increase the consumption of gas in the
summer to take advantage of gas infrastructure tand
reduce imported power during the summer, which
ultimately affects the lower price of electricitydagas.

By making the analysis it is possible to implement
the planning of consumption of the same objecthién
near future, or influence to change devices orgner
consumption habits.
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Abstract

The problem of gas leaking on threaded joints seaith hemp in home metering and control units (MEbkscurs in
daily installer’s praxis. Same is affirmed basedeaking analysis provided in this paper. Basic cje of the paper
is to investigate reliability and safety of sealthgeaded joints in MCUs with sealing cord at diier number of turns
(from 6 to 10 turns) and at different working prees (from 1 to 6 bar). Experimental work inclutiesting of sealing
cord Loctite 55 with two material combinations &tbrass, brass—aluminum) in threaded pipe joiftgv/bitworth
form at temperature 24 °C.

Keywords: leaking analysis, threaded joints, sealing coad, gipeline installation

1. Introduction Apart from mentioned, sealing cord can also be used
for sealing threaded joints. The result of deveigphis
Application of hemp and non-curing sealing kind of sealant is product Loctite 55 that contains
compounds is very often in developing countries for sequence of little fibers. Reliability of its apgition in
different installation types, especially in natugds  sealing of threaded joints is going to be investigan
installations. Beside of carefully assembling, isttlyy  this paper. The leaking of the gas from commercial
faces with leakage problems of such joints aftev fe pipelines is not only safety problem; it shouldoals
years of exploitation. Nowadays, most of the cdestr regard as direct loss of financial resources fos ga
and especially industrial developed countries devot distributors. Therefore, it is necessary to deteemi
great care to development and application of sgalin positions and frequency of the gas leaking as aslo

materials for sealing of threaded joints in gasei®  analyze the possible causes of leaking and to thige
installations and installations for other medium. eventual solutions to improve Sealing_

Main task of thread sealants is to prevent leakdge
gases and liquids from pipe joints. All such joints 2. Leaking Analysis
consider being dynamic due to vibrations, changing
pressures or changing temperatures, which induct  Standard DIN 2999 [2] defines mode for making
special requests on them. With growth of natura ga threaded joints in gas pipeline installations. lasg

usage, possibilities of risk are also increasing] for plpgllne |pstallat|on§ threaded joints are made as
o . . Whitworth’s where internal thread is cylindricaldan
that reason, it is necessary to direct all attentm

) L . . external thread is conical. The main task of sealin
tightness of sealedjglntsm ggs mstallgtlons. ~_ materials is to fill clearances between internatl an
The usage of various sealing materials for ach@vin oyiernal threads, and by that assure tightnessiifsj

tight threaded joints in gas pipeline installatioilss  nder medium pressure.

regulated with EN 751 [1] standard. According to EN To set the natural gas consumer in motionkwor
751 regulations non-curing sealing compounds,performer has to make the home metering and control
polytetrafluoroethylene (PTFE) tapes and anaerobicunit (MCU) and to seal all elements safely. An gsal
polymer can be used for sealing. of the gas leaking in home MCUs has been performed
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in the gas distributive region Papuk Ltd. (location
Orahovica and’aginci) [3]. The installation systems of

3 bar inlet pressure have been analyzed. Each MCLU
consists of seven threaded pipe joints (schematic

overview in Figure 1), all sealed traditionally kvit
hemp and non-curing jointing compounds.

Fig. 1. Schematic overview of MCU (A-sub, B, J-
bulb-cock, C-fitting reducer, D-nipple, E-filter;end,
G-regulator of the pressure, H-gas-flow meter,iban

flat joint, 1.--7 — threaded joints) [3]

TEAM 2009

NO. OF ANALYZED MCUs: 50
TOTALNO. OF JOINTS: 350
NO. OF LEAKING JOINTS: 18 (5,1%)
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Position of the joint

Fig. 2. Gas leaking frequency in the location of
Orahovica,
pu = 3 bar

If leaking positions in figure 2 are observed, st i
obviously that all defective joints are placed from
position 1 to position 5 where gas pressure isr3lbes
also visible that there is no defective joints @sipons
6 and 7 where gas pressure is 22 mbar.

In the location ofCaginci have been analyzed 50
MCUs or 350 threaded joints. Total number of legkin
joints is 24 or 6,9 % [3]. Figure 3 shows gas lagki
frequency on each position of threaded joints ie th
location ofCaginci.

Gas leakage on each considered MCUs, has been

controlled using a foam-detecting agent [4].
2.1. Results of Leaking Analysis

A total of 100 MCUs (700 threaded joints) have
been analyzed in the gas distributive region Pdpdk
at 3 bar inlet pressure [3].

From the total number of analyzed threaded joints
42 (or 6%) appeared defective. In even 30 (or 30%),
from the total number of analyzed MCUs, has been

perceived gas leaking on threaded joint [3].

In the location of Orahovica have been analyzed 50

MCUs or 350 threaded joints. Total number of legkin
joints is 18 or 5,1 % [3]. Figure 2 shows gas lagki
frequency on each position of threaded joints ie th
location of Orahovica.

NO. OF ANALYZED MCUs: 50
TOTALNO. OF JOINTS: 350
NO. OF LEAKING JOINTS: 24 (6,9%)

12
e
(&)
=
£ 10 A
O
o
e 4— 4
5_
= 22
3 0 o
0 T T T T I-I-I

Position of the joint

Fig. 3. Gas leaking frequency in the location of
c&inci, py = 3 bar
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Figure 3 shows that all leaking points are from
position 1 to position 5 where pressure is 3 bafq(te
regulator of the gas pressure). Alike can be calezdu : : : ? ?
that on positions 6 and 7 are no leaking pointabse
those positions are in the area of low gas pres@fe 1 1 1 1 1

mbar). Ej.: . 1

2.2. Discussion of the Leaking Analysis Results

In spite of regular tightness control in MCarsd Pt Bulb - cock
its sanation, the analysis has shown an unacceptabl = Aluminum plug
high number of threaded joints, in which gas leakag ‘@‘ MManometer

has been detected. There are many factors influgnci
the reliability. It might be the thread length,
uncorrected cutting tool, sealing material or maorky Fig. 4. Schematic overview of experimental setup
However, the analysis has shown that one of the mos [3]

important factors is applied sealing method [5, 6].

Quality carried out joints in gas pipeline
installations are important to distributors notyoifdr
safty but also for financial reason.

Therefore, authors have conducted experimental
investigations in which sealing cord has been apgh
some positions of the commercial gas pipelines and
compared with the same positions on pipe work seale
traditionally. That effect previously conducted lys&s
as an important basis for further investigation on
sealing cord Loctite 55.

3. Experimental Investigations
All  experimental procedures have been

conducted on R%:" pipe fittings of Withworth form][2
with different fitting material combinations, diffent

number of sealing cord turns and at different pneess Fig. 5. Experimental setup [3]
on each test tube. Working temperature was 24 °C. _ o _ o
Among other, objective of experimental investigasio Two material combinations in threaded joints

was to determinate reliability of sealing threagsidts ~ were tested: steel-brass (1) and brass-aluminum (2)
with sealing cord Loctite 55 at minimum 6 to maximu Three experimental runs have been applied.
10 sealing cord turns (manufacturer recommends fromSummarized, all factors and level values are shimwn

7 to 9 turns) [7]. Table 1.
3.1. Design and Course of the Experiment Table 1. Influencing factors and their levels [3]
Joints have been carried out on the model made Factors Levels
of elements that are used in home metering andalont A | Working p=1 bar
units. Experimental setup for testing joint tighgaeat pressure p=2 bar
different number of sealing cord turns and at dfe p=3 bar
pressures, consists of five test tubes marked lefiters p=4 bar
A, B, C, D, E that are made of steel pipe consioact p=5 bar
brass bulb cock and aluminum plug (figures 4 and 5) p=6 bar
B | Fitting material| steel-brass 1
combination brass-aluminum| 2
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Experimental tubes were prepared in the way that on
the first test tube every fitting material combinathas
6 turns, on second test tube has 7 turns, on thst
tube has 8 turns, on fourth test tube has 9 tundsoa
fifth test tube has 10 turns. Figure 6 shows pregpaest
tubes with the number of sealing cord turns as
previously described.

Fig. 7. Testing joints tightness [3]

Besides at working pressure 1 bar, described
procedure has also been conducted at pressures2from
to 6 bar.

Fig. 6. Prepared test tubes with ealing cord kecti 3.2. Results and Discussion
55 [3]
Since all threaded joints have been tested on

Prepared specimens have been loaded at workingightness, results were registered and shown ifeTab
pressuregp=1 bar and afterwards tightness of all joints

has been controlled using a foam-detecting agent
(Figure 7). Experiment has had three runs.

Table 2. Results of an experimental investigatiorsafty sealing of DN 20 (3/4") joints with Locti® sealing
cord

Test
tube n
Pressur¢ 1 | 2|1
bar
p=1 | -] -] - . 1
p:2 e e e e o e e o e ! L e - - - - - -] -] -
p=3 - -1 -] -1 -1 - - -1 -1 -1 - - - - - - 4 4 4 4 4 N I I I I
p:4 - - - - - - -l - - - - - - - - i - 4 i 4 - - - - - | - -
p:5 - - - - - - -l - - - - - - - - i - 4 i 4 - - - - - | - -
p:6 e e e e o e e o e ! L e - - - - - -] -] -

n >
I W
no
o

m

N o
=
N
=
N
[
N
=
N
=
N
[

Legend: x leaking; - not leaking; n — number dafliswy cord turns; 1 steel-brass; 2 brass-aluminum
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Obtained results show that at minimal number of

sealing cord turns (6), at different pressuresffoto

6 bar) and with different fitting material combiitats
(steel-brass, brass-aluminum) has not been detected
gas leaking. Even more reliable joints have been
obtained with increasing the number of sealing cord
turns to maximum recommended (10).

It is clearly that DN 20 (3/4") threaded joirtk

Withworth form sealed with sealing cord Loctite 55
are reliable when using recommended number of
sealing cord turns at working pressure 3 bar.

If sealing cord is wraped more then

recommended it should be considered that damage of
embedded armature could occur while mounting as
well as displacement of sealing cord that effecs g
leaking on such joints.

Furthermore is important to mention that joint

must be drizzled to prevent displacement of sealing
cord while mounting MCU.

4. Conclusion

An investigation of gas leaks in home metering

and control units (MCUs) has been performed in the
distributive region Orahovica. The analysis hasxsho

an

unacceptable high number of threaded joints (all

sealed traditionally with hemp and non-curing
sealants) in which gas leakage has been detected.
Further analysis has shown that one of the most
important factors influencing on leaking possililis
applied sealing method. Therefore, an experimental
investigation of sealing cord was conducted aintong
improve traditionally sealing method using hemp and
non-curing compounds.

The results obtained in experimental

TEAM 2009

From metioned above can be concluded that it is
more reliable to use other technical possibilites f
sealing threaded joints, such as sealing cord, then
hemp and non-curing compounds. It is also necessary
to follow up development and new achievements in
sealing area, try them on models and in praxidab t
sealing of threaded joints in gas pipeline instaltes
become more reliable and permanent.
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Abstract

The presence of residual stresses in polymerieplafter thermal processing influences to a gresne the
deformation behaviour of the product. Usually thegeis flat after the manufacturing process; havem most cases
the plate is internally strained. If the interngudibrium of such plate is disturbed by sectionitigen macroscopic
distortion will occur and the plate would curve.eBl distortions are proportional to the magnitutdstresses in the
removed section. A Layer Removal Method is combithedretical and experimental method for determinggidual
stresses in polymeric plates. Many mathematicalpaadtical aspects of this method are describédisgnwork in order
to give better understanding and expectations wiandling with stressed polymeric plates. The vdiiaof the
method is presented through numerical simulatiotnefayer removals from two stressed plates.

Keywords: Production Engineering, Polymeric Plates, Resi@uasses, Layer Removal Method, Curvature Functions

1. Introduction

Thermal processing is a cheap and efficient way of
manufacturing plate shaped polymeric products.
However, it suffers from am important side effect
which may considerably affect the products’ final
performance. During thermal processing and non-
uniform cooling from an elevated temperature, above
100 °C, to room temperature, strains become 'frozen
in” the material. These frozen-in strains lead to
undesirable distortions and residual stresses én th
final product [1]. Frequently, the flatness of {hiate
is of the prime importance to the user, thereftre t
absolute necessity to the manufacturer and adequate
method for measuring residual stresses is requged
describe the deformation behaviour of the final
product.

Measuring residual stresses in plate shaped patymer
products is a complex process. In general, thelualsi
stresses are not measured directly, but are detmimi
indirectly via other variables that can be measunede
easily, like strains and radius of curvature of fiate
surface. However, the conversion from measurecesalu
into residual stresses is a cumbersome and mathelfyat
demanding process, and can introduce substantigb.er
The source of errors lies in the experimental pieaiof
the measurements and more importantly, to the elégre

which the actual sample complies with the assumgptio
incorporated into the stress conversion algorithm.

In this work we concentrate on the layer removal
method, a well-established experimental procedure
suitable for measuring residual stresses in the pkaped
products [2].
the

2. Description of

Removal Method

Layer

The layer removal method is a destructive method
used to determine the through-thickness distributb
residual stresses in plate shaped or sheet maténiahe
method, successive uniform layers of the material a
removed from the surface of the specimen plate. The
removal of the surface material and consequemtgsts
in it disturbs the internal equilibrium in platehd plate
responds by redistributing the internal stressexiieve
the new equilibrium state [3]. This redistributiaf
internal stresses is accompanied by a visible rtdestoof
the plate. The plate curves and its curvature can b
measured experimentally, i.e. on a Coordinate Mirgsu
Machine [4]. By measuring the curvature of theepédter
each layer is removed, the original residual stpesfile
in the section can be deducted from the measured
curvature.
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2.1. The Method Assumptions

The derived relation between the measured

curvature and the residual stresses is based on the

following assumptions:

— The residual stresses in the plate vary only in the
thickness direction and are constant in all other
directions.

— The material is linearly elastic and responds with
linear stress distributions when subjected to
bending loads.

— The material is isotropic and homogeneous, i.e.
E =const, v =cons , whereE andv are Young's
modulus and Poisson’s ratio respectively.

— The process of machining layers off the plate
surface does not induce additional residual steesse
into the material.

2.2. Plate Geometry

The geometry of the plate element subjected to
layer removal is shown in Figure 1. The plane+z,

represents the top surface of the original platé an
during layer removal this surface shifts to a new
location, given byz=z.

/ s T4

A = M,

" /F _ = -

Fig. 1. Geometry of the plate with layers to be
removed

Before any layer is removed from the surface of
the unconstrained plate specimen, the normal rakidu
stressew,,(z) and o, (z) exist in the reference cross-
sections of the plate normal to and y axis. The

stresses in cross-sections are in the mechanical
equilibrium and produce zero net-forces, Equation
(1a) and zero net-moments, Equation (1b):

jaxx 2dz=0 and Ia (2dz=0

-7
J. Uxx

(1a)

2 zdz=0 and jayy(j zdz=0

(1b)
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2.3.
Method

Theoretical Description of the

If a layer of the material is now removed from the
top surface of the plate, the plate deforms. Its
deformation can be prevented by applying external
loads, forces and moments, equal to the net-fands
net-moments that existed in the removed section.
Upon their removal, the plate would elongate/caritra
and curve in both directions and y . It is preferable
to express all dependent variables in terms of
curvaturesy, and g, since these can be measured

more accurately for the plate, i.eo, (@, .y, ),
a,.u,) et
Due to the initial equilibrium, Equations (1a) and

(1b), the net forces/moments in the remainder ef th
plate (-z,<z<z) are in the equilibrium with the

forces/moments that have kept the plate undeformed.
Therefore, for the cross-section normalxeaxis, the
remaining forceF, and remaining moment1, can

be calculated from:

Fle)= fo(3
T axx(z)[z+z‘);zl} dz

My(zl)=_

In Equation (2b), the centroid of the cross-section
has moved from the initial position=0 to the new
location z=—(z,-z)/2. The easiest way to derive

the required expression fog, =0, (w,.w,) is by

(2a)

(2b)

differentiating Equation (2b) with the respecto

dM {J.axx zdz} 21{20 zijaxx Z)dz}—

=ZO+210- EIUXX(Z)d2=
)

2
1

_%+7dF(z)
2 dz

(3)

Rearranging the terms in Equation (3) we obtain:
d{ F(z) }: 2 dwv,(z) (@)
dz| (z%+2)| (z+z) da

Integration of the last expression in the interval
[z.2,] yields:
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2M,(z) : M, (2)
F(z)=7—22+4(z + Y dz ®)
@)=+l zl)z[(zoﬂ)s
The zero net-force and zero net-moment
conditions,

F,(2)=0 and M (z)=0, are incorporated into

the last expression. The Equation (5) relates the
external force and the external moment to keep the
plate subjected to layer removals flat. If it is
differentiated once more with the respect f the

residual stress distribution is determined:

dF,(z)

O = =

(z) iz
_ 2 dw(z) 2 T
(z+2z) dz zo+zl zzo+2

(6)
The Equation (6) shows that the residual stress
distribution g, is a function of the momenm,

required to keep the plate flat after layers areaneed
from it. The formula (6) consists of three terms:
derivative of the moment, the value of the moment
and the integral of it. The main difficulty in ugin
Equation (6) is the derivative term, it is very siéine

to experimental errors. Unfortunately, the derwati
term is dominant in the near-surface regions where
calculated stress is prone to increased errorsth®n
top surface of the platfz=z,), the residual stress is

obtained only from the derivative term:
1 dv,(z)
UXX(ZO)Zi .

(M
z, dz

‘ 457

The residual stress equation (6) does not contain
any material property constants and hence candg us
for any general material behaviour. However, for
linear elastic material we can expand Equation (6)
using the plate bending equations [5]. These egjusti
relate the applied momenM  to the principal

curvatures of the platg, andy,:

E

My(zi):ﬁ

(z+2)
% v, (2) vy, (2) (8)

Here E andv are the Young's modulus and the
Poisson’s ratio respectively. The positive moment

curves the plate in a "frown” manner along tke
axis. By convention, this will be considered as a
positive curvature and the ”smile” deformation
considered negative. The inverse of curvatyreis

the radius of curvature of the deformed geoméry
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-1 and -1 9
w.(z) 30 and  y (z,) R (9)

(+ve = "frown”, -ve = "smile”)

Releasing the flat plate of a momemt, is

equivalent to superimposing onto it a negative
moment -M, which would result in a "smile”

deformation.
By substituting the negative momertM

Equation (8) into the residual stress Equation (@,
obtain the final layer removal expression for linea
elastic materials:

dwy(zl)}+

0.(z)= aﬁ){(zo + 21)2|:dl/;xz(121) +V az,

+4(z,+2)w(2)+v e, (2 ]ZI[wx (2)+vy,(2)]dz }
(10)

In a special case where the plate remains flatén t
longitudinal  direction ¢ (z)=0, we obtain the

simplified version of the Equation (10):

axx(zi):al‘_%)[(zm) ””xzf 2),

+4(z,+z)y,(z 2_[4[/X Z)dz} (11)

from

This solution will be demonstrated in the following
sections.

2.4. Curvature Functions

Curvatures ¢, (z) and g (z) are measured in

discrete increments ofz. The measured values

cannot be used directly in Equation (10), as their
derivatives and integrals are also required. The
simplest piece-wise linear interpolation functidos

¢,(z) and g (z) between the measured points are

not appropriate as they would produce discontinuous
residual stress profiles due to discontinuous first
derivatives at the measured points. Higher order
interpolation functions between measured poings, i.
cubic spline interpolation, are also not appropriat
although their first derivatives are continuous
throughout [6]. Due to experimental errors,
unphysical variations in the first derivatives (obas
between positive and negative curvature at intbecti
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points) can substantially distort the residual sstre

profiles.
To filter out the experimental errors from
measured curvature points, the least square

polynomial fit [6] may be used to describe the
curvature functionsy,(z) and ¢, (z). The order of

the fitted polynoms must be low (linear, parabolic,
cubic) to achieve smooth residual stress profil¢ish
the polynomial fitting curves employed to describe
the curvature functionsy,(z) and ¢ (z), the

residual stress functiop, (z) is also polynomial of

order increased by one. The parabolic residuasstre
profiles therefore result in linear changes in atuve
during the layer removal experiment.

3. Validation of the Layer Removal
Formula

To illustrate the applicability of the layer reméva
stress formula (Eq.11), numerical simulations g&fta
removals for two stressed PMMA plates are
conducted.

The residual stress profiles within two plate
specimens are assumed to be known, see Figure 2.
These profiles are predicted numerically from the
thermal processing data during the manufacturing
process, where during the cooling process modteof t
frozen-in strains are induced into the material thue
non-uniform solidification process [1]. The predidt
residual stress profiles are almost parabolic T#o
plate specimens referred here are "fast” and "slow”

cooling, indicating cooling rates during the
solidification process.
6.35 [T T T

La
—_
Q

I

—S6e

fast cooling N\
slow cooling

e
)

thickness coordinate (mm)
L7~ )
=
B |
I

635 o

-3¢0 25 200 <13 -0 -5 4] 5 20

residual stress (MPa)
Fig. 2. Residual stresses in two plate specimens

Both specimen plates are 254 mm wide and 12.7
mm thick and very long in the longitudinal directio
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y, and thereforey (z)=0. Both plates are initially
flat, i.e. wx(zo)= 0. The elastic properties of plates are

E= 762Paandv = 035.

The fast and slowly cooled plates are now
subjected to layer removals from the top surfaeehE
removed layer disturbs the internal force and mdmen
equilibrium. The net-forces and net-moments
contained within the sectioned plates can be
determined from the residual stress profiles (Fagir
by means of Equations (2a) and (2b). Quantitatively
these functions are presented in Figure 3.

635
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= 3
I

\ — fastcooling
N —— slow cooling
bt il

0.00 20,00  40.00
net-force (kN/m)

5% i
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6.35

w
—
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thickness coordinate (mm)
w =
=] =

-— fastcooling

== slow cooling

P . B TR e

100 150 200 250
net-moment (Nm/m)

-6.357 *

o 50
Fig. 3. Net-forces and net-moments contained

within the plate as a consequence of residualssses

The graphs in Figure 3 show that the residual
stress profiles (Fig.2) satisfy the equilibrium
conditions of zero net-force and zero net-moment
(Eg.1a, 1b), when no material is removed from tpe t
surface of the plate(z =z = 635mm). Since the

residual stress profile is symmetrical, the netéois
also zero in the mid-plane of the plafg = omm).

The maximum force and moment is released when
approximately one quarter of the plate is removed

(z, =z, /2= 317mm).

3.1. Deformation Behaviour of Plates

Numerical simulation of layer removals is
performed in several stages. In the first instarxe,
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layer of material of thicknesAz= 635/8= 0.8mm is
removed from the top surface. With one layer
removed, the top surface is at the location
z, = 635-08= = 555mm. The process of removing

layers is repeated 8 times in succession, at which
point the original thickness of the plate is halvéde
location of the top surface is now described with
7z, =0.

The deformation behaviour of two plates during
layer removals is notably different, see Figurd He
fast cooled plate curves more than twice as much as
the slowly cooled plate. These curvatures are in
proportion with net-moments contained within the
plates via residual stresses.

—  fat cooling
slow cooling

s R=5.033

slow cooling

— fast cooling

displacement magnification factor =3

s ; i
d —  fast cooling
) ~ slow cooling

Fig—: 4. Deformed profiles: a) 2 layers removed, b)
4 layers, c) 6 layers removed, d) 8 layers (haf th
thickness)

Although the net-moment, i.e. bending moment, in
both cases reaches a maximum after a quarter of
thickness is removed, see Figure 3, the curvatire o
the plate keeps increasing even further when more
layers are removed. This is due to fact that the
bending resistance of the sectioned plate decreases
more rapidly with the removed layers than the
calculated bending moments from Figure 3.

3.2. Residual Stress Back-Calculation

TEAM 2009

The residual stress profiles (Fig.2) and the
resulting curvatures (Fig.4) are linked with thegeal
theoretical expression (Eq.11), which applies for t
plane strain layer removal cases [2]. This formula
requires curvature functions for both plates iroarf
w (z), which are presented in Figure 5.

-0.8 Wi s =T B
~a— fast cooling
-o— slow cooling

linear LSQ fit

0.7

cu

o

W

i
gty !

0.1

PR I N O O O O O

1.59 3.17 476
location of the top surface (mm)

Fig. 5. The layer removal curvature profiles

0.0

0.00 6.35

All deformed shapes from Figure 4 exhibit "smile”
deformations, and thus all curvatures are negative.
The symbols in the Figure 5 represent curvatures
determined from numerical simulations in Figure 4.
The points are well represented with the lineamfit
curves, obtained using the least square method XLSQ
The LSQ fitting curves are differentiated and
integrated as required in the layer removal formula
(Eq.11). The calculated theoretical residual stress
curves are plotted in Figure 6.
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Fig. 6. The layer removal stress profiles

The calculated residual stress profiles correlate

very well with the expected residual stresses from
Figure 2. However, some discrepancies are stitehot
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although the linear LSQ fitting curve seams an afmo The authors would like to acknowledge the past
perfect mathematical fit for the curvature funcdon collaboration  with Mechanical Engineering
In Figure 6 we are able to determine only residual Department, Imperial College London on Residual
stresses in the top half of the plate since only ¢fa Stress Project.
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Abstract

In this paper, we discuss solutions for the stapking problem with sequencing constraint. Thisetgb strip-
packing problem is important for many industriapbgations, yet we are focused on cutting plan gaian in
corrugated paperboard industry. It is a stronglyhéiRd combinatorial problem, multi-objective andngex. After
problem analyzing and main research papers ovepvieapropose a simple, yet effective, model of sohs space,
which is significantly reduced so that it contaordy feasible solutions. This approach leads towthele problem
solution based on heuristic optimization algorittupported by appropriate database model.

Keywords: Corrugator cutting schema; Strip packing problenttdPa sequencing

1. Introduction to the problem tendency of simplifications of some in reality much
more complex problems. This can cause a gap between

theoretic models and practical solutions. AppliGgbi

of a theoretical solution-model also depends on the
scope of real problem, which it encompasses.

For example, in paper packaging industry an exact
solution of trim loss problem minimization may be
considered as acceptable if other characterisfithen

From the theoretical point of view, the problem
under consideration is a kind of combinatorial
problems. It is a special type of two-dimensiortéps
cutting or strip-packing problems. Specializatidrthe
standard strip-cutting problem is defined through

additional requirements. Two most important, are : : :
. . L . : roblem are not viewed as the whole: dynamic and
sequencing constralnt and _gunlotlne con_stralnt_. Encertain nature of orders arrival time ar¥d qugntit
Solution of the strip-cutting problem is cuttincapl  rysh orders, continuity of corrugator production,
as a sequence of cutting schemas by which man¥cheduling, second phase of production on comgprti
relatively small rectangular items are to be cotrfra  machines, etc. Encompassing all this requiremenas
set of available strips each of distinct fixed l#ngnd  integrated model together with humans as usersjreeq
of large, practically infinite height. Notice thist strip-  an extremely complex system. User’s role i.e., afle
packing/cutting terminology strip height actuallgams  people using the system is also often not enouasekii
the strip length, as it is usually named in pra&tic |n some solutions [22].
Sequencing constraint requires that in the solution = : - : :
; rom the practical point of view, the problem is
scheme items need to be arranged as sequences ﬁ‘ﬁportant, arﬁ)d it is F()evident on a dail;l? basis in

patterns. Items pattern is to be cut across thelevho .q4ction factories, notably as in paper convgréind
pattern width — this is required by guillotine ctast. packaging, but also in others. Typically, factorae
There are also additional constraints; we will ekpl unable to plan frequency duantity and types of
them later In more _deta|ls. _ _ , incoming orders. Those factories work by engineer-t
_ As found in the literature, this combinatorial p&b  order or/and make-to-order principle. Due to shiéet
is strongly NP-hard [16]. In research papers, thiscycles of customer products and customers churn,
problem is also referenced as cutting stock probdem practically each stock at a hand of not orderediypets
trim loss problem [19]. It can be also considersdaa could be a risky decision. Uncertainty of inflow of
special case of the strip-packing problems [16]ti¢¢0  orders and usually numerous incoming orders, ae th
that problem naming is determined by theoretical main factors of the complexity in the optimal
background as well as by the level of detail andproduction scheduling process. Optimal cutting suhe
specifics analyzed. Occasionally in this area,ahsra  as part of production plan should reduce trim lasd
bit of confusion or imprecise use of terms in saohe make it minimal within given constraints and
papers. objectives. The trim loss minimization is connected
This class of combinatorial problems is object of with significant cost reduction, and is highly inmmnt
intense interest in scientific research. Although when low cost margin is apparent, as in the casheof
significant advance is achieved, occasionally ther@  paper packaging industry.
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Nevertheless, trim loss minimization is not thestfir Dyckhoff proposed a first systematic topology of
concern of scheduling technologist. His primarylgea cutting/packing problems [2]. Basically, in cuttiagd
to schedule daily production plan, which includéls a packing problems there is one or more sets of large
required orders by corresponding due-dates, inimedju  objects and one or many sets of small objects §fem
guantities, with an additional constraint, whichicsly His topology identified a two level classificatiofirst
requires that trim loss is at a tolerable levedllfthis is level distinguished four characteristics: dimenaiiw,
achieved, then a desirable objective is to mininbiira kind of assignment, assortment of large objects and
loss, when possible. Else, if some of these remérds  assortments of small items.

are not met, then scheduler is to decide betweeeth  Besides spatial dimensions, Dyckhoff distinguished
strategies. two main groups of c/p problems: abstract c/p moid
First strategy is to delay the order that is nagilde = — without spatial dimensions; and c/p problems in
to be included into actual scheduling plan. As €adt narrow sense — with real spatial dimensions. Later
this strategy are not directly measurable and meilye  group is divided in two subtypes: packing or loadin
perceptible, it is not chosen very often. Nowadtys and cutting (stock). Trim loss optimization problésn
strategy due to high market competition and due toconnected with later subtype. Trim loss is considexs
customer’s expectations is not appropriate; mastyi the space of large objects, not occupied by sreatis.

it leads to loss of customer. After Dyckhoff's topology, in the last twenty years

The second strategy tries to upgrade paper-gradle arresearch in this domain was intense. New approaches
shift order in another cutting schema with highexdg. have been applied, new types of problems developed
This strategy leads to higher costs. Additionaligher ~ and new ways of solutions discovered. It was olsiou
costs are not clearly visible and consequently, notthat Dyckhoff's topology is deficient and not
easily controllable. appropriate relating to new results.

The third strategy tries by increasing some ordered Based on Dyckhoff's ideas and review of 445
guantities, to “close” some “open” order-combinato papers, a new “improved topology of cutting and
(schema-patterns), assuming customer will soonpacking problems” was published byag¢her et al.
reorder products. The consequence is increase dR1]. Wascher et al. categorized all c/p problems by
surplus stock and unpredictable costs increases arkind of assignment, as either output maximization o
certain. input minimization problems. New topology identdie

There are various nuances of those strategies, buftix basic problem types of c/p problems: identiteth
each of them arouses undesired business effect@acking, placement, knapsack, open dimensionngutti
Therefore, the best strategy would be to search th&tock and bin packing.
whole solution space and try to find hidden sohsio According to topology of \@ischer et al., the
For human scheduler this is impossible due tocorrugator cutting plan problem can be represeated
extremely large solution spaces appearing in thean extended “Open Dimension Problem” (ODP) with
majority of everyday real scheduling problems. additional constraints. In fact, it is a specidii@a of

In the last twenty years, corrugated cardboardODP, which is known as two-dimensional Strip
production changed significantly. Competition isahu  Packing Problem (SPP) with sequencing constraiet. W
stronger. Customer’s orders are becoming smalldr anWill use abbreviation SPP/sc for that special tyfe
at the same time due dates are becoming shortegtrip packing problem, what is in some way simt@r
Orders quantity tolerance is mostly zero. Many of Rinaldi and Franz notation [16]. Here the open
orders are urgent. Sales margins on average are weadimension means that one dimension of large objects
Factories are under time and cost pressure. lpabsg may be considered as variable. This open dimension

most factories scheduled orders manually. Nowadgys, Variable is considered as input to the problem, iartd
is not acceptable. be minimized. Actually, used area is to be minirdize

but the second dimension is fixed for each of large

. . objects (strips). However, this is only one of more

2. Historical research objectives to be optimized, known as trim-loss
retrospective minimization.

Second requirement i.e., sequencing constraint asks
In contrast with industries like steel, glass,.etc for more complex objective optimizations — how to
where the strip packing/cutting problems —are form cutting patterns and how to order them in
applicable, there is relatively small number of S€quences with respect to additional technological
paperboard production. open stack problem (MOSP), which alone is NP-hard
Many hundreds of research papers in the field ofproblem [10]. MOSP in corrugated paperboard cutting

. . : lan generation is focused on searching for optimsel
cutting and packing problems have been pubhshedp - L 2
Some are general, but the majority of them arededu of machines and order spread minimisation.

on applications in specific domains. While the number of published papers on strip
packing problem and other related problems are
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measured in hundreds, there is relatively smallbemm  the unlikable practice of manual scheduling, whereb
of papers devoted to SPP in corrugated paperboardutomatic solutions are abandoned or at leastnate
production scheduling. Although there is no rapid fully used. The main reason is the fact that theyndt
growth process, a constant improvement is present.  fully capture all the problem complexity, as Velasg

Early research papers from the fifties of the tietht €t al. concludes [19]. Indeed, this optimality sldo
century are based on liner programming methods and@ke into account not only this single objectivet also
are devoted to the trim prob|em, in the manufactfre other objectlves, which are also to be considered.
newsprint. The next qualitative improvement stegwa  Most cases of these types of industrial problerss ar
provided by Gilmore and Gomory [7]. They introduced multi objective, with possibly conflicting objecés. In
new algorithms in linear programming to the cutting everyday operations a factory manager may require a
stock problem, which produced significant influemre  entire set of solutions, rather than just a sirsgletion.
cutting and packing problems research and solutionsFor example, a strip-cutting solution may be optima
Most commercial solutions were mainly based ondline trim loss minimization, although not optimal in
programming concepts, at last, as we know. production flow speed or orders spread. There is a

However, in theory and especially in practice, #&sw humber of commercially available software-solutions
acknow|edged that linear programming is not fu||y unfortu_nately sold as black box. We do not now abou
appropriate way to solve SPP/cs. It was clear thatheoretical models they are based on.
oversimplification of a really complex problem as
SPP/cs is, cannot be utilizable. Nature of SPP/cs 3. Formalization of the problem
applied on real corrugator plant requires some

nonlinear modeling concepts, which are not solvable N we will describe the problem more formally. At
using linear programming model. Regardless of Use Othe peginning, let us describe patt@ras a relation of

mixed integer programming methods, those modelsyyg pattern parts?1as a left andP2 as right part:
ware not able to capture all the complexity of thal

SPP/cc problems.

An important paper appeared in 1980 by Heasler and
Talbot [8]. It was an attempt to improve the model
through balancing between trim-loss problem aneéiord  wherep denotes possible number of patterns in the
spread problem. They used an adaptation of setwhole solution space of a SPP/sc. Each patternipart
partitioning algorithm, previously developed by represented as a relation:

Garfinkel and Nemhauser [6].

More recent papers use some of heuristics or hybrid (Q,, t,, w l,) x{1, 2, ..0}; 2)
optimizations methods. A good example is the work | b e
of Rinaldi and Franz, who published the results of : . . .
formally analyzing SPP/sc problem and applying two © —denotes number of different order-items;
heuristics approaches [16]. Another different applo X —denotes x-th order
is published by Velasquez, Bellini and Paternina- O, — denotes x-th order item;
Arboleda [19]. The authors use multi-objective { _ denotes number of items participating in a
approach based on evolutionary algorithm. Beside th nattern;
cost function (running cost, the roll and patteharge W — ,denotes itern’s width -
cost, waste trim cost and grade upgrade cost), the "* o :
model includes a compound WPL index (delivery due- x —denotes item’s length.
dates performance, finished machines queue
management and client-related importance). This According to this notation, patter® may be
approach includes complex set of factors, but WPLrepresented as:
index may be in some way, arbitrary constructed.
However, we think the multi-objective approachhs t _ ,
right way to capture complexity of the SPP/cs peabl P ={(Ox t W 1), Oy, &, Wi, Iy} ©)
Cited papers, are strictly focused on SPP/sc, batta %Y {1, 2,...0} x#y;
of research papers have been published indirectly O < (tctty) > (tmax- 1) ;
related to the problem, particularly on pattern t,0{1, 2, ...tna) ;
sequencing problem and open stack problem [10],[14] t,0{0, 1,2, ..tmac 1) ;
Another important contribution was coming from :
metaheuristics and heuristics methods researclaft], tmaxiS from corrugator dependent constant.

Py= (PL, PX) x{1,2,...p}; Q)

particularly from evolutionary optimizations [11F]L paIIt' t, = 0 thenP is single pattern containing only one
Real industrial practice in a corrugator plant ieggl -
dynamic-aware, more flexible and more specific P = {(Ox to Wi ), (Null)}. (4)

solutions. This is especially true for small anddinen-
sized plants. Ignoring this requirement, often feéml
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Over each patterRy is defined function:height(R)
which returns height of the P. Heighth of P is
defined as:

If : it 15 > i3 15
Then: hy= il 1 (5)
Else: he=i% 1%

where i', is number of times left part-pattern is
repeated, andi®, is number of times right part-pattern
is repeated.

A cutting schemaS is defined as ordered set of
patterns. Cardinality ddis c:

S(: {Pl, Pz, ,Pc}v XD{]., 2, }, (6)

OverSare defined functions: @)
- height(§) - returns height of the strip &;
- width(§) - returns width of the strip &,

- space(p) - returns space occupied by patterns
contained ir§;;

-trim(S) - returns percentage of trim loss{n
- quality() - returns quality measure 8f

Notice that functiontrim() may be represented in
respect to relative area utilization or may includere
complex price and cost calculation, but alwaysrreta
scalar value. However, functioguality() may be
represented as a scalar function or as a vectoedal
function. Functionsheight() width() and space()are
intuitive and trivially simple.

The solution of the SPP/sc is a cutting plan tlat i
defined as an ordered set of cutting schemas:

P=1{S,$S,...S}; xO{1,2, ..s}; s<o; (8)
and constrain{P,C) = True; C ={cl1, c2, c3, ...cn

whereconstrain{P,C) is a function that tests if set of
additional constraintsC, containing n constraints, are
all met overP.

If next expressions for a cutting plBnare satisfied:
(0o/2 > s<0) =True and constrain{P,C) = True ,

then we will call it regular cutting plan, elseis

irregular cutting plan. An irregular cutting plas an
unlikable solution, and should be improved or
transformed. Main goal of a solution of the SP¥d0
find the regular cutting plan. Set of constraintsisC
plant specific. It allows user defined constraitusbe
set or released interactively. Notice that regulating
plan does not mean an optimized cutting plan.
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3. Problem objectives

In the previous chapter, we defined model structure
and structure constraints. We defined inputs to the
model, and output as the solution of the probleeat.us
now define what objectives of the considered proble
are, and how to represent them and what is to be
optimized.

Over cutting plan are also defined all functionsndr
definitions in (7) except of functiowidth(), which is
not applicable.

There are two objectives of this model of the SEP/s
1. Minimize: trim(P)
2. Optimize: quality(P)

First objective is linear, or at last can be adapte
be linear without of significant loss. The second
objective is set over a nonlinear function. In itgalit
contains a kind of decision problem and multi-objex
optimization problem.

If minimization of trim gives a value above tolelab
level, then it cannot be accepted and this will imp
new unlikable consequences. Some orders may not be
included into solution, or at least all requirecder
items are not included. Not completed orders shbald
delayed for next cutting plan or should be upgraited
quality, what increases costs.

Measure for second objective may not be scalar
value, because there are more points of objective’s
quality. How many orders are completely includet in
solution? How many orders are only partially ired
into solution? How many orders are not at all ueld
into solution?

Some commercially available solutions in case when
some orders are not included in the end solutibbonva
significantly increasing number of items of paring
order, trying to complete uncompleted order. Tlda ¢
be a way to usable solutions, but as we explained
before, it is a risky decision. It should not be
completely left to the computer.

It is obvious that the problem is multi-objective,
complex and with conflicting objectives. Good sant
requires interaction of human scheduler

4. The solution space

Combinatorial problems are usually characterized by
very large search space, which tend to grow
exponentially as the number of items grows. Itighly
important to represent the problem search spa@min
appropriate way. Finding a way to reduce or remove
infeasible solutions from the search space is an
important goal. The representation of the solution
spaces determine the number of solutions to be
searched. As Michalewicz et.all. point out, in
combinatorial problems, the search space is not
determined by the problem, but by its represematio
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[12]. Heuristics approach to the solution of the 5, Implementation
combinatorial problem tries to find specifics ofeth

problem, and then to use it to construct simplarce , L _ L
space and reduce it to a reliable level. An interesting idea about this solution is model

If we want to find optimal or near-optimal solution implementation. As we formally described this model

- t based, it is a natural way trying to implenie
we need to construct search space containing alfS S€! Dased, .
possible feasible-solutions. If we construct them Nt relational database. Consequently, the salutio

without unfeasible solutions, we will get a narrow space is easy to represent as Cartesian product of

search space and searching it will be more effectiv relations. , _ _
Then, first step in constructing search space asifde Constraints may be implemented on declarative
solutions of the discussed problem may be to toansf ~Or/and on procedural way. Data sets cannot be
some inputs into constraints, if possible. reentered in case of change. Algorithm steps may be
Let us construct solution spa&Sof the SPP/sc as implemented as relational data transformations.
set of all possible patterns Using relational views gives the model necessary
dynamics. The model is focused on dynamic, data
_ . . awareness and interactive use. Corrugated papeérboar
SS= {Py P, . Pk AL, 2, ..} ©) plant deals with large sets of data. In a typiaatl Ioig
plant, the number of articles reaches many thowsand
Solution spac&Swill not be greater than: even tens of thousands. Number of orders a year may
go further than tens of thousands. Therefore, dozgam
(tma)? (0)° data in database is a necessity. Integration of

optimization model with data gives opportunity for

_ ) ) _direct use of plant’s data.
Note thatSSdoes not contain all possible solutions; it

contains only all possible elements, which can s&edu

to constructing a solution. Number of possible step 6. Conclusion
construct a solution is huge, even for small nundser
orders. In the paper, we discussed problem of cutting plan

If we now want to find solution (a cutting plan)ew generation. After introductory analysis of the peob,
should use an algorithm for selection procedurdclvh we gave short overview of wider area of research
will form best cutting schemas as parts of endtamiu ~ publications, with focus on published milestone
Indeed, choosing a pattern will automatically defin ~ research papers applicable on the strip-packinklgno
which schema it should be included. Choosing aepatt in corrugated paperboard production.
implies disappearing some of patterns from3isor at In advance follows a more formal definition of the
least, changes height of some patterns. After at th problem, which is set-relationally oriented. A pisign
maximum o iterations, solution space will be empty. for this approach is an easy and straightforward
Empty SS means that selection process is finished; itimplementation of model into relational database.

does not means that solution is regular or optimal. An on heuristic algorithm based procedure gives
It is clear that quality of the end solution depgnd acceptable results in an easy way. Finally, inclusf

from quality of applied algorithm. A greedy based constant user interaction, leads to the simpley ¢as

constructive heuristic algorithm may give in shiorte, use and intuitive, but effective solution.

acceptable, near optimal results:

_ Refere