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tutors. Young workers are expected to present the results they had achieved.

The conference is organised by the University of Zilina. It is the university with about 13 000 graduate and
postgraduate students. The university offers Bachelor, Master and PhD programmes in the fields of transport,
telecommunications, forensic engineering, management operations, information systems, in mechanical, civil,
electrical, special engineering and in social sciences.
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Material for Roller Bearings and Heat Treatment of Components

) "Alena Baiakova, Jozef Mesko
" University of Zilina, Faculty of Mechanical Engeréng, Department of Technological Engineering,
Univerzitn4 1, 01026 Zilina, Slovakia, alena@bamakek, jozef.mesko@fstroj.uniza.sk

Abstract. The article discusses possibilities of use rdilearing materials in industry. It describes roller
bearing steel mostly used for its components. Aisousses isothermal beneficiation of roller bensteel.

Keywords: roller bearing, heat treatment, beneficiation.

1. Introduction

According to the type of use, roller bearing steellongs into the group of construction steel,
where it is also standardized. According to thébcarcontent and the content of the other main
compounds is its chemistry almost the same worltew¥ery high demand is put on the quality of
this sort of steel (stability of dimensions accaglito the temperature change, mechanical stress,
ductility etc).

2. Roller Bearings Material

Both metal and non metal materials are used toym®doller bearing components. Rings and
corpuscles of the roller bearings are mostly mad®ller bearing steel “Fig. 1.”, but manufacture
and operation conditions of roller bearing oftemded use of other materials, such as: cementation
steel, surface hardened steel, thermal stabilimszl and stainless steel. Also construction ceramic
is used during the production of the componentlyfaDemands on roller bearing material [1] are
mentioned in the Fig. 2.

] Roller bearing steel

— Cementation steel

Materials for rings and cor-
puscles of the roller bearings

Surface hardened steel

Thermal stabi-
lized steel

Steel for special operation
conditions

Stainless steel

L Construction ceramic

Fig. 1. Distribution of materials used for rings and agges of the roller bearing [1]
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Aspect of assessment

Demands on material

Hertzian pressure
Rolling
Sliding

high hardness,

generating pressure resistance,
purity grade,

wear-out resistance

Impact stress resistance

ductility adequate to hardness

Dimensional stability

no structural changes

Operational conditions

high temperature and corosion resistance

Distribution of rolling components

elasticity and firmness. gliding features, weight

Economic aspect

price of material. tooling expenses

Fig. 2. Demands on roller bearing material according toa®ds on roller bearings [1]

2.1.Roller Bearing Steel

Rings and corpuscles of the roller bearings aretlsnasade of the roller bearing steel, while
the through-hardening roller bearing steel hasdbminant position in this group. According to
STN EN ISO 683-17, is this through-hardening stes#d for roller bearings, commonly called
“roller bearing steel” [3] in wide range of litetae and also in practical use.

During the last 30 years, the range of roller bepisteel settled on those with the carbon
content of 1% with various content of alloy compuatse like chromium and manganese. Basically
it is possible to divide recently used roller baegrsteel into four groups according to content of
basic compounds:

1% carbon, and 0.5 % chromium steel for corpusgbet® 10-13 mm;

1% carbon, and 1 % chromium steel for corpuscle® dy-22.5 mm;

1% carbon, and 1.5 % chromium steel for corpusgbet® 25-30 mm;

1% carbon, and 1 % manganese and 1-1.5 % chronmeehfer

corpuscles above 25 mm and rings more thamrhg?2] thick.

Two types of doped hypereutectoid hardenable chisieed, brand 100Cr6 a 100CrMnSi6-4 of

chemistry according to the Tab. 1 and Tab. 2 [8pi;mmonly used in domestic production.

Steel Chemistry (weight %)
Norm brand C Si Mn Cr | Mo Pmax | Smax | Ni max | CUmax
STN 14108 2:?8 gég 8:28 igg 0,027 | 0,030 | 0,30 | 0,25
S Pl R Bl Bl e R e e I
ASTM 52 100 2:22 8:;2 8:22 igg <0,10 |[0,025| 0025|025 |o0,35
DIN 100Cr6 2:82 8:;2 8:22 igg 0,025 | 0,025 | 0,30 | 0,30
Js SUJ 2 2:22 8:;2 S05 igg <0,08 |[0,025| 0025025 |o0,25
GOST Sch 15 2:32 8:;; 8:23 igg 0,027 | 0,020 | 0,30 | 0,25

Tab. 1.Chrome steel for standard roller bearings [3]
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Chemistry (weight %)
Norm steelbrand e Tsi[mn | or | Mo | Poa | Soa [ Nipw | o
STN 14209 2:28 8:22 %gg i:gg 0,027 | 0030 | 030 | 025
100CTMnSi6-
|sSoT('3\18§’j117 42 %gg 8:;12 1:(2)8 igg (r)],qgi((') 0,025 1 0,015 0,30
ASTM 52 100 E %gg 8:28 11‘7‘8 1:;‘8 <006 | 0025 | 0025 | 025 | 0,35
DIN 100CrMnSi6-4 %gg 8:38 11(2)8 i:gg 0,030 | 0,025 | 030 | 030
JIS SUJ3 gzig 8:‘7‘8 gfg 2:28 <008 | 0025 | 0025 | 025 | 0,25
GOST Sch 155G %gg 8:22 %gg i:gg 0,027 | 0020] 030 | 025

Tab. 2. CrMn(Mo), CrMnSi steel for standard roller beasri§]

3. Heat Treatment of Roller Bearing Components

According to the best functionality of the rolleedrings, their components must have certain
mechanical features. These features are commohig\ed by hardening to martensite and then
backing up under lower temperatures. The procesbaodening provides the steel with high
hardness while backing up lowers the inner tengwal and fragility of the steel. Hardening into
cold environment causes high thermal and structtegations, which often result in various
deformations, especially cracking of complicateddoict shapes. After hardening to the martensite,
there still remains some austenite in the structlires an unwanted component because when
exceeding certain amount, it has an adverse infli®m the hardness and structural stability of the
roller bearings [1].

Perspective technology for thermal treatmeintrotler bearings components (especially
rings), is isothermal benefication. After austeriteatment of the roller bearing steel and it's
cooling by over critical speed into isothermal ajparof austenite in the bainite zone, isothermal
hold-off in this temperature follows. The result whiis precisely controlled proceeding of the
thermal treatment is roller bearing steel with baior bainite-martensite structure. Comparing to
martensite hardening, slightly lower hardness lgea®d after isothermal beneficiation of the roller
bearing steel, however its ductility is severaldgrhigher. Also its inner tension levels are lower
comparing to martensite hardening [1].

3.1.Isothermal Transformation of the Austenite in the Bainite Structure

Under “isothermal treatment” we understand trams&dron of the austenite in the bainite zone
during the isothermal hold-off in the temperatufe¢h® bainite change. The cooling speed of the
steel from the austenite temperature into the tmaimbne has to be high enough to avoid
transformation of the austenite in the pearlitinzoThe main structural compound of the steel after
the isothermal treatment is upper or lower bairiieother compound is residual austenite, or also
martensite. Isothermal transformation temperatéitheaustenite to the bainite is usualy above Ms.
The time of the hold-off has to be long enoughltovathe complete bainite transformation under
given thermal conditions. Prolonging of this holfi-ome might be adverse according to the
resulting mechanical features, because it may caaserse back up fragility in the steels
predisposed to this effect [1]. Theoretical and oemves of the pearlite and bainite transformation
[1] in IRA diagram on Fig. 3.
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Fig. 3. IRA Diagram of the carbon steel [1]

a) theoretical curves of the beginning and theanmkarlite and bainite transformation of the carkteel with
eutectoid composition, b) real curves for the samaitions and composition

4. Conclusion

Components of the roller bearings are exposed teerme mechanical stress. Choice of the
suitable material for these components as wellhasntal treatment method is very important

according to stability of dimensions and durabilitfy components. Also economic aspects and
quality rate of the finished roller bearing shohklconsidered.
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New Options of the Utilization of the Technical Information System
M onaco

*Tomas BereSik, *Anna Mietova, *Stanislav Mocik
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Abstract. This article displays the options of using of 88 SKLASS system in support of the production
preparation in section of non-conventional methaid®achining. Described topic is discussed theys da
connection with increasing tendency towards pratticse of methods in engineering company during
machining of hard-to-machine materials and des@npiicated components.

Keywor ds: Non-conventional methods of machining, techniofdrimation system MONACO.
1. I ntroduction

System MONACO is software for managing TPV in diffiet departments using web
services. The system is a solution for variousdsaanpanies, starting from the smallest, where the
office consists of one person, to the large congmmwhere the technical department having statute
of division consists of several people. The systdiers unified process of documentation evidence
and its accessibility. Nowadays, when non-conveatianethods of machining are discussed more
often, it is necessary to search for new view efrttanufacturing and consider the possibilities but
also constraints of implementation of the non-cotie®al methods in computer aided systems.

2. New Conception of the Technical Information System Monaco

For successful integration of non-conventional rmdghof machining into the technical
information system MONACO it is necessary to modifd supplement the existing databases and
create new ones. This includes mainly the follondiaggbases: Materials, Workplaces, Tools. Once
the databases are completed by the necessary paraitine system MONACO is ready for use also
in the field of non-conventional methods of machgi

2.1. Materials

This database should contain all hardmanbimnaterials used in the factory. All materials
should be sorted out in detail and each of thenulshonclude all important parameters and
properties, which influence the choice of additiateta from databases in the process of creation of
the technological process. This includes mainlyftlewing parameters:

= Primary parameters : Rm, Re, %C, Mn, Si, S, P.

= Secondary parameters : weight, technical standard.

= Selection criteria: sets the range from-to andotiger of parameters.

= Workability : accuracy, hardness, fragility, workdl, concept.

= Physical parameters : electrical conductivity, megltpoint, heat conductivity, chemical
reactivity, mass density.
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Materials will not be classified into the previbusreated databases. This solution is
nowadays inconvenient. Materials will be classiftedough technical documents directly into
the system MONACO. This system of classificatiortled materials through documents seems
to be the best solution “Fig. 1”.

B Dokument - Karbid titdnu (TiC)

B {".-1I Li)
Mazow dokurmentu [karbid titanu (TiC) 1K TaluyTs
Twp verziovania iBez histdrie bez prace | Wlastnosti stbory | Rozmery: 842 x 3750Typ: Bitova mapad
) Welkost: 933 kB
Identifikator prepoienia |1 |
Twp stbary brap
Welkost' stiboru i955648 Sipis wlastnoski q
Prepajenia a prilaby | Kla iFikacia
Poz, & F.egim pougitia Mazow dokumentu Poc
o w0y " - 3 | .
1 F‘?%ﬁf‘ | Karbid titanu (TiC) Techni
.
b Lk
EX i | ]

Fig.1. System for classification of the materials

Each document will contain only one mateaald will be named by this material. Each
document will contain an attachement, which wilhtaon all necessary properties of the material.
Through the material documents there are creatadiimary databases in the system MONACO.

The biggest advantage of the material docuisne the possibility to link them easily to tleal
semi — workpiece.

2.2. Workstations

This database contains information aboutntleehanical and manual workstations used in the
factory as well as machines for non - conventionathining methods “Fig. 2“. All machines are
sorted out in detail according to the method ame t9f machining, and by each machine there are
mentioned important parameters and properties,winituence the choice of additional data from
databases in the process of creation of the teobiall process.

The basic database named Workstationscaritain the following sub-databases: Ultrasonic
machining, Water jet machining, Electro — chemioakhining, Electro discharge machining, Laser
beam machining, and Plasma beam machining “Fig. 3.
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Elektroerazivne obrabanie

e 1.

Elektrochemicks obrédbanie

2.3. Tools

This database contains information about ihest-frequently used equipment standards,
fixtures, gauges, working media, support equipmants etc. Single elements in the sub-databases
are sorted out by the type of method and contaipomant parameters and properties which
influence the choice of additional data from dasasan the process of creation of the technological
process. Suggested structure of the database B®owighe Figure 4. Figure 5 presents the newly
created database Tools in the system MONACO “Fig. 5
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Fig. 4. Structure of the database Tools
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Fig. 5. Datbase Tols in the system MONACO

3. Conclusion

Incorporation of the automation contributes the modernization of the technological
production preparation process in a short timeth&t same time it enables faster reaction to the
market swings and moves in demand and innovatibtieeacompetition.

Introduction of the system MONACO for thenaconventional methods of machining is very
important in term of increasing tendency towardagithese methods in engineering firms.
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Abstract. The paper evaluated the base mechanical valuesigfrial Aluminerit, which is a new material
used in industry. It is sheet from deep drawn st aluminium coating. There were also evaluétesl

real 3D deformations measured by an optical sy®&BAMIS. Experiments were carried out in cooperation
with the Technical University of Liberec.
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1. Introduction

Coated steel sheets now extend to the aidbe industries and on its importance decided the
quality and operational reliability of the futureopgucts. Protective coatings on metal surfaces
played an irreplaceable role in a very wide ranigesong construction materials.

Aluminerit is deep-drawing steel DX56D ER346 coated with aluminium (90% Al and 10%
Si) melt by continuous electroplating. The deptmaamtration profile of aluminium layer was
detected by GD-OES method “Fig. 1.”. The thicknesthe aluminium layer ranges from 10 to 30
um “Fig. 2.”.

BO |

Fe

60 -

al

Fe, Al, 5i Element %

0 10 20 a0

Fig. 1. GD-OES analysis of Aluminerit
Passive layer of aluminium oxide formed imnag¢elly after contact with oxygen in the air. Since

the passive layer is naturally restores after thmabe, the coating by aluminium is excellent
protection against corrosion and chemical attack.
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Fig. 2. Longitudinal section through Aluminerit, 150 x, netched

2. TensleTest

Suitability of steel sheets for forming is generabsessed by the results of tensile test. les th
most widespread test for getting the basic mechhwitaracteristics of the sheet metal. Measured
values will be used for qualitative evaluation d¢fest and its assessment in terms of further
processing.

Fig. 3. Workplace of thdensile testing

The aim of the test, which conditions and shaptheftest sample indicates the standard STN
EN 10002-1, is to get the value of basic mecharbatacteristics:
Ry 02 - yield strength, R - ultimate strength, & — ductility, r - coefficient of the normal
anisotropy, n - strain hardening exponent.

These values give a complete picture of gheperties of the sheet, but do not give clear
information about its behaviour when formed. Figh®ws a workplace for static tensile testing.
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For tensile testing were use flat bars with theiadts, exactly according to the standards “Fig. 4”.

ﬁn/ 32

U —

32

_.__'__‘“ 08

Fig. 4. Dimensions of the tesample for tensile test

3. Experiment

To assess the anisotropic properties of the matbeee were for tensile test collect 3 samples
in directions 0 °, 45 ° and 90 ° toward the rollidigection. The measured values of yield strength,
ductility and ultimate strength are shown in Tab. 1
by is the initial width of test bah;, is a finite width of test bal,q is the initial gauge length of the
test bar,L; is the final measured length of the test bais the coefficient of normal anisotropy,
which is determined according to “(1}3,is thickness.

i
y = In (b, by) (1)
In((Ly by)/ (kg Lg))
sample | bo(mm) | to(mm) | bymm) (n%r%) (n&rln) re) (,\'jpg;) (MRga) &5)0)

0° 1 20,118 0,801 17,846 80 97,1 1,724 1359 291,24,81
2 20,120 17,727 138,3 290,6 43,25
3 20,125 17,824 136,1 292,0 45,34
Average value: 136,8 291,8 44 .47

45° 1 20,123 0,801 17,942 80 97,1 1,363 145,3  2300,39,66
2 20,122 17,909 146,4 299,0 39,98
3 20,128 18,135 145,3 299,0 40,94
Average value: 145,7 2994 40,20

90° 1 20,112 0,801 17,690 80 97,2 1,989 140,4 9289,39,33
2 20,108 17,60 138,2 2894 39,31
3 20,109 17,698 139,1 289,p 39,70
Average value: 139,2 289, 39,45

Tab. 1. Measured values obtained by tensile test of tleterial ALUMINERIT

Fig. 5. Test samples before and after tensile test
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3.1. Deter mination of Limit Values

ARAMIS is a non-contact measuring systeramfr GOM for real 3D measurement of
deformations. The result is a colourful map of dsribution of deformations on the object strain
either statically or dynamically. It uses still femting recording technology in the form of two CCD

cameras.

The principle of detection, whether digglianents or deformations, is in contrast of the rhode
applied on the surface of the object under exanonaContrast pattern when the object is loaded
deforms with the object at the same. This deforomais recorded by a pair of cameras and then
evaluated on the principle of correlation. For émalysis of forming processes is used forming flow
limit curve (FLC). Combinations of these curveghe diagram give a comprehensive overview of

the material cut-off characteristics due to itsrforg capabilities.

Values thus obtained are the basis for oigva diagram FLD (Forming Limit Diagram),
which is then use for comparison as the resulth®fsimulation, or for example real measurement

results of forming.

As we can seen on Fig. 6, by optical measuremestrain field at surface of the tested samples
was found that the deformation is unevenly disteduand the largest strain is in the place where

the neck is formed.

Stage 268

Stage 266 Maijor Strain
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1.00
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0.75-
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0.30 i
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0.00 T i T T
0.0 250 50.0 75.0 100.0 126.4
Section length [mm]

Major Strain [log.]

1.00

Stage point 0
Stage point 1

0.75-
0.60-
0.45-
0.30-
0.154
0.00

Major Strain [log.]

0 20 40 60 80 100 120138
Stage 266 Time [s]
Fig. 6. Final evaluation of the main supply systefRAMIS

4. Conclusion

In the paper was observed results of machbhwvalues of the material ALUMINERIT
provided by tensile test. The largest yield strendd5,7 MPa, tensile strength, 299,4 MPa and
ductility, 40,20% was measured in the directiordbf® toward the rolling direction. There were

also measured real deformations by an optical sys8ieAMIS.

Acknowledgement

This article was created with the help of MinistfyEducation of the Slovak republic, grant

KEGA 216-007ZU-4/2010.

References

[1] SOBOTKA, J.Formability of TWIP Materials and its Evaluation by Optical Systems. Liberec, 2010.

[2] http://www.mcae.cz/aramis

22

[log]

1.0
0.9

0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1
0.0



Transcom 2011, 27-29 June 2011
University of Zilina, Zilina, Slovak Republic

Optimalization of Parametersin Model for Selection of
Unconventional Method of Material Dividing

*Jaroslav Brezani,**Anna Mietova
* Ing. Jaroslav Brezani, INA Schaeffler Gruppe, Dr. G.&axffiera 1, 024 01 Kysucké Nové Mesto,
Slovak Republic, e-mail.: jaroslav.brezani@schaeftom
**prof.Ing.Anna Micietova, PhD., University of Zilina, Faculty of Meanical Engineering, Department
of Machining and Manufacturing Engineering, Univiera 1, 010 26 Zilina,
Slovak Republic, e-mail:anna.micietova@ fstroj. ansk.

Abstract. This paper deals with the selection of electrichiisge cutting method based on assessed target
function and optimization of factors acquired expental equations. Optimization of parameters fecteic
discharge cutting is part of proposed integratediehdor the selection of unconventional methods of
material dividing by means of termal effect, elgc&o-erosive cutting, laser and plasma beamnaytti

Keywords: Optimization of parameters, unconventional metholdmachining, electric discharge cutting,
target function, gradient of factors.

1. Introduction

The choice of machining method from a set of sigtaethods using which it can be achieved
the required product quality in an integrated mddekelection of unconventional dividing method
is determined by accomplishing prescribed targetcast function of given method. For the
selection of method is necessary to determine @btimalues of factors from the acquired
experimental equations to reach prescribed tacgetion.

2. Target Function and Optimization of Parametersfor Electric Discharge
Cutting

Effect of machining various materials on the quad finished surface by electric discharge
cutting method is determined by comparing the olethiexperimental equations for materials with
different machinability. In Tab. 1 are shown regrative materials of the model.

Material being cut Marking

Hardened tool steel X155CrvMo12-1 1.2379
Electrolytic copper Cu99

Hardmetal HM Feinkorn K10-K40

Tab. 1. Representative materials of the model.

Experimental equation (hardened tool steel) fortling condition of the surface roughness
optimization Rgoy:

Radov - 137461]?( hO,071378>< ti - 007453>< | e0,368575x td— 012747 xFE ~ 074604 (1)

w

Experimental equation for feed rate v

- 0,368444 -0,021982 -0,163948 0,468931
v, =1940642x h™"%%'xt, x| xt, xF, (2)

e
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where:
L -electrical discharge current,
t - temporal pulse duration,
Ry - wire tension,
t - empty running,
h - material thickness.

Target — criterial function:

Vf — 194,0642x h—]_,700621>< ti 0,368444>< I —0,02].982>< td —0,163948>< F 0,468931: Vf max (3)

e w

Logarithming and rewriting “(3)” results in linedependency:
vi= 2,2879-1,700621n.+0,368444t -0,0219821 -0,163948,+0,468931F,, = v max (4)

Experimental equations Ra, Yor representative materials Cu99 and hardmegatiatermined
similarly.

2.1. Deter mination of Optimization Parameters Values

Values of optimization parameters for jgaresults from magnitude of effect optimized
parameters i, t ,le, tg In target function y= max “(3)". In Tab.2 modul s n determines
magnitude gradient of individual parameters aceaydo the target function “(4)” based on the
possibilities AGIECUT 100D+F cutting machine (rengf cutting parameters). To assess the
magnitude of gradient their absolute value shoeldialken into account.

Cutting parameter it le ty Fo
Parameter s range 1+8 1+15 10+47,5 1+20
Coeficient n 0,368444 -0,021982 -0,163948 0,468931
Modul s x n 2,947552 -0,32973 -7,78753 9,37862

Tab. 2. Magnitude gradient of individual parameters adowy to the target function.
Sequence of the optimized parameters fopReccording to the “(1)” is given by relation:

Fw>td >ti>|e (5)

The Fig.1 and Fig.2 is a graphical representatromogarithmic scale of the impact of the
magnitude and direction of the factors gradients & , l, ty on the feed rate\according to the

“2)".
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= jmpuls ti
m— = currentle
= = 1jdling td

i\ ire tension Fw

log vi

log t;, log lg, log tg, log Fy,

Fig. 1. Impact of the magnitude and direction of the fastgradients |7, t , 1, ty on the feed ratg v

log vs 0-0,5-0
o-1--0,5
m-15--1

o-2--15

Iog tq IOg Fw

Fig. 2. Impact of the factors ,F, t; on the feed rate;vaccording to the (2).

Optimal factor values in the “(1)” for given Ra value are determined by numerical
algorithms. Approximating of an optimized factomtird Rao, is doing step by step in the
sequence given by relation, B>ty >t > l.. Factor approximation is finished when the bestieva
of Rayoy is reached. Direction of approximation each faditermines the sign +/- of the coefficient
n. If some parameter has the direction of approstonaoward Ra,, opposite of direction of given
factor according to the “(1)”, see for example wiasion k and impulse duration, then aspect of
the target function is preferred. Then in the aafsthe factors f and ti optimization will be based
on their maximum values,/ax, tmax. Impact of the parameterdonsidering the target function
is negligible. Basis for approximating of the néagtor is an optimized factor value achieved from
the previous step. Fig. 3 depicts impact of thedi@gck, and ty on the surface roughness Ra
according to the “(1)".

The same procedure is used to determine optimahpeters values for other quality indicators
of finished surface appointed by experimental equat e.g. surface straightness Pt, waviness Wz,
load ratio parameters Rk, heat affected zone, wakténsion, etc.
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O 14-14,2
m 13,8-14
0 13,6-13,8
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| 13,2-13,4
O 13-13,2

Fig. 3. Impact of the factorsf~and ty on the surface roughness Ra according to the (1).

3. Conclusion

By optimizing the values of machining parametersaichieving the required quality parameter
value based on meeting the criteria of target fon¢trespectively cost function can be determined
comparison for selection from suitable methods eorent to achieve the desired values, e.g.
surface roughness Ra, surface straightness Pgcsuwaviness Wz, heat affected zone, residual
tensions, etc. Optimization of parameters for eleclischarge cutting is part of proposed integtate
model for the selection of unconventional methofimaterial dividing by means of termal effect,

e.g. electro-erosive cutting, laser and plasma baétmg.
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Abstract. This article contains of the problem solution wiblume change of selected special steels. The
first experimental measurements were realized dinlsss steel X12Crl13 and tool steel 90MnCrV8. The
guenching was realized in a bicameral vacuum quegcturnace. We checked the dimensions change,
geometry change and full volume change. The mesiibw the influence of chemical composition of
martensite on intensity and character of volume ngbka of components after quenching.

Keywords: Special steel, vacuum quenching, volume change.

1. Introduction

Requirements for tools and for components in enéndystry are very high at present. The
most required properties of quenched componentéfatiene, dimensional precision and stability.
That is the reason why is the vacuum heat treatfvensed on achieving homogeneous martensitic
microstructure with minimum content of residual taunge.

Vacuum quenching or quenching in special furnaceoaphere is the only way to quench
steels without scalings production on the surfatguenched components. At components with
pure surface we may relevantly compare dimensiodsgyaometry before and after quenching.

Vacuum quenching is especially significant in orttequench stainless and tool steels which
often need high austenitizing temperature beforenghing. The higher austenitizing temperature
is, the higher increase of decarburization layerTise vacuum does not allow production and
increase of decarburization layer on the surface.

2. Materialsand Experimental Methods

As experimental materials there were selected|stsrsteel with low carbon content and tool
steel with higher carbon content “Tab. 1 and TdbBbth are special steels, but X12Crl13 is steel
which contains chromium low-carbon martensite afteenching.

(Wt. %) C |Cr Mn [Si |[Ni
Min. |0.08|11.50|—- |- |-
Max.| 0.15| 13.50| 1.50| 1.00| 0.75
Tab. 1. Chemical composition of X12Cr13 steel

X12Cr13

(Wt. %) C |Mn |Cr |V |Si
Min. | 0.85|1.80|0.20|0.05|0.10
Max.|0.95| 2.20| 0.50| 0.20| 0.40
Tab. 2. Chemical composition of 90MnCrV8 steel

90MnCrV8

As a measure content there was selected a shaftviily is on Fig. 1. Experimental heat
treatment was realized in a bicameral vacuum fwnaith use of standard heat treatment
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parameters for following steels. Steel X12Crl3 wamated by 3 steps with austenitizing
temperature 1030°C and quenching medium was agrggsure gas (argon). Steel 90MnCrV8 was
heated by 2 steps with austenitizing temperatu@@@nd quenching medium was special oil for
vacuum quenching. Both steels were low-temperatiemgpered after quenching. In the case of
microstructure samples heat treatment regime wasated for dimensions of these samples.
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Fig. 1. Drawing of quenched sample

3. Resaultsand Discussion

The Microstructure and hardness correspond withl tesmperature regime. The microstructure
consists ob-ferrite with chromium martensite “Fig. 2” in these of X12Crl13 steel and tempered

martensite with carbides “Fig. 3" in the case oMACrV8 steel (correspond with CCT diagrams
for these steels).
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Big clearly bounded grains on Fig. 2 arderrite. Needles inside the grains are martensite.
Dark field on Fig. 3 represents tempered martenditate field represents carbides.

Average hardness of quenched X12Cr13 steel is 52 &Rl of quenched 90MnCrV steel is 60
HRC “Tab. 3". Both are normally achieved hardnesthese steels after quenching.

X12Crl13 90MnCrv8

54,55 (54,75 | 59,15 | 59,50
54,30 | 54,12 | 59,45 | 60,01
54,15 | 54,04 | 59,95 | 59,88

Average: 54 | Average: 60

Tab. 3. Hardness of quenched components (HRC)

Change of dimension was measured by 3D measurivigede/olume change dependency on
the dimensions is on Fig. 4. Geometry change deperydon the dimension is on Fig. 5.

The results show that low-carbon (chromiumyterssite reduces volume of content after
guenching by 0.1%. Standard high-carbon martensireases volume of content after quenching
by 0.2%. It is clear, that type of martensite afeaot only on the mechanical properties of steels,
but on the character of deformations too. In theecaf 90MnCrV8 steel change of dimension is
double higher than in the case of X12Cr13 stea]."Bf.

Geometry change depends not only on the typeastensite, but on the full chemical
composition of steel too. Higher geometric stapiis X12Cr13 steel has 90MnCrV8 steel “Fig. 5.
It is known, steel 90MnCrV8 is very geometricaltglse steel.
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Fig. 5. Change of cylindricality dependency on the diniems of component

29



4. Conclusion

Vacuum quenching is energy intensive technologythei best results in quenching of stainless
and tool steels are achieved with this. This i #h& deformations that are the lowest with use of
vacuum quenching. The results in this documenti@it&al only. The results showed that the
character of volume change depend mainly on cheérsmaposition of martensite. Quantity of
volume change is not exact parameter and dependseciemperature regime, type of quenching
medium and other technological parametres, but cespe on the chemical composition of
material.
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Abstract. Fatigue crack propagation properties of AustenmgpeBrictile Iron (ADI) and Perferritic
Isothermed Ductile Iron (ID) are evaluated in this article. ADI representsttiye strength material of the
ductile iron (DI) family. IDFP is defined as an intermediate grade between thehtrdness grades of ADI
and pearlitic DI. Generally, both DI's are intendedbe used for castings subjected to variable myna
loading during their service, where familiarity vitatigue properties has the great importanceg&atcrack
propagation curves da/dN vs, &nd the threshold amplitude of stress intensitjofa K., for ADI 1050 and
IDI® are presented here.

Keywords: Austempered Ductile Iron, Perferritic IsothermedicbBle Iron, fatigue crack propagation,
threshold amplitude of stress intensity factor.

1. Introduction

Ductile iron is still an important material prodacthroughout the world and used for a wide
range of technical applications. Mechanical prapsrof DI can be significantly improved by the
austempering heat treatment performed under ciyefuhtrolled conditions [1, 2].

ADI with its combination of properties presentseargineering material that may be substitute
for steel (cast, forged and/or heat treated) omaium in applications where high strength/weight
ratio is important. Exemplary applications are give [1, 3, 4]. The production of ADI component
starts with the production of high quality DI casfs of an appropriate composition, followed by
heat treatment [1]. The conventional process ctssisaustenitizing the casting for sufficient time
to get a fully austenitic matrix, and consequergrmhing to the austempering temperature [1-3].
Chemical composition of ADI is related to hardetigband austemperability of DI. The alloying
elements typically added include Cu, Ni and Mo %2, The microstructure of ADI consists of
acicular ferrite, present in fine (lower bainite)amarse form (upper bainite), high carbon austenit
and graphite nodules [2]. Mechanical propertiesA@fl vary depending on austenitizing and
austempering temperatures and times, as-castigeuchemical composition and section size, with
the austempering temperature as the most impdaanitligh austempering temperatures result in
high ductility, high fatigue and impact strengthslaelatively low yield and tensile strengths. At
low austempering temperatures ADI displays highdyand tensile strengths, high wear resistance
and lower ductility and impact strength [3, 6].

In recent years, the increase in cost of the allpglements of the low hardness ADI grades
has led to areduced growth rate of new applicatiand created the opportunity for the
development of Perferritic IDI by Zanardi Fonde|f7g. IDI is an intermediate grade between the
low hardness ADI grades and pearlitic DI. Compavét pearlitic DI grades, IDI combines similar
strength with higher toughness properties as altreguthe isothermal heat treatment. IDI is
produced by heat treating of DI, cast after a gdepreconditioning of the metal bath. The
isothermal heat treatment consists in heating #iséirg above the critical temperature, followed by
cooling at a rate able to promote the formatiompeérlite [7]. Microstructure of IDI consists of
ferrite and pearlite with different distribution ropared to the as cast DI (forming thus a new
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“Perferritic” matrix), and graphite nodules. IDI$1ao alloy addition hence benefiting in terms of
cost, as well as in the technical performance, evtiie absence of alloying elements (Mo in
particular) implies less segregation and as a cues®e lower sensitivity to thickness [7].

In general, ADI and IDI castings are proposed fenviee under dynamic variable loading.
Hence it is necessary to understand their propergpecially in case of fatigue design. The fatigu
crack propagation curves, (i.e. da/dN vg) knd fatigue crack propagation thresholdnKare
presented in this contribution.

2. Material and Experimental Methods

2.1. Material and M echanical Properties

The experimental materials investigated here wewustempered ductile iron ADI 1050 for
production of high fatigue resistance castings §nfl ii) a perferritic IDI. Materials were supplied
in the form of cast blocks by Zanardi Fonderie. Tpical microstructure of ADI 1050 and
perferritic IDI is given in Fig. 1a and Fig. 1b pestively.

i
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a) ADI 1050, b) IDI.

The microstructure of ADI 1050 is formed by sphdebdi graphite particles uniformly
distributed in matrix that consisted of thick adaruerrite laths, usually aligned in clusters wilie
same direction (Fig. 2a), and retained high carbasienite, the structure characteristic for upper
bainite (Fig. 1a). The microstructure of IDI coned of ferrite and pearlite with uniform
distribution of graphite nodules (Fig. 1b), withcieased volume of pearlite at the borders of
eutectic cells (Fig. 2b).
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Fig. 1. Typical microstructure of experimental materiathed with 3% Nital,
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Fig. 2. a) ADI 1050, clusters of ferrite laths, b) IDI,gubite at the borders of eutectic cells, both edcivih 3% Nital

Mechanical properties of experimental material weneasured on flat tensile testing
specimens, extracted from halves of compact ten&idr) specimens broken after fatigue crack
propagation (FCP) experiments.

32



2.2. Fatigue Crack Growth Rate and Near Threshold Fatigue Testing

FCP experiments were performed according to the MStandard E 647-08 [8]. Chevron
notched CT specimens of thickng&s 10 mm and widthw = 50 mm were machined. To provide a
sufficient visibility of propagating fatigue crackelevant observed surfaces were polished by
1 micron grain size diamond paste. CCD cameras \wpptied to monitor propagating cracks,
while the increase of crack lengtla) (was measured by digital micrometers and recorded
simultaneously with number of cyclehl)( All tests were performed in electromagnetic resan
testing machine Roell Amsler HFP 5100 at constaeu IratioR = 0.1, and at the room temperature
in ambient air.

Six identical CT specimens (three of ADI 1050, ¢éhoé IDI) were tested and the fatigue crack
propagation curveda/dN vs. K, were determined according to the ASTM standardt E@B [8].
The stress intensity factor amplituldgis given by:

- P (2+a)

a B\/V_V (1_0,)3/2
where P, [MPa] - the load amplitudeB [mm] - the specimen thicknes8y[mm] - the specimen
width; a[mm] - the crack size.

Load shedding technique was applied, following #h8TM standard E 647-08 [8], to
determine the threshold amplitude of stress intgrfaictor Ky, This procedure involves slowly
reducing the applied load, by reducing the stragsnsity amplitude stepwise after the crack had
grown by at least 1 mm in length at the previgyslevel, and recording the crack growth rate
da/dN. The threshold valuds,, were then identified as the valueskafat which the crack growth
rate was of the order a0 °mvcycle.

(0886+ 4640 - 133202 + 14720° - 56a*), a = AW (1)

3. Resultsand Discussion

Fatigue crack propagation data/dN vs. K,, plotted in logarithmic scale are given in Figlt3.
is evident that perferritic IDI has higher valuek tbresholdK, comparing to the ADI 1050,
however the gradient of crack growth rate, giverth®yslopem, is higher too. Threshold amplitude
of stress intensity factoKyn and slopem of FCP curves in region of stable crack growthe rat
controlled by the Paris law are defined in Tab. 1.

le-6

R=0.1

le-7 4

le-8 -

da/dN [m/cycle]

ADI 1
ADI2
ADI 3
IDI 1
IDI2
IDI3

le9 4

>>»OOe

le-10

K, [MPa.m'”’]
Fig. 3. Fatigue crack growth rate data of ADI 1050 and ®E 0.1.

The FCP curves measured using three identical @&Cisyens of ADI 1050 (Fig. 3) are in
excellent correlation. However, FCP curves deteechiwith the three IDI CT specimens show
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large differences, especially in near thresholdoregThese data scatter may be caused by the
different microstructure in different parts of ttesting block. Thus, further microstructural anelys
of IDI specimens is needed.

Rn[MPa] | Ry2[MPa] E [GPa] A [%] HBW Ke [MPa.m’] m
ADI 1 901 708 152.4 43 270 - -
ADI 2 918 714 141.2 2.6 270 3.82 3.01
ADI 3 912 730 144.3 3.8 268 3.82 3.03
IDI 1 818 500 164.0 6.9 223 5.93 3.59
IDI 2 809 472 149.3 9.1 210 7.68 3.73
IDI 3 732 425 140.3 75 205 9.81 5.54

Tab. 1. Mechanical properties, threshold amplitudes afsstintensity factdf,, and slopes of ADI 1050 and IDI.

Tab. 1 reports the mechanical properties measunepladicular specimens of ADI 1050 and
perferriritc IDI. A correlation of the yield stressid Ky, is observed. The crack growth rate &g
and yield strength of ADI 1050 do not vary sigraintly. On the other hand, in the perferritic IDI
the yield stress increases from specimen to specimhée, correspondinglyan decreases.

4. Conclusion

The aim of presented experiments was to deternoing fatigue crack propagation properties
of ADI 1050 and perferritic IDI. The following cohusions were reached:

« The average threshold stress intensity factor dou#iKy, of ADI 1050 is 3.82 MPa.ff;

* Threshold stress intensity factor amplitude,nKof perferritic IDI vary between
5.93 - 9.81 MPa.ff,

* The yield stress, the FCG aidy, of ADI 1050 are constant within the examined mater
block,

* The yield stress of perferritic IDI vary with spexn location within the block while th€,n
decreases
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Abstract. Contribution deals with evaluation of corrosiosisgance of AE21 magnesium alloy. The surface
of tested alloy was treated by the phosphatingge®cWe compared the electrochemical characteristic
specimens without and with phosphated layer bytmlelsemical impedance spectroscopy in 0.1 M NaCl
solution. Results of the electrochemical measur¢snare complemented by metallographic evaluation of
the tested alloy.
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1. Introduction

Improvements in fuel efficiency and reductions mvieonmentally damaging emissions are
primary concerns for automotive and aerospacetstes One of the effective ways to mitigate the
concerns is to reduce the weight of vehicles. Meeeosuch weight reduction could provide a
significant contribution to reducing the @@mission. The density of magnesium is about tvua-th
that of aluminum and is only slightly higher thdrat of fiber-reinforced plastics with excellent
mechanical and physical properties as well as geadglity and recyclability. Some of the
advantages of the magnesium alloys for industnal structural applications are their lightweight,
high specific strength and stiffness, high electignetic interference shielding and damping
capabilities, dimensional stability, impact and dessistance, anti-galling, and good electrical and
thermal conductivity [1,2].

However, the application of magnesium alloys hasnbémited due to their undesirable
properties including poor corrosion and low weagis&ance. A more effective way to prevent
corrosion of magnesium alloys is to coat the sabstmaterials. Surface treatments, such as the
formation of conversion coatings, are commonly ggapto magnesium alloys in order to increase
the corrosion resistance. Phosphate technique d&s Used to steel, aluminum alloy and titanium
alloy as protective coating or pretreatment to unelath the paint. In fact, phosphating may be a
promising method for magnesium alloys anticorrosiod pretreatment process before paint [3].

2. Experimental materials

The AE21 magnesium alloy after extrusion from astcstate was used as an experimental
material. The extrusion of the material was pregpaae 370°C with extrusion ratio of 22 at
University of Technology in Clausthal, Germany. Th@malized chemical composition of AE21
alloy is in Tab. 1.

Element Al Re Mn Mg
Content [wt.%] 2 1 0.3 balance

Tab. 1. The chemical composition of AE21 magnesium alloy.
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The surface treatment of the specimens was redhyguhosphate process. Phosphate coating is
a conversion coating of an insoluble crystallingahkphosphate salt formed in a chemical reaction
between the substrate metal and a phosphoric akitis containing ions of metals.

2.1. Microstructure analysis

Microstructure of AE21 alloy (Fig. 1) is created pglyedric grains of the solid solution of
aluminium, rare earth metals, manganese and otiiditians of elements in magnesium. The
microstructure contains the areas ofMM (Al4RE) phase [4,5]. The detail of this phase is in
Fig. 2.

-l

v et "'-.a‘fJ_'.f' Y o Aokt 'Am' pa Y M ."' S -‘-. , - "’AL
Fig. 1. Microstructure of tested AE21 magnesium  Fig. 2. Detail of AjJMM (Al 4;RE) phase, cross
alloy initial state, longitudinal section; etchetic and  section; etch. acetic and picric acid + ethanolaten
picric acid + ethanol + water.

3. Resaultsand discussion

The measurements of electrochemical impedance regeopy were realized on grinded
surfaces (AE21 G) and on surfaces with phospatengpkayer (AE21 P) in 0.1 M NaCl solution at
laboratory temperature of 22+1°C. The method of Ri8vide values of polarization resistances
(Rp), directly proportional to corrosion resistance rofterial surface in the environment. The
exposure times before EIS measurements were 5 esinlif 4, 8, 16, 24, 48, 96 and 168 hours,
respectively. Frequency range was from 100 kHzOieon®z with frequency changing of 20 times
per decade. Amplitude of AC voltage was 20 mV. €benection and principle of measurement is
described elsewhere [6,7].

The specimens before phosphating were grindededimgth demineralized water, dried and
then followed by pickling in 75 % phosphoric acior 30 seconds and rinsed with water. The
phosphating was carried out in the phosphate eal(fiab. 2) for 10 minutes at temperature of 45+2°C
[8,9]. The rate of specimen during phosphate puoes 350 rpm.

pH Chemical composition of the phosphate solution
3402 NaHPO,(20g.1Y) + HsPOy(7.4 ml) + NaNQ(3 g.IY) + NaNQy(1.84 g.1%)
- + Zn(NOy)»(5 g.I") + NaF(1 g

Tab. 2. pH and chemical composition of phosphate solution.

Results of EIS measurements in the form of Nyadiejrams are in Fig. 3 for grinded surfaces
of AE21 alloy and in Fig. dor surfaces with phosphate coating. It is possiblénd out values of
polarizing resistances gRby Nyquist diagram analyzing. Outcomes of anayse to be found in
Tab. 3 referring to alloy AE21 in grinded state amdsphated surface of the alloy. These values
were determined by employing software analysisgi$inltaMaster 4 software based on circural
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regression. Equivalent circuits used in analysigopmance help us to model conditions on the
electrolyte-specimen interface [9,10].
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Fig. 3. Nyquist diagrams of AE21 G in 0.1 M NaCl
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Fig. 4. Nyquist diagrams of AE21 P in 0.1 M NacCl

Exposure | grinded surface  phosphated surfaceExposure | grinded surface phosphated surface
time Re[Q.cnf] Re[Q.cnf] time Re[Q.cnf] Re[Q.cnf]
5 min 430 +18 832+ 13 24 h 612 +17 719+ 41
1h 448 + 4 1259 + 17 48 h 340 £35 1707 £13
4 h 515+ 2 1270+ 10 96 h 152+ 2 1728+ 2
8 h 571+21 1372+ 14 168 h 112 +18 866 + 26
16 h 578 £52 1691 £ 49

Tab. 3. Electrochemical characteristics of AE21 G argpBcimens in 0.1 M NaCl solution

Analysis of the Nyquist plots shows that polar@atiesistance values of grinded surface of AE21
alloy increase with increasing of exposure timea@4 hours (61.cnt). Polarization resistance
of the surface after 24 hours of exposition (43@nf) is 1.5 time higher than polarization
resistance after 5 minutes of grinded surface atipnsThe resistance increasing on the material-
electrolyte interface is caused by increasing afagion products probably based on magnesium
hydroxide. The total polarization resistance isrdasing ranging between 24 to 168 hours of
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exposition. It is caused by dropping out of comasiproducts which have protective nature.
Dropping out of corrosion products causes contacbosion environment with metal surface and
further active development of active corrosion pss In the case of EIS curves measured on
phosphated surface, the polarisation resistanceedrately (within 5 min) after immersion of
materials into the 0.1 M sodium chloride solutioasa2 times higher than the Ralue of grinded
surface. The maximum value ot Ras observed in the case of phosphated surfamsOéf hours
(1728 Q.cn?). It is four times more than on grinded surfacBse local damage of phosphated
coating layer on the AE21 alloy occurs after 168r8an a corrosive environment and thevalues
decrease.

4. Conclusions

The metallographic and electrochemical investigetiof various exposure times on the corrosion
resistance of extruded AE21 magnesium alloy witindgd and phosphated surface have been
carried out in 0.1 M solution of sodium chloridén€elfollowing conclusions can be drawn from this
study:

* Microstructure of AE21 alloy is created by polyedgrains of the solid solution of Al, RE,
Mn in magnesium and the areas ofMM (Al 4RE) phase,

» Polarisation resistance values of grinded surfa@&21 alloy in 0.1 M NaCl solution increase
up to 24 hours of exposure time. Polarization tasise after 24 hours of exposition is 1.5
time higher than polarization resistance after Swtes of grinded surface exposition.
Dropping out of corrosion products occurs afterl48- hours, R values decrease and
grinded alloy loses the ability to resist corrosioi®.1 M NacCl.

* Maximum value of Rwas observed on phosphated surface after 96 lndusposition in
corrosive environment. When we compare the maximnataes of R for phosphated and
grinded surfaces, we investigate thatv@lues of phosphated surface are 3 times higher th
on grinded surface of AE21 magnesium alloy. ThefRspecimen with phosphated layer after
168 hours (866x.cnT) is 7.5 times higher than the Bf grinded surface (112.cnf)
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Abstract. The main composites on hydraulic binding matennal eeramic fibres are materials consisting in a
hydraulic binding material matrix (aluminous cememinforced with short or long ceramic fibres whic
distinguish themselves through their special plafsitechanical properties and good behaviour during
operation. This paper presents the achievemerdré somposites meant for achieving furnaces insulst

in the machinery building industry.

Keywor ds: composite, materials.

1. Introduction

Composite materials are one of the categories wf medern materials rapidly developing and
assimilating, artificially created through the imtational combination of parts, materials for fetur
technologies.

Composite materials are a mixture of two main aatieg of components: the matrix in which
the fittings are also distributed, physically anldemically distinct, physically and chemically
compatible, being in a state of thermodynamic kbadarwithout resulting an interaction with
unwanted chemical reactions, net separation swgfaedst between the components [1-4].
Composite materials may include different additjvasdorants and pigments. Composite materials
have final properties superior to their componé€sysergism) and sometimes unique in comparison
to them.

2. Experimental part

The reinforcing agent is represented by ceramie fibsistant to the temperature of 1%&0in
order to reduce the length of fibres from P150 nin8t— 5 mm they are moist chopped in a
malaxating machine. In order to achieve a hydrasdicket at the temperature of the room with the
role of matrix for the monolith mass with fibresg wse aluminous cement.

Sodium silicate is the non-hydraulic mineral bintleait plays an important role in achieving
the socket in the field of low and average tempeest and in granting the material certain
machinability.

Kaolin or refractory clay has the role of providiaggood machinability of the mixture. Fine
burnt fire clay and siliceous sand are added irotd influence some of the physical properties of
ceramic fibres and hydraulic binders composites.

Tab. 1 presents the oxide composition of raw maltetised.
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No. | Raw materials P.C. SjO | Al,O4 FeO; | CaO + | NaO + | Other
MgO K,O oxides
1 Ceramic fibre 0,5 49,3 48 0,4 0,9 0,9 -
1260C
2 Aluminous cemenf - 5 68 0,4 26,2 - 0,4
3 Refractary clay - - - - - - -
4 Sodium silicate - - 32 - - 11 -
5 Burnt fire clay 0,5 67,46| 17,82 3,89 4,61 492| 80,
Tab. 1. Oxide composition of raw materials
No,| Raw materials (percentage composition %)
Compositg Ceramic |Aluminous|Refractory| Burnt Siliceous [Sodium Mono- Wate
material | fibre cement | clay fire clay | sand silicate phosphate
1 | M 7 22 18 18 - 4.8 0,5 29,7
2 | M, 7 20 18 - 18 7,9 0,6 28,6

Tab. 2. Percentage composition of raw materials used foieat1g composite materials

3. Resultsand discussions

For physical-chemical and mechanical characteomatest tubes with the sizes 160x40x30
mm were made in metallic matrices.

For every composition (Mand M) on the test tubes made in the laboratory, phiysivamical
and structural determinations on raw masses thirrmebted at e 4°¢, 780C and 1186C were
made; apparent density, linear contraction, bendisgstance through 3-point loading.

Results are presented in Tab. 3.

No. Determination Recipe
M, M,
1 Apparent density g/cm
- raw 1,36 1,78
- burnt 416C 1,09 1,18
- burnt 786C 1,08 1,15
- burnt 1186C 1,20 1,13
2 Linear contraction %
- raw 0,55 1,65
- burnt 416C 1,12 3,05
- burnt 786C 1,19 1,46
- burnt 1186C 3,63 3,02
3 Bending resistance
daN/cnf - raw 6,51 10,87
- burnt 416C 18,53 14,21
- burnt 786C 15,87 20,59
- burnt 1186C 40 32,34

Tab. 3. Physical — mechanic determinations of test tubes

The composition M — raw sample: a crystalline mass of particlesigealed with a general
polyhedral form with sizes between 1,4 andrB. In some places, we notice ceramic fibres with
smooth surfaces, without any unevenness, recrigstidins, cracks or other faults. The average size
of the fibre is 2um. On the sample burnt at 4100C we do not find siggificant differences from
the raw sample. We notice a crystalline mass witmigture of plaquette like and polyhedral
particles with different sizes: 2,5-20n. Fibres have variable sizes, the average dianbetieg
between 2-1Qum. At 780C the crystalline mass is compacted forming laigedsagglomerates
reaching 80um, revealing areas of glossy mass. The sample tairdt188C generally has a
compact mass similar to a “agglomeration” procedgst like in the case of “agglomeration”, we
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notice intense intragranular porosity. Pores aumdo well defined, both in the glassy mass and in
the area where particles can still be seen. Theg tialues between 8-20n and are polyhedral.

M, composition — raw sample: the fibre is clearentimathe case of Mcomposition, both in
raw state and in temperature variations. Sevestindi phases can be revealed: a phase consisting
of plaquette like and polyhedral particles simitathose in the Mrecipe with sizes of 3-18m, the
fibre having average diameters ofith and a range of values between 1,546 as well as the
third phase of acicular particles that clamp itdistinct areas or cover the fibre. They have
thicknesses between 2-5yf1. On the sample burnt at £0) as well as on the one burnt at %80
we clearly notice the fibre covered in various atdc and polyhedral particles. The acicular
particles that form the main phase at¥1@an be noticed clearly, especially in the arethefibre,
and at 788C the crystalline phase occurs, consisting of pedlyal and plaquette like particles with
sizes between 4-10m. Just like in the case of ;Momposition, the sample burnt at 198thas a
genera compact aspect similar to an “agglomeratianth both intragranular and intergranular
porosity.

4. Conclusion

We experimentally noticed that by adding burnt Glay we get the advantage of a decrease of
the linear contraction after burning between 1,13263% depending on the burning temperature.

Experimental results confirm an optimal structuré tbe composite material and an
improvement of the mechanic resistance while bepdinadding sand up to 39%, depending on the
burning temperature.
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Abstract. The article analyzes the intensity of milling teear in the primary interaction of cutting edges
and machined material. Based on the observatiomeaf, we follow a different character and intensity
wear of the cutting edge, which is dependent onpitetion of the milling tool to the machined maaér
frame. Given this problem it is necessary to ar@alye situation, which is necessary to proposepdimal
solution start-up and movement of milling tool haciiease tool life.

Keywords: Intensity, wear, milling, primary interaction.
1. Introduction

It is now necessary to address the issue of prinr@graction tool cutting wedge with
working materials. It is necessary to establishathematical model and experimentally verify the
effects of selected geometric profile milling tdof milling application of modern cutting materials
in the machining process conditions, such as wgrlithout applying the process media, working
high-hard materials with hardness greater than B&E Hhigh-speed machining. Gained knowledge
will be beneficial for designers and manufactui@rsools as a basis for appropriate design of tool
for a given technological conditions.

2. Wear Mechanisms of Cutting Edge Tool

All tips of cutting wedges of tool are exposed tfeets, which result gradually wears. This
wear is exposed to the point of achieving the enithe period of their durability. Durability is the
period during which the tool works by clamping tiggto wear and be counted in minutes. It is a
feature of the tool when it is able to work withire established parameters of quality to give the
desired workpiece shape. Wear of cutting edge taol be determined by weight or volume
indicators of wear. In these pictures is an exampl@ol tip wear and there are dimensioned wear
size in different locations.
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VB; wear on the main dorsal surface of the cuttingeetdgl in different places divided by the
cutting edge. Kf is a distance between the traceutting edge and the closer edge of the groove
wear .KB is a distance between the trace of cuttithge and the remoted edge groove wear. KM is
a distance between the trace of cutting edge amadhter groove wear on the face of the cutting
edge. KT is a depth from the original face surflcthe bottom wear groove. By observed the right
conditions of cultivation can be achieved an insegbproductivity by taking account the geometry
of the cutting edge and cutting conditions. Duiligbiand mechanical time (to produce a single
component) may be very different in the choice ifflecent tools. On the course and intensity of
wear in dependence of time can identify three belsaracteristic areas. Primary wear area, which
is influenced by aligning the peaks and inequaditghe back of the tool eventually the defective
surface layer of the dorsal surfaces. Followingsiie secondary wear, where the peaks are aligned
and the course is almost linear course with a steidency to increase depending on the workpiece
and the supporting factors. The final area is #ntiary wear, which reflected the intensity of
accelerated wear, which causing fracture and dggiruof the cutting edge tool. Cause of wear is
the interaction between the tool, working matesiadl cutting conditions. The most important types
of wear generated at surfaces of the cutting edgenamost cases, mechanical, heat, chemical,
abrasive. [15]

Mechanical load we mean as static as dynamic ptoaer These arise during machining. They
are emerging as the burden of cutting force compisnand the strength creating splinters, or
different dynamic loads due to uneven cutting layemtermittent cutting. In machining of metal
creates large quantity of heat, which developsrontfface surface and back cutting plate. This heat
load very strains material of tool. During the mgtsplinter arises on metal tool cutting edge rtlea
surface, which tends to chemically react with wogkimaterial. Some cultivated materials
containing hard particles, which sometimes resenfidecharacteristics of their instruments. These
may affect abrasive on tool. Allocation of mechamsswear can we divided on the basis of the
action of the above burdensome factors on theumstnt, which is manifested as one or a
combination of several basic forms of wear. They d@ivided into these basic methods of adhesive
wear, abrasive wear, static and dynamic fractuaggue violation, diffusion wear and oxidation
wear. The first four of these methods are causeddnr on the mechanical effects, the other two
are caused on the principle of the chemical. Ontoel wear does not participate under certain
conditions aside all going the same rate. For a @laworkpiece cemented carbide - can (under
conditions aside) dominate one or the other aclitie. decisive factor in determining which type of
action in the machining process dominates is tmepézature of the interaction tool with the
workpiece.

3. Experimental Measurement of Wear

The objective of measurement was necessary tondieiemwear on the head back and side back
of tool for machining workpieces, cutting down &fle conditions, for direct and trochoidal
movement of tool. On the milling was used monofiiling cutter FEAV1200AWL45 KC637M
with six cutting edges. The main geometry of tomnteter @ 12mm diameter of the clamping
12mm, active part of the tooplmax 45 mm and 93 mm length of the tool. Cuttingditoons of
the experiment, cutting speed ¥ 132m.mift, feed rate ¥= 430 mm.mift and depth of cut
a= 3 mm. Measured values of wear “Table 1 and Table

Tooth Wear on the front face Aty | Wear on the head back Afo | Wear on the side back éfa

cutting tool kg Figure VB Figure VB’ Figure
0,17 0,23 '- 0,12
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0,14 0,28 0,07
2
0,17 0,20 0,17
3
0,18 0,26 0,08
4
0,19 0,21 0,07
5
0,21 0,19 0,06
6
average | 0,176 0,23 0,95
Tab. 1. Values wear when milling straight movement of thel
Wear on the front face Wear on the head back r\Weshe side back
KB Picture VB Picture VB’ | Picture
0,15 0,1
1 0,11
0,10 v 0,07
5 0,12 /i
0,11 ' 0,08
r
3 0,08 y
-
0,09 » 4 0,07
. 0,048 ="
E il
0,08 P 4 0,04
5 0,105
0,10 > 0,06
0,11 b/ e
6 =
average | 0,096 0,105 0,07

Tab. 2. Values wear when milling with trochoidal (non-lar@ movement of the tool
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KB VB VB‘
direct movement of the tool | 0,176| 0,23 0,95

trochoidal movement of the tool| 0,096 | 0,105 0,07
Tab. 3. A comprehensive comparison of the wear from megbualues

4. Conclusion

The main purpose of the experiment was to compachoid (non-linear) movement with a
direct (linear) movement by the milling and finceteffect of technology movement milling tool
with given to interactions cutting wedge and woddqa to the total wear after milling in both ways.
The results obtained, it was found that the metbbanovement of the tool in milling is an
important factor affecting the strength and weathef cutting edge of tool. When using trochoid
(non-linear) movement we reached a reduction ofrweansity more than 100% to each parameter
observed. This finding leads to new possibilitiésusing non-linear movements milling tools in
order to reduce the main dynamic of the cuttingeedfjtool and hence to more efficient use of
machining tools in achieving a comparable tool w&hen using the direct movement of the tool.
Another advantage of the trochoid movement is thesibility of milling a wider area compared to
average cutting higher tool parameters, as compaitbdstraight motion leads to a reduction in the
number of needed transitions.
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Abstract. The paper analyses one of measures of the infgaiEsive safety - efficiency of anti-intrusion side
door beam in the case of vehicle side impact onntimeovable obstacle. The impact testing and amalysi

the applicable regulations used in the world pcactind examination of characteristics of side irpest

are carried out in this work. With numerical modeighe anti-intrusion side-door beams of a uniqress-
sectional geometry being created, shock-absorpists were conducted using computer-aided design
system Solid Works and the finite element methoftsre package LS DYNA). Based on dependences of
the beam energy absorbed and the simulated poétedation on time obtained, the most effective ipradf

a anti-intrusion beam in a passive safety aspesttivan defined. The survey results allow a prelaryn
assessment of structural stiffness during a velmgbact against an immovable side barrier.

Keywords: internal passive safety, side impact, anti-inbunsbeam, numerical model, absorbed energy,
deceleration.

1. Introduction

Over the past ten years about 40 thousands of @aoplkilled and injured more than 3 million
people are injured during vehicle crashes on Ewaopeads every year [1, 2].These facts testify the
numerous economic loss, therefore the target s#tdiuropean Commission meeting the strategy
of sustainable development is natural - over thd ten years, at least halving the number of road
casualties [4st]. One of the preconditions for thalization of this goal is the development of
advanced vehicle reducing amount of deaths andiesjin so-called survival collisions along with
implementation of effective internal and externasgive safety measures. Progress of fast
production methods and technologies in the automoindustry caused increasingly popular
application of welded and molded constructionsgiitlaluminum and composite materials [3]. By
raising higher and higher requirements to accidestessment and passenger safety theoretical,
numerical modeling and dynamic testing of grounticle safety elements and energy-absorbing
structures conducted by the researchers are of inapomrtance [1-3].

Vehicle accident statistics shows that the artidalt with the case of passenger side-impact,
one of the most dangerous cases in respect of -datath- side-impacts make up one third of all
impacts in which 35% are fatal cases [3-4]. Theaeshers in their works carried out side impact
tests of two types: a vehicle on a vehicle andhacke on a pole.

The second case — an impact of vehicle moving srsite on a permanently fixed pole
simulating a tree, light pole or other obstacle wagestigated in this work. Standards and
regulations used in practice and describing vehgitie impact against an obstacle analyze
dynamics behavior of the complete vehicle and oantpvithout taking into account the general
requirements to buildings of isolated structurds T4is article presents research of behavior ef th
most important structural vehicle element in saBetpect — the front side-door anti-intrusion beam
impacting against a pole.
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2. Analysisof avehicle sideimpact test

Vehicle crash test is a complex process - the stolli mechanism can be highly variable,
depending on factors - movement regime before tifact (braking, movement at angle, sliding
sideways, etc.), the speed before the impact, memeafter the impact (rotation, skidding, turning,
etc.), and the vehicle construction. One of the tmaddely used and accurate methodologies of
evaluation of vehicle passive safety is full-scatpact testing. Regulated vehicles crash tests are
focused on the behavior of the body structure arehgth with short-term impact loading. Despite
the fact that currently in the world there are dlten independent organizations investigating and
assessing vehicles safety by their own rules aaddsrds, no uniform test procedures exist.
Existing standards and regulations are fundamenthfferent due to severity of assessment of
results of the tests.

Towards a more effective passive safety measuresase of side impact, in the National
Highway Traffic Safety Authority (NHTSA) there wateveloped the side impact test - Federal
Motor Vehicles Safety Standard No. 214 (FMVSS 2latjded by dynamic test with shifting
obstacle [5]. Side-impact tests according to FMM3i&ctive No. 214 were conducted for two
cases: quasi-static and dynamic. Quasi-staticréestals a rigid body reaction when it is intruding
into the vehicle cabin area. The test is carriedbyupushing the rigid cylinder of 450 mm length,
300 mm in diameter into a vehicle door at a stesgied of 0.03 m/s.

During impact test against a pole (Fig. 1) the giehis fixed on special trolley and pushed to a
permanently fixed pole at speed 29 km/h. The vehgHirected to a pole so that it would be in one
plane with the driver's head. The pole itself is42%m in diameter, so during an impact it is
intruding inside the vehicle rather deep. A dumropstructed specially for side-impact tests was
seated in the driver's seat, in order to assesstinean head and legs injuries (Fig.2). Vehicles
without side airbags for a driver's head may histgar pillars as a result he may die.

Although anti-intrusion beams are probably the osityictural response of the side door to
protect passengers during an impact against the clidtacle, but there are no regulations or
standards for testing separate beams. During a isigect of experimental or numerical-
experimental studies interaction of side airbags,0oacupant’s head and the central pillar, and
dynamics of the passenger movement across are zadalyput strength or stiffness of the
components of the side door are not separatelyzewin a standardized way.
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Fig. 1. Test of side impact on o pole accordingto Fig.2. Cases of sustained legs injuries.
Euro-NCAP.
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3. Numerical research of vehicleside door anti-intrusion beam during an
impact on immovable obstacle

Anti-intrusion beams designed to protect passengienisg side impact when a foreign object
from outside intrudes into interior space are mednhside the vehicle door cavity at exterior plane
and are attached to the front and rear door pi(leigs 3). These beams are slightly curved outwards
— thus impact strain energy absorbed is primaiilgatied to the door sides which rest on the body
pillars. Strength, stiffness or energy absorbarfogebicle retaining structures is determined in two
ways: using approximate methods and the high sdéetiprs and exact numerical methods and
minimum ratios. The first method in this case iaeoeptable, since it is used for various low speed
machines and structures, for which their own weightrrelevant. The second method allows a
significant reduction in structural weight with assg the required operational safety, but requires
an accurate assessment of all possible struceatires.

Simplified calculation schemes were used in inigtdges of the study, with evaluation of
characteristic working conditions of the vehicl@esistructure. By finite element modeling of
complex structures such as the vehicle door soméehgimplifications can often be realized,
isolating the specific elements and maintainingltbendary conditions, while speeding up decision
time and without affecting the accuracy of the solu In this case, a number of schemes are used
in calculation for the same structure, dependingwdrat operational conditions simulates the
structure. At this stage the experimental and nigakresults of research of insulated protective
side door beams are compared. Although the ovetifilhess of protective beams defined fully
reflects the structural reliability of a side impawent, at this research stage the structure aptyim
is associated with regulated calculation resulgsafer parameters.

Six anti-intrusion side door beam models chosemftioee door-mounted forms mostly used by
vehicle manufacturers were investigated in the wivkh the numerical models of the side-door
anti-intrusion beams of a unique cross-sectionahgry created (Fig. 3), side impact research has
been conducted, using computer-aided design sySwid Works and the finite element method
(software package LS DYNA). While modeling the \@diside door anti-intrusion beam behavior
in the case of a collision in the work, relevanhtaet target formulation and solution is important.
For this purpose very efficient single-sided impeattact *CONTACT_FORMING_ONE_WAY _
NODES_TO_SURFACE has been specially selected tdlasirohallenges [6]. An explicit task
solution was used for calculations, the impactspsed 2mm/ms is recommended to quasi-static
molding pressing tasks.

Fig. 3. Vehicle body protective shell and anti-intrusiégtiesdoor beams examined.

49



quasistatic explicit, door beam intrusion 200 mm -

a Contours of Effective Stress (v-m) ringe Levels
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quasistatic explicit, door beam intrusion 200 mm
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quasistatic explicit, door beam intrusion 200 mm
C) Contours of Resultant Displacement

min=0, at node# 5477 2.011e+02
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Fig. 4. Variation of stress (a), plastic deformations és)d displacements (c) with beam deformation of 208

When modeling thin structural elements of vehiabaris shell finite elements are commonly
used. About 20 different types of shell finite etts are introduced in the program LS-DYNA.
Nonlinear shell finite elements of four nods weeéested in this work, and they were calculated by
Mindlin-Reissner theory of thick boards, evaluatingriation of element thickness during
deformation, having five integration points in fhlane of the element and two integration points in
the element width. Increasing the strain rate m ittodel may lead to non-physical deformation
(Hourglasing) effect, to avoid which the additioraintrol factors are selected for elements. The
finite element mesh fineness has significant e$fect accuracy of results of the numerical model.
In order to evaluate grid density effects the eleimedge lengthLe=5 mm is chosen in these
numerical models discussed in this work.

Constructing the finite element numerical model tbé anti-intrusion beams (FEM), the
material (DIN EN 10025 — 91: St 52-3 N, (AISI 104@) the software package LS DYNA is
described by the law, where the model describirigaber of the material in an elastic-plastic area
is based on strengthening law. In the linear stteargng model link between stress - strain is
expressed as [6]:

o=Ele,when 0<0, and 0=E[£+E(£—£y), when 020, (1)

where E, — factor describing the tilt of the strengtheniimgelcalled the tangential modulus, which
can be determined in two ways, i.e. by values efstinength or the breaking threshold.
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The calculations are based on two conditions. Asadly mentioned, the explicit calculation
guasi-static approach was used: a beam is strainegty low speed (2 mm/ms) by a pole, until 200
mm displacement is reached. Results demonstrate 4frithe amount of force required for each
profile in order to achieve this displacement. gsthe explicit method of calculation, when a
concrete speed equal to 29 km/h acting on the beadmown, a certain pole weight - 50 kg is
chosen. In this case, a test for testing new vesicbrresponding to the standards was simulated:
the vehicle placed on a platform is side movinged 29 km/h and hits at right angle to a rigid
pole of 254 mm in diameter.

During a quasi-static numerical test the reactamcd was determined (Fig. 5.). According to
requirements of FMVSS-214 (Federal Motor Vehicléde8aStandards, Side intrusion/Roof Crush
test) [5], when the pole 254 mm in diameter inédsicby 150 mm into the vehicle door anti-
intrusion beam, the reaction force must not be teas 5 kN. From Fig. 5 we can see, that the
maximum force is needed to deform the beam "8fpofile and it is equal to 23.13 kN. The
minimum force needed to deform the beam®pibofile is equal t019.26 kN. It should be notedtth
the mass of the second beam is the largest ofixhbemams investigated, resulting in increased
resources needed for reaching the target displateme

Dependences of energy absorbed by beams on timgiae in Fig. 6. Beam deformation
takes place 30 ms with the impactor acting at 2%hkmhe maximum energy is absorbed by the
beam of the ¥ profile as well as — it is equal to almost 1.6 Ry. contrast the lowest energy is
absorbed by the beam of th&drofile.
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Fig. 5. Displacement curve of the force and the impacttingon the beam.
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Fig. 6. Dependence of energy absorbed by the beam on time.
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Fig. 7. Dependence of deceleration of the pole simulatetinos

Dependence of deceleration of the pole simulategbgctor) on time is shown in Fig. 7. The
maximum value is again reached by beam of f@file - it makes 0.38 mm/risThe greater the
deceleration, the sooner the beam deformation sfap$ under real conditions the sooner intrusion
of outside obstacle (e.g., in the case of collistbranother vehicle, tree, pole) into the vehicle
interior is stopped. In summary, from the resultsFiy. 5-7, it follows that the beam of th8%2
profile is the most optimal.

4. Conclusion

In the absence of separate regulations and stamdardesting of structural response of side
door element — anti-intrusion beam, protecting @agsrs during an impact on the side barrier,
during practical side impact experiments or a nicaéexperimental studies, interaction of the side
airbags, a passenger’s head and the central atrdtdynamics of passenger’'s side moving are
analyzed, but strength or stiffness of the sida domponents are not analyzed separately.

Based on obtained dependencies of the beam enbeyyb&d and deceleration of the pole
simulated on time, the most effective profile obtective beam in passive safety terms was
determined — the maximum value (0.38 mnfjne$ dependence of deceleration of pole (impactor)
simulated on time was defined in case of the beftheo2" profile — under the real road accident
conditions an intrusion of a foreign obstacle itite vehicle cabin is stopped the most quickly.

Results of the research done allow preliminary @ssent of structural stiffness when a vehicle
impacts against a immovable side obstacle. In agggethe true functioning of side impact beams
and dealing with their effectiveness, it is impattéor simulation to adjust the computational model
adding to it certainty of mounting of the anti-udion beams in the side door.
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Abstract. This article addresses the need to measure thmeggo accuracy of CNC machine tools and
introduction of modern diagnostic system workingte principle of light interferometry. The expeanal
section describes how the measurement of positamahtion Reviews Support school lathe when meaisur
with the scroll at different speeds.

Keywords: geometric precision, laser interferometer, positdeviation, systematic positional deviation,
numbness, positioning accuracy

1. Introduction

Progress of the country's economy shows a higH E#veechanical engineering, which is in
most represented by machining. Its improvementasety linked with improving the construction
and maintenance of the degree of precision madoiols. Machine tool positional accuracy and
repeatability are core descriptors of a machiné &mal indicate the machine's expected level of
performance. Precision of machine tool is deterohibg accuracy of labor movements and their
relative positions at work. Machine tool users faieed to proven verifying and documenting their
accuracy, which allows exclusion of unforeseen dowa due to failure to comply with the
required tolerances of the product. Diagnosis ofhiree tool brings the trend of precision machine
tool and it is detected early date machine repus therefore subsequent saving of the finances,
which is the basis for sustainable production.

2. Precision Machine Tools

Precision of machine tool is a feature, that chiaraes the ability of machine tool produces
components in the required quality. Precision othmae tool is conditional to the requirements for
the degree of quality component. This sustainedigi| machine work is intended primarily in
accuracy of its individual parts and their mutuaposition. Effect of compliance with precision
manufacturing and assembly of parts and nodes ahima tools evaluates static, also called
geometric precision of machine tool. This is the entry subject to the amcy production of
finished component.

The first conditions for the control of geometriccaracy machine tools compiled in 1927 dr.
Georg Schlesinger. These conditions were takemraydified for current conditions. They are part
of the ISO, DIN, STN standard, ... These testsutelthe detection of deviations of shape and
position of individual parts onto fully assembleachine. They reveal hidden defects caused by an
inccurate production and assembly of machine @gr{lJo maintain the quality of production is the
main assumption control and prediction of the stat&chine tools. From the archive of the
measurements is obtained a continuous overviewtdbe evolution of precision machine tools.
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This allows the allocation of production of compoh®n machine tool to ensure the required
guality and reduce production rejects. This all@vesal diagnostic systems. In the experiment is
used a laser interferometer diagnostic system XLf#®dnh British Renishaw.

2.1.Presentation of the Laser System Renishaw XL-80

It is a modern laser diagnostic system with a madabncept that uses the phenomenon of
light interferometry. It allows linear measuremesft length, angle measurement, the angular
rotational axis cutting, flatness, straightness agdareness of movement axis of the machine
working .

On the Fig.1 is set to measure the linear distambe. beam 4 enters to ray splitter, which
divides its into rays 2 and 3. The referenced b&ais reflected from a linear mirror fixed on a
linear beam splitter back to the splitter. The mead beam 3 passes to beam splitter to the movable
linear mirror, from which is reflected back intcetlaser head. From beam splitter enters to the lase
head combined volume of two beams with differeapoation. The referenced beam is vertically
polarized and the measured beam is horizontallgrizald. Transition through the optic in laser
head, beams interfere. Measurement is evaluatdétieobasis of rotation of light and dark stripes,
which is recorded as a pulse by sensor.

Retroreflector

Laser head

Movement

Laser source

Retroreflector

Fig. 1. Configuration for linear measurement.

Laser head produces a stable volume of laser raalighccuracy of laser measurements is +
0.5um.mit in the full range of measurements at 0 ° C - @é&nd pressure of 65 kPa - 115 kPa. On
the size of the wave-length of the laser beam hagificant effect of temperature, pressure,
humidity of enviroment, expansion of material (natimechanizmus). The measuring system is
equipped by the compensatory unit for guaranteeatituracy. It provides compensation for wave-
length of laser beam by the measured values ofspres humidity, ambient temperature and
material temperature machine [2].

Part of the diagnostic system is the software Xkdraallowing processing of measured data
by various international standards. It also inctug@essibility of creating a table of compensation
values which is entered directly to the machinetrcdler. It is intended for fast and easy analyze
the characteristic of the motion mechanism of tlaetmme tool.

3. Measure the Positioning Accuracy

In the experimental measurement was a measuremamsipn of positioning Reviews Support
on school lathe EMCO Concept Turn 55 using a laserferometer system, XL-80. While a
number of standards and guidelines exist outlinfmgv to evaluate machine tool positional
accuracy and repeatability, they differ in theialysis procedures and in key parameter definition.
As a result the values reported for positional ety and repeatability for any one machine can
vary depending on which standard was used. Measmsnfor evaluating is in standard 1ISO 230-2:
2006. Scope of the standard: To specify the metlobdesting and evaluating the accuracy and
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repeatability of positioning of NC machine toolsdanomponents by direct measurement of
independent axes on the machine. Used for typengesicceptance testing, comparison testing,
periodic verification, machine compensation. In Tahre some characteristics of the measured
machine.

Distance betwee centers 335 mm
Swing diameter over bed 130 mm
Traveling in the x- axis 48 mm
Traveling in the z- axis 236 mm
Minimum step feed 0,0005 mm

Tab. 1. Data on the machine.

Before the start of measurement was necessaryeteca program to test a lathe, which has
control system SINUMERIK 840D from Siemens. Subssdly, it was necessary to cleanse dirt
from the line and install the measuring optics, ieheas used model with fixed inferometer splitter
and movable reflector. Also was connected comp@msatinit to minimize the effect of
environment on the measured values. After establislaser head and optics followed Reviews
Support "in operation empty" (about 30min). Measugat of deviations of position were realized
at length 170 mm with interval of split 10 mm affelient feed speeds. The most common feed
speed was half the maximum speed. Were used 2@058nd 110% maximum feed speed, while
100% represents 33.3 mnl.dn Tab. 2 are showing the values used at ther é¢feel and in Tab.3.
average values for which the measurements wergedalSupport ranged with an interval of 5s
because leveling position. As Fig. 2 shows the nmeasent took place in both directions raid to
measured positions in five cycles (five coursesrédational cycle).

Air temperature 23,81°C 20 % speed | 6,66 m's
The temperature motion mechanism 25,93°C 50% 16,65m.$
Air pressure 981,28 mbar |80% 26,64m$
Air relative humidity 39,62 % 110% 36,63m5

Tab. 2. Measurment conditions.

0 10 20 30 150160 170
L 11
o - P 1steydle
L
E——O——O—w

@ - 5thcycle

Fig. 2. Measurement scheme.

We compared the evaluation results given by theufaaturer in the documents of the machine
EmcoConcept Turn55 where was permitted the accuhgpypsitioning in the Z axis 0,08mm, and
measured to 0,05 mm. The machine is relatively aed the number of hours worked on it is
minimal, it should not depart from the values pdad by the manufacturer

Example of the evaluation results by to ISO 230s2on the Fig. 3, where we used
measurements at 50% speed. As it is shown in ghgiour values were in the range from 0,061
mm to 0,062 mm. Because the manufacturer statéshdanachine has only allowed values in the
range of one hundredth of a millimeter, is thereforelevant to measure more decimal places. Our
results on the results of the producer are diffetaumt on the other hand, are within the limitstset
the manufacturer.
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Accuracy and Repeatability
g
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Stroj:Emco ConceptTurnss Mean Dev.M: 62.650 Reversal B: 13.800

Vyr. no.: Sys.Dev.E : 74.820 Accuracy A+, 76.754
Datum:2011-02-25 10:08 Repeat. R+ : 24.465 Accuracy A-: B62.586
Csa =z Repeat.R- : 1.885 Accuracy A: 76.754

Fig. 3. XL-80 output at 50% speed feed

Various statistical characteristics of location wecy, which shows that the change of feed
speed causes little change in their view of thdaded accuracy of the machine are shown in Tab.
4.

20% velocity |50% velocity |80% velocity | 110% velocity
[mm] [mm] [mm] [mm]
Mean Deviation 0,061 0,063 0,063 0,062
Systematic Deviation 0,072 0,074 0,075 0,075
Reversal 0,012 0,014 0,014 0,015
Accuracy 0,074 0,077 0,076 0,076

Tab. 4. Values of statistical characteristics of accuracy

4. Conclusion

Measurement we are convinced that the positiomalracy of the school lathe is such as it is
specified by the manufacturer. Also at differerddespeeds is the accuracy in using of machine the
same. In the future it would be appropriate to measnother axis machine too. XL software
created for the measurement also correction valukgh is necessary to enter to the the control
system. This could be improve the accuracy of positg the axis Z.
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1. Introduction

Tools made of special hardened materials proceasedhighly cost-intensive, and therefore
already in the design consider the possibilitytefnanufacture, renovation or repair. The biggest
problem is to choose the right technology, whictunes tool as soon as possible mechanical and
physical properties, of course, a profitable pricemost cases, the repaired tools represents the
forging block, which is heat treated to a hardressut 50 HRC with a thickness of nitride layer
from 800 to 900 drawings, it is further processed/geered steel into hardness about 64 HRC used
as shaping tool and materials in excess of theneaslover 65 HRC from sintered materials as
carbides non-ferrous metals and the like. The roeat tools are difficult tested elements in the
process exposed to temperatures around 1300 °@narel This, together with mechanical stress
causes on the surface microcracks, that by thednmeing into uncontrollable fractures or occur to
brittle fracture. Tools to be worn by the mechahioad lose its function and therefore must be
replaced.

2. Current status of solved issue

Renovating is a special case of repair, wheredpaired object is machine component. It is a
work in renewing when damaged machine parts atheio functional properties. Renovation is a
set of activities carried out in order to restopem@tional status of components and their lifes It
reparation in which we return of wear parts itsrgetric shape, the original size, functional and
mechanical properties in accordance with drawimgktachnical specifications. Renovation may be
seen as a repair sub-sector, which contributegdacing the cost of restoration and operation of
machinery, but it will be seen as a special casefcling materials, which, moreover, reduces the
demand for raw materials and energy sources [1].

Management of the renovation process usually desgelgpontaneously, where lacks a
systemically approach in terms of an objective sleni about the effectiveness of organization’s
renovation. These problems remain in the literatmd in practice need to solve and increases
proportionally with the possibilities of currentraputer and communication technology [2].
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3. Block forging

It is shaping process, in which is forging fornfeam the initial forging blank, either in single
cavity swage, or to more cavities, while the flolvnoetal is regulated or restricted of cavities.
Block is a tool used for forging applications. dt essentially a steel block, which has a section
adapted to fit in the ram, the second part is mediiwin the table. In the block is formed on active
surface of block cavity, it has a shape, which Wile block forging divided into two parts. Block
forging has many advantages to free forging. Lalpoaductivity is several times higher than in the
free forging. Precision of forgings is much gredten in the free forging. With block forging we
can produce the products already done. This falprafiects not only the total consumption of
material required to manufacture parts, but it aleduces the labor of intensity required for
production parts.

Some negative aspect of block forging is compléxief tool. Block forging, it can be formed
complicated forgings, which should not be done t®e fforging. Block forging is used on the
production of more guantity of equal forgings.
Nature of nitriding is two-staged, where in thestfiperiod of time - in the first instance is sugac
intensively nurtured by nitrogen at high partiaegsure of NH3. In the second stage occurs to
diffusion layer growth at zero partial pressure Nifl3, where is absorbed nitrogen from the
atmosphere into the metal and nitrogen diffusidesaplace from the-phase tau-phase. This is
achieved by block a high resistance to sudden teatyre changes, increase resistance to abrasion
and cavitations wear of block [3]. Nitrided blockisow a significant increase in lifetime compared
with unnitrided cavities. It was found that thestifne re-nitrided block is comparable to the result
of the life of block made basically technology. Ritrided block was actually used twice, while
primary nitriding was carried out on newly manutaed block, which after completing its life in
production was enhanced mechanical process forrhatd and after obtaining drawing was again
nitrided [3].

4. Experimental test of fithess using VRP for repair lock forging

Forging tools wears in the production process du¢he large temperature and pressure’s
stress. This wear is relatively rapid, and theeetbe tool must be changed frequently to achiege th
desired geometric properties of forging (e.g. paliam areas and nominal size), but also because,
in order to prevent irreparable cracks across laktkh Most susceptible part to cracking is one in
which is broken the integrity of the surface, faample in Fig. 1 of the exhaust vents on the right.

e

Fig. 1. Visualization of wear forging tool
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The main points of the technological process retiondorging block are:

. remove surface nitride layer, cracks and otleéects by cutting methods - roughing -
working a new shape,

. machining the desired shape according to drasvirfme turning and milling,

. nitriding - process technology to ach|eve handace Iayer

Fig. 2. Visualization of forging tool before and aftenoevatkion of cutting operation

On Fig. 3 we can see, how to fix forging block. &kftvear of functional area, forging block is
repaired by deepening its original shape by drasvilgour case for better visualization is about 10
mm. Deepen the new shape has the same inner dranaett distances from the front office as the
original part. However, the total amount is redubgdhe dimension of the cavity which has been
deepened. To achieve the required level of separglane when mounted on a forging press, we
have to be placed under the block, whose widthgisakto the value of which is a diminished
amount of repair block.

©222.3
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Fig. 3. Schematic representation of the process of Fig. 4. Sample of materials
repair (1 - the first reparation, 2 - the second
reparation, 3 - third reparation)

Another issue that must be overcome during the manxghof the block is surfaced nitride
layer, how affecting the life of the individual ingments, also find comparative test. This means
that each type of tool will machine the sample, aehwill not be rid of nitride layer on the
forehead. Although this layer has a thickness ¢f about 0.2 mm, but the hardness is up to 56 to
57 HRC.

5. Non — destructive testing

Ultrasonically testing arose from the need to idertidden internal defects in components
that cannot be well outshined and those defectshwtould lead to accidents of finished products.
This method uses non-destructive testing methoasatérials and has considerable importance for
improving the quality and reliability in the indagt especially in engineering. Belongs to one ef th
most important methods of non-destructive testihgnaterials in which it is possible to detect
material discontinuities resulting in the produntisespectively in operation as a result of
mechanical stress [4].
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Effect of defects on the strength of the materiepehds on its nature, size and shape.
Distinguish the nature of spatial defects. Planature of the defects are cracks, cold joints,
unattaching and duality, while the spatial chanadedects, they are usually less dangerous for the
strength of the material, the bubbles, cavities por@s. Outside of these defects, whose natuee is t
be determined, there are also forming a transhietween major groups. These are such as rows of
pores, hair pores. Option to specify the naturthefdefect depends on the shape of the object and
the presence of surface to which it is possiblattach the appropriate type of ultrasound probe.
Detection of the nature or orientation of the defec based on the directivity of ultrasonic
transmission. On the nature and size of the defepends on the reflective property of these
components, and thus the shape of the echo [5].

6. Summary of current status

The work contains a summary of current knowledgaceming the renovations to restore
operational status of components, their life andgstbontributes to reducing the cost of restoration
and operation of machinery. For the purposes ajvation is using ultrasound defectoscopy, which
is one of the most important methods of non-destreicesting of materials in which it is possible
to detect material discontinuities resulting in greduction respectively in operation as a restlt o
mechanical stresdJsing ultrasonic non — destructive testing in ratmn tools for bulk-forming
intensifies machining of nitride layers. Detectioh internal defects by non-destructive testing
improves the quality and reliability of the renadeat Using this method and the right technology
we can achieve a reduction costs for the rehafidita and operation of machinery.

Managing of restoration processes in most cameged out spontaneously, which lacks regular
access in terms of an objective decision aboutagujateness, quantity and promotion process
itself. Before the renovation is necessary to dxt#ndamage of wear components, which are
machined for adjusting the dimensions and then deéedhe intensity of the renovation.

During the renovation we think about tools thahiave high productivity. Exchangeable
cutting plates must be able to trim high-hard layand exhibit the most satisfaction wear while
ensuring optimum dimensional accuracy and surfasghness.
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Abstract. The comparison between four different types ofiegttis presented, which are: oxy — fuel,
plasma, laser and water cutting. The main purpese present all of those methods and then sumentris
most crucial feathures of it. Nowadays, users dbohave any problem with finding information about
modern punches but at the same time it can be grailc which method of cutting should be chosen.
Information below might help potential users chttsemost appropriete method.
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1. Introduction

In every centuries, mankind has mastered a new tdrenergy. From 1960 — when the laser
was discovered, to this days, there are a largeuamof expectations that laser gives to the
everyday life. They have become ubiquitous, finditidjty in thousands of applications in every
section of society, including, information techrgyo science, law enforcement, entertainment,
medicine, industry and the military. The newest amate improved lasers optimized for different
performance goals, such as: maximum peak pulse rpand energy, maximum average output
power, minimum output pulse duration and minimuratco

A plasma and an oxy — fuel cutting are the mostrmommethod, which can be an alternative to
each other. An important benefit of the water oagtis the ability to cut material without interfiegi
with the material structure.

2. Description of the Experiment

On the market, there is many different types ofghes. Their technical parameters differ
one from another. It gives operators chances tosdthe most suitable machine for them and the
way they want to cut. Large diversity between thggues opportunity to fulfill one’s needs. Below
features like thickness of cutting material, posisybof drilling vents, cutting, investment cosase
included. Those results present the best featdrparches which are on the market. The table that
depicts conditions of experiment is based on tf&mmation form producers websites. All of those
relevant information have been gathered in Tald]1 [

61



Compered
Feature

Oxy — fuel
cutting

Plasma cutting

Laser cutting

Water cutting

All metals and

All metals, nonmetals, All metals and
Type of materiall Non — alloy stegl seldom some beside nonmetals,
nonmetals combustible ang beside extra hard
fragile
Thickness of the 200 - 300 mm; | gy 156 < 300 mm Till 250 mm
material till 2000 mm
As a main task;| As a main task;
Possibility of As a additional | As a additional | vent has got googvent has got good
- y task, vents have task, vents have quality and its | quality and its
drilling vents . . A . = )
small quality small quality | minimal diameter minimal diamete
=0,3mm =1,5mm
From2 -6 mm,, From3-8mmm,, From0,3-2 From 0.4 — 3
Width and shape depends on depends on | mm, depends on ’
o o - mm, depends on
of gap after material’s material’s material’'s -
. . ] . i . . material’s
cutting thickness; thickness; non thickness; :
thickness
parallel gap parallel gap parallel gap
Precision in b
cutting It depends on gap’s width and shape
Surface . .
smoothness Low Low Very high High
Surface oxidation High Durmg_oxygen Durlng_oxygen Do not exist
and air using using
Investments costs The smallest Small The largest Large
Law during
_ Small during ITawer then | cutting thin st_eel' Higer then in
Cost cutting . . during oxy — fuel much more hige .
cutting thick steel : . . laser cutting
cutting during cutting

thick steel

Tab. 1. Comparison between different types of cutting

3. Results Analysis

wide gap from 2 — 6 mm. “Fig.1".

In comparison with those four methods of cutting exy — fuel cutting is the most
economically profitable method. Steel can be cunetll 2000 mm by a special gas burner and
from 200 to 300 mm by normal gas burner in evenyditions. The biggest disadvantages of it is

Plasma cutting seems to be the most effective methe possible to cut almost every kind of

materials of width till 150 mm. Costs of this medhs not really high as in another. “Fig.2".

greater metal thickness that plasma can.

even more than during laser cutting “Fig. 4”.
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Laser cutting for metals has the advantages owesnm cutting of being more precise and
using less energy when cutting sheet metal, howewest industrial lasers cannot cut through the

In water cutting “Fig. 3”, minimizing the effect$ beat allows metal to be cut without harming
or changing intrinsic properties. Unfortunatelyttmg costs in this method are high, sometimes



Fig. 1. Oxy — fuel cutting

Fig. 3. Water cutting Fig. 4. Laser cutting

4. Conclusion

It is hardly difficult to find only one opinion wbih method of cutting is the most appropriate.
There is a big range of specific purposes in congsarmhe analysis of pros and cons can allows
avoid unnecessary cost in companies and factories.

Certainly, the most prospective method is lasetirgit The new technology gives opportunity
to use it with better results. It means that |asgting properties will improve. The newest lasamrs
designed not only for industry but also for everyavho has got such a need. Thanks to the many
advantages, laser cutting become an increasingiylapo method. The main advantages are: high
speed and very good quality of cutting material.riby laser cutting with oxygen as the gas
associated, even a small change on the cut lirghémical composition of cutting material has
influence on the optimum cutting speed.

Many enterpreneurs have already realised thatnguttvith using lasers can avoid many
unneeded costs and give them new chance.
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Abstract. The contribution describes influence of the arningafby different temperatures 20 - 400°C) on
Brinell hardness of the recycled AlZn10Si8Mg cdkiya Secondary AlZn10Si8Mg cast alloys are used fo
engine and vehicle constructions, hydraulic unét aouldmaking without heat treatment. Propertietuitie
good castability, very good mechanical strength elodgation, light weight, good wear resistance aey
good machining. Their mechanical properties arenglly dependent upon the morphologies, type and
distribution of the second phases, which are in aurfunction of alloy composition and cooling raféith
reference using this alloy for high-temperaturdings it is necessary to study their structure medhanical
properties in dependence on the temperature. Tperiexent was realized out using Brinell hardnesgete
and interpretation of structural change was studiedptical microscope and SEM.

Keywords: aluminium alloys, microstructure, intermetallicgsies, hardness

1. Introduction

Aluminium has been recognized as one of the bestidate materials for various applications
by different sectors such as automotive, conswuagtaerospace, etc. The increasing demand for
aluminium-based products and further globalizatoérthe aluminium industry have contributed
significantly to the higher consumption of alumimiscrap for re-production of aluminium alloys
[1]. It is to the aluminium industry’s advantagent@ximize the amount of recycled metal, for both
the energy-savings and the reduction of dependgnae overseas sources.

The remelting of recycled metal saves almost 95f%he energy needed to produce prime
aluminium from ore, and, thus, triggers associagetlictions in pollution and greenhouse emissions
from mining, ore refining, and melting. Increasihg use of recycled metal is also quite important
from an ecological standpoint, since producing atmm by recycling creates only about 5 % as
much CQ as by primary production [2, 3]. Recycled Al-Si-£asting alloys can often be used
directly in new cast products for mechanical engimg, in hydraulic castings, textile machinery
parts, cable car components, mould constructidsgparts without heat treatment [4].

One major hurdle in the direct use of recycled ahmm for new applications is the level of
impurities present in the recycled (secondary)yall@hich is considered to impair the overall
properties of Al-Zn-Si based casting alloys. By lementing adaptable alloying and process
technology, the mechanical properties will therefdre radically enhanced, leading to larger
application fields of complex cast aluminium coments such as safety details. The presence of
additional elements in the Al-Zn-Si alloys allowsamy complex intermetallic phases to form, such
as binary phases (e.g. b81 or MgZn), ternary phases (e.g.,&8uMg, AlFeMn and AlFeNi) and
quaternary phases (e.g. cubi®lis(FeMn)}Si; and AECw,MgsSis) [5, 6], all of which may have
some solubility for additional elements.

The present study is a part of larger researcleprojvhich was conducted to investigate and to
provide better understanding mechanical prope(gas after annealing at higher temperatures) of
the secondary (recycled) AlZn10Si8Mg cast alloy.
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2. Experimental procedure

As an experimental material was used secondargpdeased - recycled) AlZn10Si8Mg cast
alloy (UNIFONT® - 90) with very good casting propies, good wear resistance, low thermal
expansion and very good machining [4]. Alloy consarelatively high Si, and their impurity limits
tend to be relatively loose. Test bars (g 20 mrh Vehgth 300 mm) were produced by process sand
casting in foundry Zator, Ltd. Czech Republic. Thelt was not modified or refined. Chemical
composition of the alloy is given in Tab. 1.

Zn Si Cu Fe Mn Mg Ti Ni

9.6 8.64 0.005| 0.1148 0.1817 0452 0.0622 0.0022
Cr Hg Ca Cd Bi P Sh Al
0.0014| 0.0004 0.0002 0.0001 0.0003 0.0001 0.000%t re

Tab. 1. Chemical composition of AlZn10Si8Mg alloy.

AlZn10Si8Mg cast alloy is a self-hardening alloyatths particularly used when good strength
values are required without the need for heatrtreat. Self-hardening starts when the castings are
removed from the mould and the final mechanicalperiies are achieved after storage of
approximately 7 to 10 days at room temperaturg ¥R220 - 250 MPa, R®.2 = 190 - 230 MPa,
A=1-2%,HB=90-100 [4 - 6]).

Temperature- and time-dependent processes detenmmaluminium alloy castings behave at
high temperatures. Depending on their initial sted@nealing, dissolution and precipitation
processes, ageing or overageing all have a rofdalyp One single form of measurement cannot
record the various influences with any accuracyefBneasurements of mechanical properties (e.g.
hardness) at elevated temperatures do not incioedependent processes and therefore only have
limited use.

Experimental cast samples were heat treated byalinget different temperature (20, 50, 100,
150, 200, 250, 300, 350 and 400 °C) with holdimgeti20 minutes, cooling at room temperature.
After heat treatment were samples subjected fohar@cal test (impact test and Brinell hardness).
Cast samples for metallographic observation wectiseed from the test bars, standard prepared
and etched by 0.5 % HF [7, 8]. The various inteatliet phases were identified using scanning
electron microscope VEGA LMU Il linked to the engrdispersive X-ray spectroscopy (EDX
analyser Brucker Quantax). The hardness was mehssneg a Brinell hardness tester CV - 3000
LDB under a 250 kp load, a 5 mm diameter ball forsL(HBW 5/250/10). Three measurements
were taken per sample and the median hardnessetesnihed.

3. Reaults

Typical microstructures of the as-cast alloy arevah in “Fig. 1”. The microstructure of
recycled AlZn10Si8Mg cast alloy consists of a priynghase ¢-solid solution), a eutectic (mixture
of a-matrix and fine spherical Si-particles) and vasiguype’s intermetallic phases (Chinese script
- Mg.Si, oval round-like particles ACuMg, Fe-needles - AlFeMnSi, sharp-edged particles
AlFeMnSiNi and ternary eutectic Al-MgZ#Al,Cu) [5 - 6]. Thea-matrix precipitates from the
liquid as the primary phase in the form of dendrdé@d is nominally comprised of Al and Zn - Fig.
la.

Identified types of intermetallic phases are docot®e in Fig. 1b. Phase in the form of needles
with a thickness of a few tenths of a micrometrd ather dimensions of the order of & were
identified as AlFeMnSi-phase. It is these platepgliaphases that are considered most deleterious
to mechanical properties (particularly ductilitfhe-needles also reported to reduce the castability,
the corrosion resistance, and the machinabilityAbtasting alloys. Platelets act as potential
nucleation sites for porosity [7, 8] and sites fwack initiation that, consequently, results in
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decohesion failure. Besides the Fe-needles werenadx$ Fe-rich phases with Ni (AIFeMnSiNi or
AlFeNi) in the form sharp-edged coarse particles.

Addition of Mg to Al-Zn-Si alloys leads to formatiostrengthening Mg-rich intermetallic
compounds. Mg-phases can in Al-Zn-Si alloy solidifytwo different forms: MgSi and AACuMg.
The MgSi phase was identified by EDX analysis as indigidikeleton-like or script-like so called
“Chinese  script” morphology. Oval round-like paie was detected as
S-phase (AICuMg phase). Observed was the appearance of Znteuterespectively
Al-MgZn,-Cu phase too. The 20 minutes annealing at the @mtyres (20-400 °C) induced any
changes in the microstructures of experimentalallo

S

50 pm

a) a-matrix and a eutectic mixture afmatrix and b) intermetallic phases
fine spherical Si-particles

Fig. 1 Microstructure of AlZn10Si8Mg cast alloy, etch. @bHF

Hardness measurement was performed by a Brinalhkas tester (HB) with a 5 mm diameter
ball, load of 250 Kp, and a dwell time of 10 s. Brenell hardness value at each state was obtained
by an average of at least three measurements iplesamwhich were 20 minutes annealed at
different temperatures: 20 (ambient temperaturthettime of trial), 50, 100, 150, 200, 250, 300,
350 and 400 °C and followed by cooling at room terapure.

The diagram in Fig. 2 shows the results of the mesd measurements after annealing at the
temperatures. Aluminium alloys are annealed toesothem and increase ductility. It can by see
that the measured Brinell hardness decreases matiedasing annealing temperature. The lowest
hardness was measured at 200 ° C (64.9 HBW) antchéxémum hardness value, compared with
baseline (21 ° C - HBW 93), was measured at 5q91% HBW).

Some materials (metals with a cubic space-cenattitd) in changing the loading conditions
(especially temperature, stress state and loadted suddenly changing from ductile to brittle stat
However, aluminium and its alloys that have a fiteors with increasing annealing temperature was
increased toughness material responds well whaseaunaterial hardness, which has a decreasing
character.
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2. The effect of annealing on the hardness

Conclusion

Understanding of metal quality is of superior intpoce for control and prediction of casting

characteristics. With reference using recycled AZ®8i8Mg cast alloy for high-temperature
castings the experimental results are summarizéallaws:

Structural analysis of secondary alloy AlZn10Si8Mgntified as basic structural elemenis:
phase (solid solution of Zn in Al), Si particlestime form of rounded grains and intermetallic
phases (Fe-based phases in the form of needleseMW or sharp-edged coarse particles
AlFeNi; Mg.Si phase in the form of script-like so called “Gé#se script”, rounded grains
Al,CuMg and Zn eutectics Al-Mg4rCu). Chemical composition of these phases was
confirmed by EDX analysis.

The 20 minutes annealing at the temperatures (RO-4L) induced any changes in the
microstructures of experimental alloy.

Annealing heating at higher temperatures resultoggss that reduces hardness of the alloy
while increasing plasticity (ductility). The tempéure of the annealing process play the
meaningful role and also have got the biggest @mfte on the plastically properties on

AlZn10Si8Mg castings.
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Abstract. The subject of this work is to study the surfasatment effect on the resistance of AISI 316Ti
stainless steel to pitting corrosion. The testegtbpens had ground surfaces and blasted surfatlesnd
without chemical treatment. The corrosion testscareied out by electrochemical impedance speabymsc
According to the results the surface treatment d&asgnificant influence on the resistance of theete
material to pitting.

Keywords: AISI 316Ti stainless steel, ground surface, bthstmrface, electrochemical impedance
spectroscopy, redox potential

1. Introduction

The aim of this work is to study the effect of s treatment of AISI 316Ti stainless steel on
pitting corrosion resistance in solutions with eiffnt value of redox potential. Statistical data
classify pitting corrosion in terms of frequencyusad emergencies in different industries to the
third place in the overall corrosion and corrosawacking. The attack of pitting corrosion affects
only a small fraction of the surface but it pentetsainto the depth of the material and significantl
reduces the effective cross-section componentbamges properties of equipment. In practice this
kind of corrosion often causes collapses and lageomic and environmental damages [1]. In
practice, blasting by metallic and non-metallictigées, grinding or cutting operations are used for
surface treatment of stainless steel. It is necggesarealize all mechanical treatments to avoid
unacceptable oxidation, excessive roughness ofacyrfcontamination, especially by metallic
materials with different potential. In many casiéss acceptable to combine mechanical treatment
with chemical treatment (grinding, blasting, pickj) [2]. The experimental solutions were 5%
NaCl and 4.6% Fe@l Testing solution contain the same amount of atiésr per diff (3.032 CI
mol. dm®). In this aspect, these solutions have the sameemntration of the aggressive ions, but
the redox potentials of the solutions is different.

2. Experimental material

The AISI 316Ti austenitic Cr-Ni-Mo stainless steel skiabd by Ti was used as an
experimental material (STN 41 7348). The chemioahgosition is shown in Table 1.

Due to molybdenum additives, AISI 316Ti stainleseek has good plasticity and high
resistance against acids and deep local corroki@a non-ferromagnetic steel, with higher yield
stress and strength. After welding of thin plagathtreatment is not necessary, because the steel i
stabilized by Ti. All methods of arc-welding arespible to be used for this steel except gas-
welding [3].
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Cr | Ni | Mo | Mn N |Fe

16.5/10.6/2.12| 1.69 | 0.017

Content elemer
[wt %] Ti C | S P S

- »w m 3D

0.41|0.04|0.43| 0.026| 0.002

Tab.1l. Chemical composition of AISI 316Ti stainless steel.

2.1 Metallography of experimental material

The specimens obtained from the middle of the platen@varse and longitudinal section) are
used for microstructural analysis of the experimkniaterial (Fig. 1.). Preparation of
metallographic specimens includes sample preparagirinding, polishing and etching [3].

a) transverse section " b) longitudinal section
Fig. 1. AISI 316Ti stainless steel microstructure, etdhndl HNO; + 30 ml HCI + 30 ml glycerine

The microstructure of the steel is created by @i grains of austenite with deformation and
annealing twins formed during rolling and annealifpe significant lining is caused by rolling.
Sharp coarse particles of a cuboid shape can benaukin the microstructure too. AISI 316Ti
stainless steel is stabilized by Ti (0.41 %) arsdb @ome content of Mo (2.12 %) tends to enter into
carbides of Ti. There are the carbides of the (ffpeMo)C [4].

2.2 Surface treatment of specimens

The experimentally tested surfaces were mechapiealtl chemically modified. First set of
specimens was mechanical treatment consisted rdigg by SiC paper with granularity of 320 in
transverse section and by SiC paper with granylafit500 in longitudal section (Fig. 2). The
second set of specimens was blasted with nonmetadiqness particles - Almandine (almandine is
sharpness natural garnet). The chemical treatnosists of pickling in both of sets.

Pickling parameters: composition of solution - 2200f 65% HNQ + 22 ml of 40% HF + 758 ml
of distilled HO, time of 30 min, temperature of 21 + 1 °C.

Blasting parameters: pressure - 0.4 MPa, jet distdrom surface - 220 mm, mean grain size of
almandine - 0.15 mm,

The sets of specimen were divided into four groups:

G - ground specimen, GP - ground and pickling speni, BA - almandine blasted, BAP -
almandine blasted and pickling specimen.

70



Longitudinal drift of grinding

»
»

D4

80 15

- > < >

Fig. 2. Specimen shape for experiment

3. Electrochemical impedance spectroscopy

The electrochemical tests are performed by usiegetactrochemical impedance spectroscopy
(EIS) in solutions of 5% NaCl (redox potential byND38404 is 247 m\, pH - 7.27) and 4.6%
FeCk (redox potential by DIN 38404 is 526 mVfpH - 1.20) at laboratory temperatures (21 £ 1 °C)
This method allows establishing the value of pakion resistance of less conductive corrosion
systems, for example when a passive layer with gatbebsion is created on the metal surface. The
electrochemical experiments were performed in aventional three-electrode cell system with
a calomel reference electrode (SCE) and a platirauxiliary electrode (Pt) using Voltalab
corrosion measuring system with PGZ 100 measurimty The scheme of circuit connection and
measuring principle are described in detail ingdbfl measurement conditions are in [6].

Results of the electrochemical impedance spectpysae Nyquist diagrams in the coordinates
of the imaginary and real components of impedarkggs( 3, 4). The resistance of electrical
components and phase shift versus voltage paskergating electric current of the frequency we
call impedance. Nyquist diagrams analysis charaeterthe material resistance to influence of
surrounding environment. Diameter of determined isieate represents the value of material
resistance.

120 ~

4.6% FeCl,
160 -
100 - oG 9
. op 5% NacCl
O BA 140 - L]
e BAP .
80 1 120{ | & & LB
S . .
§ 6o o 107 * 201 .
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* W 5 ; -
20 1 °
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: : : : : ! 3 A0 15 20 25
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z. [Q.cm?] Z, [kQ.cm?]

Fig. 3. Nyquist diagram of AISI 316 Tiin 4.6% FeCl  Fig. 4. Nyquist diagram of AISI 316 Ti in 5% NacCl
solution solution

The polarization resistance JRis an electrochemical property characterizing thaterial
resistance to polarization in the experimental mmment. The higher value of polarization
resistance Rrepresents better corrosion resistance of therrabite corrosion environment.
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Conclusion

= The mechanical treated specimens are more corrossistant (higher value of polarization
resistance B in solution with ahigher redox potentia{4.6% Fe(J). Ground specimens -
86.48Q.cm“ and blasted specimens - 54@m?.

= In the opposite the chemical treated specimen ame mesistant in solution with lawer
redox potential(5% NaCl). Ground + pickled specimens - 520.¢m? and blasted +
pickled - 130 K2.cm’.

= Values of polarization resistance of the specimtestd in the chosen solutions are different
actually in the order (Fig. 5 and 6). It means that different surface treatment reacts very
sensitive on the solution properties (differencethe redox potential value).

= According to our results the surface treatment & material with the same chemical
composition significantly affects corrosion resista.

= The resistance to pitting corrosion of AISI 316Taisless steel with diverse surface
treatment in solutions with different redox potahis various, although in both solutions
was the same concentration of chloride ions. Thid tonfirms that the mechanism of
corrosion process of the same material with varioested surface is different in the same
chemical composition environment too.

= The choice of the surface treatment follows theattar of environment in which the article
should be applied.
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Abstract. The experimental analysis of the influence tammafoil placed between two steel plates on the
weld penetration shape formed during welding ldgestainless steel X5CrNil1810 is presented. The @i

the research was to determine the influence fdib dhe process and to elaborate analytical moddies.
experiment was carried out on TRUMPF TLF 6000 Tudeer at Centre of Laser Technology of Metals
(joint Kielce University of Technology and Polisltademy of Sciences unit) in Kielce (Poland). Theyeav
done two experiments, on variable of the rate séldeam feed. In the first experiment specimenmels

with tantalum foil of 0.7 [mm] thickness, while the second experiment without her. It has beenddbat
tantalum foil has a significant influence on theursg of the process, weld penetration shape changes
slightly.

Keywords: Laser welding; stainless steel; tantalum foil, dye¢énetration

1. Introduction

There is a lot of information about laser weldingl aenerally about laser material processing
in scientific literature. Much information may beuhd in works and publications such authors as:
Steen, Beyer, M§liwiec, Szymaski or Hoffman. Beyer was first who in his pape8chwepen mit
Laser” described the method of determination ofhikdy shape by means of so called trace
experiment [1]. This method consists in analysimefted areas of trace material, placed in the base
material. In these experiments thin tantalum fagswplaced between two steel plates which was
welded then [2]. Because the melting point of tama(3269 K) is close to temperature of boiling
of stainless steel (3133 K) [2] we can accept, thattantalum foil undergoes melting only in the
area where the steel meets the temperature ohgoili

The aim of this work was examining whether tantaltoil between two steel plates has
influence on weld penetration shape formed durasgi welding.

2. Description of the Experiment

The experiments were carried out by laser TRUMPI B0D00 Turbo at Centre of Laser
Technology of Metals (joint Kielce University of dlenology and Polish Academy of Sciences
unit) in Kielce (Poland). In this type of laserethctive medium is carbon dioxide (§OThe laser
can work in a continuous mode or in a pulse madembximal power is 6 kW and the wavelength
10,6 um. The material used in the experimental researalassstainless steel X5CrNil1810. It is
commonly used stainless steel containing 18 % afraflum and 9 % of nickel [3].

In the first experiment tantalum foil was placedwsen two steel plates and welded. Steel
plates were prepared from flat steel sheet, 10 mck tFig. 1.”. That plates were milled on wedge
shape, and then tantalum foil about 0.7 mm thick placed obliquely “Fig. 2.”.
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Fig. 1. Steel plates on wedge shape. Fig. 2. Tantalum foil placed between two steel plates.

After specimen’s arrangement, five melted of déferrate of laser beam feed was done.
They were: 1500, 1200, 1000, 900, 700 mm/min. Agergower carried out 6250 [W]. The
working gas was helium and his expense carriedl@utmin. Focal position was on surface of the
metal plate. After this specimen was cut in the walgich gave the greatest quantity of
measurements.

After cutting received 11 specimens on which meaments could be done and obtained
information about weld penetration shape sectiordifierent depths. Then the specimens were
subjected to milled and etched in 50% saline acid.

E—

Fig. 4. The example of measured specimen.

In the second experiment were done series weldtiaiom on flat steel sheet 10 [mm] thick
without using tantalum foil. Parameters have nanged. Average laser power carried out 6250
[W], the working gas was helium (expense 10 |/mfogal position was on surface of the metal
plate and the rate of laser beam feed 1500,1200,200 as well as 700 mm/min.

Specimen submits the following processings. Shemilled on wedge shape, polished and
etched in saline acid in order to obtain visibldtrakape.

Fig. 5. Specimen with visible weld penetration shapes.

2. ResultsAnalysis

The next step was carrying out measurements unat&abmicroscope, realization of graphs,
as well as the comparison in results. Measurendidt$or specimen, in which tantalum foil was
placed on depth 2.8 mm. It below presents graphikeofveld penetration for the next rate of laser
beam feed “Tab. 1.”.
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Tab. 1. Graphs and photos present the weld penetratiapeswhich was obtain during two experiments (@nléft
with tantalum foil, on the right without it).
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3. Conclusion

How to be visible on place above graphs and phaidth weld penetration does not submit
larger changes. They have hesitated from hundreatthousandth millimeter. If however it
concerns about weld penetration depth to be visthet to specimen without tantalum foil follow
penetrate laser beam throughout, however to specimih tantalum can observe, that together
with growth rate of laser beam feed the weld pextiein depth grows up. This is the most probably
bring about with this, that tantalum foil tempoharblocks laser beam welding causing, that the
laser power was accumulated in grounds of placiétdfore her melting will follow.

To sum up, putting tantalum foil between two stekltes in order to research the shape
keyhole, do not have real influence on changesdhl wenetration shapes. The differences noticed
in the measurements are so small that are stitlarimits of error.

This paper was treated with support of Europearokinproject name: Program rozwoju
potencjatu dydaktycznego Politechntkvictokrzyskiej: Ksztalcenie w Nowoczesnych Obszarach
Techniki, Project agreement: UDA-POKL.04.01.01-@589-00.
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Abstract. In cold spray coating, bonding happens when thecityl of the particles exceeds a certain so
called ‘critical velocity'(CV). The challenginggiem of detecting the CV using the discrete outpfut
numerical simulation has been solved applying Founiansformation and the second derivative of the
physical parameters in Sobolev space. The residt€@mpared with the other numerical models and the
experimental results available in the literature.

Keywords: Cold spray coating, critical velocity, FEM, Fourteansform

1. Introduction

Cold spraying is an emerging coating process irckvim contrast to the well-known thermal
spray processes such as flame, arc, and plasmgirgprahe powders does not melt before
impacting the substrate [1]. Bonding of particlesold gas spraying is presumed to be the result of
extensive plastic deformation and related phenona¢nle interface [2]. It is well recognized that
particle velocity prior to impact is a key paramete cold spray process [3]. It determines what
phenomenon occurs upon the impact of spray pastigkbether it would be the deposition of the
particle or the erosion of the substrate. In thigard for a given material; the critical velociG\)
is the velocity at which the transition from erosif the substrate to deposition of the partickesa
place. Experimental investigations also reveal shaicessful bonding is achieved only above this
certain amount of particle velocity, the value dfieh is associated with temperature and thermo-
mechanical properties of the sprayed material [4ABiabatic shear instability and the resultant
plastic flow localization are the phenomena tha believed to play the major role in the
particle/substrate bonding during cold spray pre¢és6]. Commonly the shear instability appears
as a singularity in the parameters such as equivalastic strain while defined as a function of
time. Finding the minimum velocity at which the ahénstability occurs using these discrete data is
much tricky and challenging due to the discontyat the results. In the present study the shear
instability is acknowledged using a far more preaisdterion based on a very sensitive method for
shear instability detection.

2. Numerical Approach

A 3D full model of particle impact on substrate heesen simulated using ABAQUS/EXxplicit
with Lagrangian formulation. Different partitions@wvn in Fig. 1 are created to obtain an optimized
mesh distribution in order to reduce the numberleiments in non-impact zones. One of the
demanding aspects of high velocity impact simutetias the wave speed spread through the
elements and the fluctuations of this wave whichas in the model preventing the possibility of
having stable results. The half infinite bottom-alpments have been used in the boundaries of the
model in order to damp the wave fluctuations. Ddfe analyses have been performed by varying
the velocity of the particles in the range of 2@DA m/s. The particle temperature is set to 150
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and the temperature of the substrate is the amlbénperature both chosen according to the
experimental setup in [10].

Monitoring
1/ elements

Infinite
elements

tzone(Fine mesh)

Fig. 1: 3D model of FEM analysis in Abaqus

3. Critical Velocity Detection Procedure

The algorithm developed for finding CV requires fpening a series of numerical tests in
Abaqus and evaluating the second derivative okbfit physical parameters which are practically
affected by shear instability in the Johnson-Coaltanial model. In this regard, Python [7] is used
to develop a subroutine to be implemented in Abatprs performing the numerical tests
automatically. The developed algorithm is descriagdollowing:

1. Based on the experimental results, no material ¢hognoccurs in cold spray coating with
velocities less than 200 m/s and almost all theetematerials bound with a velocity lower
than 1000 m/s. Thus, the first step has been spetiorm 8 sets of analysis with different
velocities in the practical range of 200-1000 niisprder to obtain an approximation of the
CV for the considered material types.

2. Then for each parameter, the maximum jump in seclanative in the Sobolev space based
on Fourier transform has been located. Having pexd this step, the CV for the considered
shot and substrate material type is achieved inrahge of 100 (due to the step of velocity
change set to 100 m/s). In order to reach a baitlgment of the material behavior, the
evaluation is performed for different parametershsas equivalent plastic strain (PEEQ),
equivalent Von-Mises stress, temperature of theigkarand equivalent plastic strain rate.
These properties all appear in the Johnson-Cooknfgrial model.

3. In the view of the results obtained in previouspstanother series of analysis are performed

using a smaller pace in order to obtain a narrovamige of the CV approximation. For

example, if in the second step the CV is foundadétween 500m/s and 600 m/s, in this level,
the analysis are performed changing the particlecitees from 500m/s to 600m/s with the
pace of 10m/s.

The 3rd step is repeated over to obtain an aceeratugh evaluation of the CV.

After having detected the CV, the whole processukhbe reproduced with three different

sizes of the mesh in order to assess the line@tiar trend and then apply the zero element

size extrapolating method and eventually obtaimtiesh size independent CV.

Fig. 2 shows the flowchart of the CV detection ailfppn based on the second derivative of the

physical parameters. It is worthy to note that doemany numerical limitations such as the

minimum number of increments in Abaqus and analtsie and also the numerical sensitivity of
the chosen procedure, it is hardly practical tawban absolute value for the CV. Thus the results
will be stated in a delicate range of CV.

ok
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Fig. 2: Flowchart of CV calculation algorithm

4. Resultsand Discussion

Compression ratio is defined as a parameter retatéte particle geometry to keep track of the
particle deformation during the impact processs ttalculated based on Eq. 1:

D-h
R, = £'x 100 (1)

In which Rp is the compression ratibp is the smallest diameter after deformation ands Bhe
original particle diameter. Fig. 3 shows the comspren ratio of the modeled particle in different
velocities for two Cu-Cu. The element sizes ard lkegpial to 0.4 mm in all presented graphs. In Fig
7 which represents the deformation evolution of gheticle for Cu-Cu with different velocities at

0.5ns time intervals of the process. Fig 4 reprisstre effect of velocity on the deformation of
particle after impact on substrate

=}
7

Compression ratio (Rc%)
SN w
il

=]
<1
So

600

Particle velocity (m/s) Time (ns)

Fig. 3: Rc as a function of time and particle velocityeafimpact for different materials

As discussed in previous sections and also confirbyethe literature [4, 9], the results of the
finite element model does not converge by decrgatsia element size. Thus in order to find the
final value independent from element size, the 6Zelement” method has been used.

(a) 1000 m/s at 0.5ns (b) 800 m/s at 0.5ns 6@0)m/s at 0.5ns (d) 400 m/s at 0.5ns

(e)r@B0at 0.5ns
Fig. 4: Deformation of the particle after 0.5 and 1 nesidering different particle velocities
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5. Comparison with Experimental and Numerical Smulations

The obtained numerical results are compared wighettperimental data available in the literature
and also with other references which have used noahefinite element approach for CV
calculation. In the present study, the CV has lxedculated considering the same process condition
used in the experimental study of Raletz et al].[1® order to validate the comparison of the
obtained results with the experimental results aeR et al. [10]; in this work, the Kinetic 3000M
system from CGT Gmbh has been used in order toogerthe cold spray process for three
different materials for the particle and substratable 1 shows the final calculated results for
Copper on Copper. This table shows also the resbitsined from other numerical approaches
developed in other references. The final obtairesiilts by the proposed method in this article
show a very good correspondence with the experahessults in [10].

Experimental Numerical results in literature
Powder Substrate Calculated Raletz[10]  Gruijicic[6] Wen-Ya Li[9] SL[6]
CV (m/s) CV (m/s) CV (m/s) CV (m/s)
Cu Cu 400-450 422+45 575-585 298-356 571

Tab 1: Final calculated results for CV

6. Conclusion

A 3D finite element model is developed in ordercadculate the CV in the cold spray coating
process. Abaqus 6.9-1 Explicit has been used ierora perform the numerical analysis, and
Python 2.4-1 is used for elaborating Abaqus disceeitputs and performing a series of numerical
tests. Regarding the mesh convergence, "Zero EEmethod has been used to find the element
size independent results. The obtained results thensoftware are converted to Fourier parameters
in order to calculate the second derivative ofghgsical parameters in Sobolev space. A difference
of 12 to 20% is observed between previous numesitallations and Raletz experimental work
[10], whereas the presented results in this artatlen the experimental measures range and show a
good correspondence with them.
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Abstract. This article discusses the influence of shieldjages on penetration in welded joints. The primary
gases used for electric welding and cutting arerardielium, hydrogen, nitrogen, oxygen and carbon
dioxide. The composition of the gas can and shbalthilored to meet the process, material, andcgtjan
requirements. Shielding gases are used in eitpereform or in blends of varying components. Tferes

the selection of a gas or gas mixture can beconte gqumplex due to the many combinations available.
Argon, helium, and their mixtures are used for rormfus metals as well as stainless and alloy stiels
addition to its shielding function, each gas or gend has unique physical properties that can havajor
effect on welding speed, penetration, mechanicapgrties, weld appearance and shape, fume generatio
weld color, and arc stability.

Keywords: welding, shielding gas, GMAW

1. Introduction

The gas metal arc welding (GMAW) process has besnirmthting the welding construction
world for several years now. This fact is relatedts high flexibility, which allows the welding @t
great variety of materials and thickness, and $ocibnsiderable potential for automation and
robotization. During any welding process, oxygeml ather atmospheric gas can react with the
molten metal, causing defects that weaken the weid. primary function of a shielding gas is to
protect the molten weld metal from atmospheric aomhation [1, 3].

2. Shieding Gases

2.1. Argon

Argon is an inert gas which is used both singulamy in combination with other gases to
achieve desired arc characteristics for the weldihgoth ferrous and non-ferrous metals. Almost
all welding processes can use argon or mixturem@dn to achieve good weldability, mechanical
properties, arc characteristics and productivitygdh is used singularly on non-ferrous materials
such as aluminum, nickel based alloys, copper sllagd reactive metals which include zirconium,
titanium, and tantalum. Argon provides excellermagparc welding stability, penetration and bead
shape on these materials. Some short circuitingvatding of thin materials is also practiced [4].
When using ferrous mat erials, argon is usuallyedixvith other gases such as oxygen, helium,
hydrogen, carbon dioxide and/or nitrogen. The lomization potential of argon creates an excellent
current path and superior arc stability. Argon p@Es a constricted arc column at a high current
density which causes the arc energy to be condedtim a small area. The result is a deep
penetration profile having a distinct "finger likshape [4].

2.2. Carbon Dioxide

Pure carbon dioxide is not an inert gas, becauséé¢at of the arc breaks down the CO2 into
carbon monoxide and free oxygen. This oxygen vaithbine with elements transferring across the
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arc to form oxides which are released from the vpeiddle in the form of slag and scale. Although
COz2 is an active gas and produces an oxidizinggff®und welds can be consistently and easily
achieved which are free of porosity and defectsb@adioxide is widely used for the welding of
steel. Its popularity is due to the common avaligband quality weld performance as well as its
low cost and simple installation. It should be nmd that low cost per unit of gas does not
automatically translate to lower cost per foot céldvand is greatly dependent on the welding
application. Factors such as lower deposition ieificy for CQ caused by spatter loss, influence
the final weld cost [4].

Carbon dioxide will not spray transfer; therefotiee arc performance is restricted to short
circuiting and globular transfer. The advantag€6 is fast welding speeds and deep penetration.
The major drawbacks of CO, are a harsh globularste and high weld spatter levels. The weld
surface resulting from pure GQhielding is usually heavily oxidized. A weldingirev having
higher amounts of deoxidizing elements is sometineexied to compensate for the reactive nature
of the gas. Overall, good mechanical propertieskmmchieved with C© Argon is often mixed
with CO, to off-set pure C@ performance characteristics. If impact properties/e to be
maximized, a C@+ argon mixture is recommended [4].

2.3. Argon - Carbon Dioxide Mixtures

The argon-carbon dioxide mixtures are mainly used¢arbon and low alloy steels and limited
application on stainless steels. The argon additimn CQ decrease the spatter levels usually
experienced with pure GOmixtures. Small C@ additions to argon produce the same spray arc
characteristics as small additions. The differehes mostly in the higher spray arc transition
currents of argon - COmixtures. In GMAW welding with C@additions, a slightly higher current
level must be reached in order to establish anahtaiai stable spray transfer of metal across the arc
Oxygen additions reduce the spray transfer tramsiturrent. Above approximately 20% g€pray
transfer becomes unstable and random short cingugind globular transfer occurs.

This mixture range has been used for various nagaw out-of-position sheet metal and high
speed GMAW applications. Most applications are arbon and low alloy steels. By mixing the
CO, within this range, maximum productivity on thinugge materials can be achieved. This is done
by minimizing burn through potential while at thearge time maximizing deposition rates and travel
speeds. The lower G@ercentages also improve deposition efficienciolaering spatter loss [4].

3. Influence of Shielding Gases on Weld Process

The arc energy is less uniformly dispersed in aradrthan in a He arc because of the lower
thermal conductivity of Ar. Consequently, the Ac glasma has a very high energy core and an
outer mantle of lesser thermal energy. This helpslyce a stable, axial transfer of metal droplets
through an Ar arc plasma. The resultant weld trarss/ cross section is often characterized by a
papillary- (nipple-) type penetration pattern. Wyhre He shielding, on the other hand, a broad,
parabolic-type penetration is often observed [2].

With ferrous metals, however, He shielding may picspatter and Ar shielding may cause
undercutting at the fusion lines. Adding. @about 3%) or C@ (about 9%) to Ar reduces the
problems. Carbon and low-alloy steels are oftendeelwith CO2 as the shielding gas, the
advantages being higher welding speed, greatertpéioe, and lower cost. Since @Ghielding
produces a high level of spatter, a relatively hwitage is used to maintain a short buried arc to
minimize spatter; that is, the electrode tip isually below the workpiece surface. Selections of a
shielding gas or blend must be based on a knowletitfee gases available, their applications, and
the overall effect they have on the welding prog2ss
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4. Influence Shielding Gases on Welding Steel

For the experiment we used as a base materialgttel S355J2G3 with a thickness of 15 mm.
Macrostructure of welded joints are shown in Figkiy. 2 and Fig. 3. Average welding parameters
and types of shielding gases are listed in TalRithensions of the welds are listed in Tab. 2. For
made weld joints, we used short-circuit mode arldegpmode.

For the experiment we used three types of shielgasgs:

= Carbon dioxide,

= Argon — Carbon dioxide mixture,

= Argon.

» fy - B o FHEaST i
Fig. 1. Macrostructure of weld using gas 18% G(82% Argon; left Pulsed transfer, right Dip traarsf

1 mm
—

Fig. 2. Macrostructure of weld using gas 99,996% Ardeft;Pulsed transfer, right Dip transfer.

1 mm
f——i

Dz ;
Fig. 3. Macrostructure of weld using gas ¢ @ft Pulsed transfer, right Dip transfer.
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Welding parameters
Pulsed transfer Dip transfer
Sh'g;i'”g | [A] UV v [m/min] | [A] UV v [m/min]
CO, 152 22,7 0,8 184 23,2 0,8
18%
CO,+82% 161 24,1 0,8 196 22,8 0,8
Argon
99,996% 161 24,2 0,8 189 22,8 0.8
Argon
Tab. 1. Welding parameters using different types of shing gases.
Dimensions of welds [mm]
Dimension Fig.1. left Fig.1. right Fig.2. left FRy.right Fig.3. left Fig.3. right
Height of 2,86 2.72 2.55 2.69 2.95 3.05
weld
Width of 9,61 9.86 9.04 9.18 8.51 8.89
weld
depth of 2,43 2.25 1.79 1.69 1.87 2.41
penetration

Tab. 2. Weld dimensions as shown in Fig.1, Fig.2, Fig.3.

5. Conclusion

We can observed that shielding gas significantigcted the penetration of the weld. Tab. 2
shows the dimensions of weld joints made out dutfegexperiment. When using different types of
shielding gases for weld the dimensions vary sicauittly. For the experiment we used three types
of gases. The most appropriate dimensions of tHd was achieve by using shielding gas 18%
carbon dioxide + 82% argon.
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Abstract. The influence of the age-hardening on mechanioaperties (strength tensile, impact test and
Brinell hardness) was studied. Age-hardening ctedisf solution treatment by 515°C with holding ¢irh
hours, water quenching at 40°C and artificial adiygdifferent temperature 130°C, 150°C, 170°C, ©0°
and 210°C with different holding time 2, 4, 8, 181882 hours. Mechanical properties were measuréddn
with STN EN ISO. Age-hardening leads to changesmiorostructure include the spheroidization and
coarsening of eutectic silicon, gradual disinteégrgtshortening and thinning of Fe-rich intermeétatihases,
the dissolution of precipitates and the precipiatof finer hardening phase g8lu) further increase in the
hardness and tensile strength in the alloy. Redy¢econdary) AISI9Cu3 cast alloy uses especially i
automotive and aerospace industry.

Keywords: recycled aluminium alloys, age-hardening, meclampooperties

1. Introduction

The alloys of the Al-Si-Cu system have become imsirggly important in recent years, mainly
in the automotive industry that uses recycled (sdaoy) aluminium in the form of various motor
mounts, engine parts, cylinder heads, pistons armhg1, 2].

The recycled Al-Si-Cu alloys are extensively usedd@duce materials cost compared to the
pure alloys. The increase in recycled metal becgnawailable is a positive trend, as secondary
aluminium produced from recycled metal requiresy@iout 2.8 kWh/kg of metal produced while
primary aluminium production requires about 45 kWgh/produced. It is to the aluminium
industry’s advantage to maximize the amount of cksxymetal, for both the energy-savings and the
reduction of dependence upon overseas sourceseftedting of recycled metal saves almost 95 %
of the energy needed to produce prime aluminiummfrore, and, thus, triggers associated
reductions in pollution and greenhouse emissiam® fmining, ore refining, and melting. Increasing
the use of recycled metal is also quite importaainf an ecological standpoint, since producing
aluminium by recycling creates only about 5 % asm@Q as by primary production [3, 4, 5].

The present study is a part of larger researcleprojvhich was conducted to investigate and to
provide a better understanding of mechanical ptagseand microstructure (Si morphology, Fe-
and Cu-rich phases) in secondary (recycled) AlISECdetails of which have already been
published [6, 7]. Work is focused on study of tiffea of age-hardening on changes of mechanical
properties.

2. Experimental work
Mechanical properties of Al-Si alloys are largeBpéndent upon an appropriate heat treatment

technology, prior to use T6 condition. T6 invohadution and aging heat treatment, during which
a series of changes in microstructure occur, wttien leads to the improvement of strength. These
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changes in microstructure include the dissolutibrprecipitates, the homogenization of the cast
structure, such as the minimization of alloying neémt segregation, the spheroidization and
coarsening of eutectic silicon and the precipitataf finer ALCu or MgSi hardening phase.
Although the morphology, the amount and the diatidn of the precipitates during aging process
significantly influence the mechanical properti€som this point of view, the age-hardening is
critical in determining the final microstructurecamechanical properties of the alloys. Thus, it is
very important to investigate the effects of agedbaing on the alloys [8].

Heat treatment is used to obtain the optimal coatimn of strength and ductility in casting. It
involves: a) solutionizing to thermally prepare thaterial; b) quenching to retain the maximum
concentration of age-hardening constituent,CAl) in solid solution and ¢) a combination of
artificial and over-ageing to obtain the desiredchamical properties in the casting. Solution
treatment performs tree roles: homogenization ofcas$ structure; dissolution of certain
intermetallic phases such as,8U; changes the morphology of eutectic Si phasiagymentation,
spheroidization and coarsening, thereby improvingcmanical properties, particularly ductility.
Most of the recommended heat treatment of alloyd ttontain cooper restricts the solution
temperature below the final solidification pointarder to avoid the melting of copper-rich phases
[9].

Age-hardening heat treatment is most commonly lre@tment process used to obtain the
optimal combination of strength and ductility in-8i-Cu casting. The precipitation sequence for
AISi9Cu3 alloy is based upon the formation 0@l based precipitates. The sequence is described
asass— GP zones— 6° — 0 (Al,Cu). The sequence begins upon aging when the sipeated
solid solution ¢s9 gives way first to small coherent precipitateBechGP zones. These particles
are invisible in the optical microscope but macopscally, this change is observed as an increase
in the hardness and tensile strength of the ak®ythe process proceeds, the GP zones start to
dissolve, and” begins to form, which results in a further insean the hardness and tensile
strength in the alloy. Continued aging causesbthghase to coarsen and théAl,Cu) precipitate
to appear. Thé phase is completely incoherent with the matrixg haelatively large size, and has
a coarse distribution within the aluminium matiMacroscopically, this change is observed as an
increase in the ductility and a decrease in thdress and tensile strength of the alloy [10].

2.1. Experimental material

As an experimental material was used secondarydutpotic AISi9Cu3 alloy, that contains
10.7 % Si, 2.4 % Cu, 0.9 % Fe, 0.27 % Mg and soTde melt was not modified or refined.
AISi9Cu3 cast alloy has lower corrosion resistaaice is suitable for high temperature applications
(dynamic exposed casts, where are not so big mmeints on mechanical properties) - it means to
max. 250 °C. The AISI9Cu3 alloy has these techrickdgroperties: tensile strength (R 240 -
310 MPa), offset 0.2 % yield stress,0R2 = 140 - 240 MPa), however the low ductility lisn(As =
0,5 - 3 %) and hardness HB 80 - 120.

Structure hypoeutectic AlSI9Cu3 cast alloy consisfs dendrites a-phase, eutectic and
intermetallic Fe- and Cu-rich phases [7, 11, 12{pétimental cast samples were heat treated by
age-hardening. Age hardening consist of solutieattnent by 515°C with holding time 4 hours,
water quenching at 40°C and artificial aging byetént temperature 130°C, 150°C, 170°C, 190°C
and 210 °C with different holding time 2, 4, 8, 4%d 32 hours. After age-hardening were samples
subjected for mechanical test (strength tensilpairhtest and Brinell hardness).

2.2. Experiment

Hardness measurement was performed by a Brinalhkas tester with a load of 62.5 Kp, 2.5
mm diameter ball and a dwell time of 15s. The Blihardness value at each state was obtained by
an average of at least six measurements. Fig.Wsstiee variation in hardness with aging time 2, 4,
8, 16 and 32 hours at different temperatures. ritloa seen that there is an obvious age-hardening
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phenomenon for each curve. At the early stage ofgafpr temperature 130 and 150 °C the
hardness increases with aging time until reacheditst peak (after 4 h). At intermediate stage of
aging, after a little decrease the hardness ineseagain and reaches the potential second peak for
temperature 130 and 150 °C after 32 h. The firmdesof aging, when the hardness decreases as a
result of over-aging, was not observed.

——130°C —&—1507C 17C°C ——_90°C 210°C
150

140 —

E‘ 130 /

g 1 j\//?\\ Fig. 1. Influence of
2 e A ‘ B—— age-hardening on Brinell
g8 A N hardness

90

o a & 12 16 20 24 25

halding time [h]

For samples aged at temperature 170 °C a singhg ggiak after 8 hours and next a hardness
high plateau from 8 to 32 hours was measured. afhg stage of aging for temperature 190 °C by
4 hours and 210 °C by 2 hours was measured. Tlmdeging peak for temperature 190 °C by 16
hours was observed. For temperature 210 °C thédiage of aging, when the hardness decreases
as a result of over-aging, was not observed. Thehagdening peaks are correlated to their
precipitation sequence. The first hardness pealgefhardening curve is attained depending on the
high density GP zones (especially GP Il zones),lentlie second one is acquired in terms of
metastable particles. The aging plateau is corredipg to the continuous transition from GP zones
to metastable phases. Highest Brinell hardness8sHBS for 515 °C / 4 hours and artificial
aging 170 °C / from 8 to 32 hours.

In order to investigate the double-peak phenomafidine AlISI9Cu3 alloy, tensile properties of
the alloy aged at 130, 150, 170, 190 and 210°Glifterent times have been measured. The results
are shown in Fig. 2. It can be found that the dewging peaks were for temperature 130, 150 and
170 °C measured, but for temperature 190 and 21W&€ only one aging peak measured. For
temperature 130, 150 and 170 °C we observed thiea@ing peak after holding time 4 hours. The
second aging peak we observed after holding timbdl8s. For temperature 190 °C we observed
the first aging peak after 16 hours and for temijpeea210 °C after 8 hours. Highest strength tensile
was 211 MPa for 515 °C / 4 hours and artificialhagl70 °C / from 16 hours.
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— Fig. 2. Influence of
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Fig. 3 shows the change of impact strength durigg ahardening. It can be found that the
highest impact strength was by temperature 130nttlze minimum by temperature 170 °C.

The mechanical properties of cast component arerméied largely by the shape and
distribution of Si particles i-matrix. Optimum tensile, impact and fatigue praiesrare obtained
with small, spherical and evenly distributed paesc Silicon also imparts heat treating abilitythe
casting through the formation of compounds with g,and Cu.
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3. Conclusion

The mechanical properties (Brinell hardness, terstilength and impact strength) increase after
age-hardening for all artificial temperatures. e hardness age-hardening curve single aging peak
(at 4 h) and hardness plateau (at 16 h) are presetite tensile strength age-hardening curve the
double-peak phenomenon (at 4h and at 16h) are\auker

The ,optimum" schedule for mechanical propertesas follows: solution treatment: 4 h at
515°C; water quenching at 40°C; artificial agin@: 1 at 170°C. This will produce the following
properties: HB was in compare with untreated &9 % higher and strength tensile was of 32 %
higher.
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Abstract. The fatigue strength evaluation of nodular cash iwith as-cast surfaces involves several
complicated factors such as surface roughnessiticanof microstructures from surface to interiseyveral
types of defects and residual stresses. Fatigtiagda cyclic plane bending was performed to irigege
the response of a nodular cast iron with differemtface conditions, namely as-cast, sand blastfiaed
ground. The results show fatigue data that camteegreted considering the surface features abrilgan of
the formation of the main fatigue crack.

Keywor ds: nodular cast iron, fatigue properties, surfaceddans.

1. Introduction

Nodular cast iron (NCI) is a structural materiak fimany industrial applications and its
resistance to fracture in static and cyclic loadmag been subject of extensive investigation. The
mechanical properties of NCI are comparable witbséh of cast steels but with improved
castability. Therefore NCI is often used for théomuobile and engineering componefiis2].

The fatigue properties of NCI are influenced by tim@trix structure, the percentage of
spheroidal graphite, and the presence of mechamotthes. Slightly higher percentages of
spheroidal graphite increase the fatigue strengtivell as the endurance limit. The presence of a
larger amount of pearlite in the matrix structutgoancreased the fatigue strength. The effect of
matrix structure on the fatigue strength is lessmpunced and the fatigue strength is significantly
lower in the presence of notches [3].

Fatigue properties of NCI with as-cast surfacesimafleenced by various factors such as: i)
surface roughness, ii) changes in the mechanicg@epties of the metal surface, and iii) changes in
the residual stress condition near the surfaceth@se factors work together and influence fatigue
strength in a complex manner, the quantitative uatadn of the fatigue strength of NCI having
casting surfaces is very complex, resulting in ffedBnt fatigue strength from that observed for
smooth specimens. Specimens with as-cast surfaeexpected to show a reduced fatigue strength
compared to machined and polished specimens [4].

This paper presents a study of the fatigue behafigrearlite/ferrite NCI specimens having
different surface conditions, namely as-cast, ddast and fine ground. The dependence of the
fatigue behavior on specific surface conditionighlighted using prismatic specimens tested under
cyclic plane bending (R =0) with maximum stresacteed at the surface of interest. The
characteristics of the surface layers in the difier test specimens are examined by
metallographycally.

2. Material and experiments

The experimental metal charge was prepared frod08 Rg of pig iron, 300 kg of steel scrap,
1500 kg of cast iron scrap. Melting was performadelectric arch furnace. The experimental
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material was treated during heating with additiér8% kg FeSi [5]. Chemical composition of the
pearlite/ferrite NCI is given in Tab. 1.

The cast material was delivered in the form of $3® x 20 mnplates. No annealing treatment
was performed before machining the specimens usetbisile and fatigue testing. The structural
analysis was performed on polished and etched meeas taken from the cast plates. Structure
details were analyzed in the light metallographicroscope according to the EN STN 42 0461
standard and by the methods of quantitative mefiajahy [6].

C Si Mn S P Mg Cr Cu Ni
3.68 2.62 0.51 0.005 0.05 0.034 0.2 0.07 0.01

Tab. 1. Chemical composition of pearlite/ferrite NCI, [\W&].

The graphite nodules were observed in fully and/ gairtly not fully globular shape and they
were located in ferrite. Size of graphite particleas predominately ranging from 30 to 60 um
(V1 6) and with a small number of nodules ranginghe size from 15 to 30 um (VI 7). Graphite
nodule count N was 260 mifin average. The NCI matrix was not homogeneous vitterent
content of ferrite and pearlite, Fig. 1. The mi¢rosture of specimens according to the standard EN
STN 42 0461 was indicated as Fe 55 (it means 4t of ferrite in the matrix). The effective
ferrite (EF) content (% of ferrite in the volume sgecimen) was 34 % for specimen with as-cast
and sand blast surface and 48 % for specimen withdround surface. The average mechanical
properties of the present NCI were tensile strergth=576 MPa and elongation to rupture

100 um !

- =m a

Fig. 1. Typical microstructure of specimens with a) as-easl sand blast surface, b) fine ground surfacbed with
3 % Nital.

Three sets of fatigue specimens were prepared. 8h€Fig. 2a) had one test surface in the
as-cast condition and the other ground. Specimatisated as sand blast (Fig. 2a) had the as-cast
surface sand blast after machining. The test seiréddhe fine ground specimens (Fig. 2a) had a
smooth finish achieved by removing the castingasig$ by soft grinding.

/l

Fig. 2. a) Surface condition of specimens (from left) astcsand blast and fine ground b) dimensions etisgens.

Fatigue tests were performed on specimens, whosmejey is shown in Fig. 2b, using a
fatigue test machine for cyclic plane bending waading ratioR= 0 and 25 Hz frequency. Tests
were interrupted at 2.f@ycles if the specimen did not fail. The raRe= 0 allowed to apply a
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cyclic tensile loading to the surfe of interest, eitheas-cast, sand blast or fine ground. The stress
amplitude was defined according gx = M/(2S), whereS= bh?6 is the section modulus whi b
andh are width and height of minirr specimen section amd = P x L, is thebending moment with
P the force monitored by a load cell alL, the distance betweeahe load cell and an intern
support.

3. Resultsand discussion

Fatigue test results apgesentecon Fig.3 where the number of cycles to failure is plo
against the stress amplitude (i.e. omax/2). Trends of the S/Ndependence different surface
condition (as-cast, sarast an: fine ground) are identified for the three sets of specisn The)
are clearly associated with the surface finishiogditions, which especially control fatigue cre
initiation. As expectedspecimens with the fine ground surface actd longer lives for a (ven
stress amplitude compared to the specimens w-cast and sand blastirface As-cast and shot
blast surfaces give a similar response in fat At 10° cycles, the fatigue strengthow a decrease
going from a fine ground to at-cast surface in the range of 20 %.

Nodular castiron-R =0
200 ‘ .

sand blast
180 fine ground

160

140 |

Stress amplitude o, (MPa)

120

100 Laal i L n TR | i i L
103 10 105 108 107

Cycles to failure N,
Fig. 3. Fatigue tests results

Longitudinal sectioning of the specimens allowsegaluation of surface roughness and sur
features for the different specimeThe surface roughness coefficientd the three surfaces, s
Tab.2, is coherent with the fatigue rankiof Fig. 3.The aseast specimen surface is character
by two different layers ab@vthe base NCstructure, Fig. 4a. Top is treurfacelayer formed by
casting, then a transitional pearlitic laformed by rapidsolidification and coolin. Many defects
(notch, pinhole and crack) were found in th-cast surface layer of Fida. The surface layers
thickness is not niform, (i.e. approximately 1(um thick). Thicknesses of these layers w
measured and are alsansmarized in Tal 2.

as-cast sand blast fine ground
verticalroughness coefficient, 0.588 0.495 0.066
thickness of casting layer 36 um only locally presen removed
thickness of pearlitic layer 80 um 110 ym removed

Tab. 2. Characteristics afurface layers of the different specirr.
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The sand blasting treatment removes the surfacgdagnd locally deforms the metal but the
vertical roughness is still comparable to the as-sairface. Surface of sand blast specimens is
formed by pearlite layer with lamellar graphiteg Hb. Only fine grinding reduces significantly the
surface roughness (i.e. by one order of magnitbgelimination of the cast surface layers entirely.

Casting layer

Fig. 4. Magnified view of surface layers of a) as-castermiat; b) material after sand blasting.

4. Conclusion

The influence of the specimen surface on the fatguength of pearlite/ferrite nodular cast iron
was investigated in this study. The following carstbns were reached:

* Fine ground surface achieved the best fatigue padnce, with as-cast and sand blast
surfaces was associated reducing strength (i.e0®pp0 % less),

» Fatigue fracture origins of nodular cast iron wasiicast surface can be largely attributed
to the roughness and defects existing in the \icwfithe cast surfaces,

* The as-cast surface layers are characterized bifisant roughness, defects and a brittle
surface microstructure, which is quite differeminfrthe base pearlitic/ferritic base metal.
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Abstract. Theoretical part of the manuscript deals with dasiormation about repair of gas pipeline with
steel repair sleeves and simulation programme SYISWExperimental part includes analysis of boundary
conditions in two-pass fillet welding joint. Resultf the analysis will be used for simulation imslation
programme SYSWELD.
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1. Introduction

The article deals with the issues of repairing disfan steel gas pipes, in particular of
permanent repairs with using steel sleeves.

2. Theoretical Part
2.1. Permanent Repair of Defectsin Gas Pipelineswith Using Steel Sleeves

The Steel Repair Sleeves can be used for permaegairing of high pressure gas, pipeline
defects without interrupting. With using these iepaethods, we can repair defects, such as
internal and external corrosion, gouges, dentsow@®, arc burns, cracks, defective girth welds,
laminations and leaks [2].

The steel sleeve is composed of segmented stei@lgcdidted on two steel distance rings,
which defines the space between the sleeve andepared pipe. This space is filled with glass
beads and epoxy (composite). When epoxide cureslide a perfect transmission of stresses from
pipeline to sleeve, while an equal stress distiaouin the pipeline and sleeve. Type of materia an
thickness sleeve and distance rings, must be saitie dhickness of the repaired pipeline. Required
mechanical properties of composites obtained a2#rhours of curing. Good space filling
composites are checked through the inspection fi@]es

1 - steel segmented sleeve
2 —distance rings

3 — composite

4 —inspection holes

D - pipeline defect

++ -weld

Fig. 1. Principle repairs gas pipeline using steel redai [2].
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Depending on the seriousness and type of defettteopipeline can be sleeves divided to:

) cold sleeve — steel casing fitted on two steefadie rings is welded only
longitudinal butt weld,
) hot sleeve - steel casing fitted on two steel adis¢ rings is welded

longitudinal butt weld and also is welded withdilweld to distance rings

[2]
2.2. SYSWELD

SYSWELD is a Finite Element software that simulaaisusual welding processes such as
MMA, MIG, TIG, spot welding, laser welding, heateatment like bulk hardening, surface
hardening, tempering and hardening and tempersgyedl as thermo-chemical treatment like case
hardening, carbonitriding, nitriding [1].

The software calculates dimensional variations @distbrtions of parts, hardness, strength and
strain at break of the material in use, plus redidtresses, during and at the end of the welding o
heat treatment process [1].

Simulation of a welding process requires two susivesanalyses:

° first a thermo-metallurgical analysis,
° followed by a mechanical analysis.

3. Experimental Part

This experiment includes analysis of boundary @@t for the simulation of welding in the
repair of gas pipelines with steel sleeve.

3.1. Experimental Sample

Model used for the experiment was compounded of@@? pipe sections of materials L360NB
(pipe and distance ring). Pipe has a diameter 8f8hm, pipe’s thickness is 10mm and length 260
mm. Distance ring has diameter of 333,9 mm, tingkness 10mm and length 90 mm. Welding
joint was welded using the MMA process. Experimestanple was welded with two fillet passes
of weld. These passes of weld a part of the firdskeld.

260

Fig. 2. Experimental sample, scheme (up), real sample (flown
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3.2. Experimental Measurements During and After Welding

During welding were measured welding parameterdding time and thermal cycles in
three points. After welding the weld was analys€dmplete analysis of weld for simulation
in simulation programme SYSWELD contains:

- parameters of welding (WJlw),

- cross-sectional geometry of the welds ( weld métdt affected zone ),
- welding speed (,8),

- thermal cycles,

Parameters of welding Uy, - welding voltage
Weld U, V] lw [A] s, [mm.s' | Q,[J.cn’] L - welding current
weld 1 23,6 92 2,2 7895 S -welding speed
Q - real heat inputy&0,8)
Weld 2 23,6 92 2,25 7719

Tab. 1. Parameters of welding.

Fig. 3. Macrostructural analysis.

Digitizing of weld macrostructures, we get crosstemal parameters of welds “Fig. 4.”, which
are necessary for the definition of Goldak heats®model.

f‘!“\
] ~ |
// / ; ¥
6\ // A °-)_9 U1°
S S,
/ P > ,,.?3/ i
SN T
// S,.=17,2mmM - weld area
T F S,, =16 mni

Fig. 4. Cross-sectional parameters of the weld.

Temperature cycles were measured by three theurptes Their location is shown in Fig. 5.
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Weld Thermocouple 3
-\

Thermocouple 1 \Thermomuple 2

Fig. 5. Location of thermocouples.
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Fig. 6. Temperature cycles in three thermocouples.

Characteristic attributes of temperature cycles
1. pass of weld

Thermocoupld — Thmax[°Cl r300 [°C.§Y] 100 [s]

1. 465 9,78 113
2. 480 10,6 117
3. 322 6,5 112

2. pass of weld
Thermocoupld — Tmax[°Cl r300 [°C.§Y] 100 [s]

1. 373 8,7 136
2. 360 8,5 144
3. 212 - 126

Tab. 2. Characteristic attributes of temperature cycle.

3. Conclusion

Experimental results will serve as a boundary d@mmd for the simulation in simulation
programme SYSWELD. The simulation process will pdevinformation about residual stresses
arising in the repair of gas pipelines with stdeésge.
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Abstract. The article presents the possibility of testingsefected adhesive joints, used in the construction
automotive vehicle, with so called low defectosogisceptibility. A scope of application of adhegwats

in cars construction was analyzed. In the paperespossibilities of testing of the glue joints ineth
construction of automotive construction were présgnThe paper presents the description of therarpat
carried out and its results. As a mine result efwork executed, it was found that there is a jbdggi of
using of non-destructive method for testing the liguaof adhesive joints, with low defectoscopic
susceptibility.

Keywords: glue joints, ultrasonic testing, non destructesting

1. Introduction

The glue joints belong to specific adhesive jgriup. These joints are used in industry, for
example in automotive industry. The adhesive joarts used, particularly, in cars and buses. The
adhesive joints are classified as the oldest peemtgnints. Despite of the high-tech bonding, ia th
finished product may occur defect. Majority of exig test methods for glue joints assessment are
destructive methods. They are also used non-déistunethod to test such connections.

The research was carried out with the aid of nastrdetive methods for assessment of
adhesive joints quality. Tests can be made usiof sethods as ultrasonic, infrared, holographic,
and resonant sound [1, 2, 3]. The cheapest nomudése testing method for evaluation of
adhesive joints quality is organoleptic method. sThethod requires a lot of experience from
controller of glued joints and also a good knowkedd adhesive technology. With the aid of this
method it is possible to verify the uniformity ofdd of glue around the edges, joints, which shows
the correct amount of adhesive in the weld andotbper pressure to the adhesive in the joint (Fig.
1).

Fig. 1. Verification of the correct bead of glue: 1 - tmea where too much adhesive was applied, 2 +H#zevehere a
proper amount of adhesive in the joint was applBedthe area where too little adhesive was applied
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Other methods in most cases require access to dterials bonded at the application of the
adhesive. An example diagram of measurement uséaebguthors in ultrasonic testing of adhesive
joints is shown in Fig. 2.

a) b)

50

30

1
@60 N 2

Fig. 2. An experimental setup: a) general view b) sche¥re) - probe transmitter - receiving, 1 - glue,45-steel

Purpose of tests

The main aim of the research is an assessmeneqgidbsibility of the use of non-destructive
testing for evaluation of adhesive joints with Iswsceptibility flaw, for example, in the case of an
application of the glue for bonding the floor inses.

2. Description of the experiment

Such tests were glue joints, as used in the cagiruof buses. The glue connections were
investigated with a rectangular profile combinedhwglue and plywood floor. In this connection
there is no possibility of application of us, fraihme metal directly above the area where the glue
was imposed. Strong attenuation of ultrasonic wanethe plywood prevents the measurement
from its side. For this reason it was decided te te Rayleigh wave. This wave penetrates to a
depth of approximately one wavelength. It is a se@ase of transverse waves, since the vibrations
of particles are composed of two vectors, and tlewament of particles takes place after the
slender ellipse. Prior to the tests determined &glylwave velocity profiles in the test, which were
about 3200 m / s. The measuring system is showigir3

Fig. 3. Measuring system: 1, 2 — ultrasonic probe, 3 wpbd, 4 — adhesive, 5 - Rayleigh wave, 6 - hollow
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Some experimental results are shown in Fig. 4 agd3- Figure 4 shows the image obtained on
the screen of ultrasonic flaw detector in the avbare the glue was applied properly. in Fig. 5 IS
shown the image obtained during the measuremeraht pbint where adhesive is not imposed. As
far as the quality of accepted pulse height orstineen ultrasonic flaw detector.

0,9
0,8
0,7 |
0,6
0,5
0,4
0,3
0,2
0,1
0 ‘ T T T T — T
0 10 20 30 40 50 60 70 80

Time [us]

Fig. 4. The image obtained on the screen of ultrasonie flatector in the area where the glue was applied

T T T T , T |
20 30 40 50 60 70 80

Time [us]

Fig. 5. The image obtained on the screen of ultrasonie €latector in the area where the glue was not eghpli

3. Conclusion

On the basis of the theoretical analysis of thebl@m studied, and on the groundfthe
experiment carried out, we can draw the followingsclusions:

* It was found that the samples can obtain the neezsshrch useful ultrasonic wave pulses.

* During the testing of adhesive joints the surfae@evcan be used.

» Pulse height obtained on the screen, of ultrastiawe detector depends on the quality of the
joints.
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Abstract. This paper presents the material analysis nameX @Ebdergy Dispersive X- ray Analysis). This
method is used in the scientific field for expentad activities. Material analysis is very importéor every
scientific research. The results indicate the pdegge representation of the individual elementstaatiway
about character of the investigated material.

Keywords: EDX analysis (Energy Dispersive X- ray Analysi§ample, pressure vessel, material
characteristics

1. Introduction

Nowadays is very necessary make every experimeht kmowing properties of investigated
material. The one way how can we find out the imfation about material characteristic is material
analysis. The contribution presents EDX analysise(By Dispersive X- ray Analysis). After
obtaining the accurate information about the appeae of elements in investigated material, is
possible to make a required experiment. The arsalysbur sample was made for comparison of
contractor values and measured values achievedrilaloratories.

2. Energy-Dispersive X-ray Analysis

The EDX analysis exploits the primary electrons aetphg to surface of the sample for the
excitation of atoms. RTG radiation is detected. Tuality of interaction of the prime electrons has
a pear shape. On the explored object it is possibkexplore the placements of elements on the
reserved and suitable surface by microscope adjustdesired zoom. After the recognition of the
elements on the analyzing sample the map of oaucerées appeared hence the displaying of the
parts in which these elements are found. The sanatius combination of the elements is possible
and we can observe its overlapping and complengnfiine inseparable components are the
analyzers that enable to analyze elements on theeahpoints of the surface of sample and also to
trace the allocation of the elements on the surdcgample. The characteristic RTG radiation of
elements is creating when there are the individledtrons of the inner parts of the atoms ejected
by the impacts of the prime electrons. These alastiare substituted by the electrons from the
higher energetic levels and the differential enasggleased in the form of radiation. This enagyy
characteristic for each individual element. Onrdwords from the analyzers the braking radiation is
participating on the continual background image a&hdracteristic radiation of the elements
contained in sample creates so called peaks.
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2.1. Deter mination of material characteristics

The investigated pressure vessel with the innekigroverpressure of 10 bars and volume
2 | is used as a tank of the brake liquid on theylahassis. The pressure tank was made from
unalloyed steel class 11 373. The values of thehargcal properties and chemical structure are
listed in the table 1.

The data about the material: unalloyed steel obtidéenary qualities suitable for the welding
of the steel constructions. Steel suitable for ¢tbenmon use and for the common atmospheric
eventually elevated temperatures [1].

Fig. 1. The investigated pressure vessel

Chemical structures| % | Mechanical properties
. — Breaking Yield
Poisson
C p S N Tensibility strength Sress Modulus of
number p | Aso elasticity E
max. | max. | Max. | Max. Rm Rpo.2 .
[-] [%] [MPa] Mpap | 1O"MPa]
0,17 0,045 0,045 | 0,007 | 0,3 24 340 -470 225 2,06

Tab. 1. Mechanical properties and chemical structuremaflayed steel class 11 373

For the sake of more exact analysis of the chensitatcture of the material of investigated
pressure vessel its cap made from the same steelessel was sampled and the sample was cast to
dentacryl (Fig.2). The analysis was accomplishethenTechnical university in Kosice.

Fig. 2. The sample of investigated material in dentacryl.

The results of the measurement from EDX analysis @amtents of individual elements in
relation energy/value are depicted on the Fig.3,4,5

On the Fig.3 is displayed the analysis of the pkrtcontaining aluminium and calcium
oxids (oxygen is not possible to analyze on therosimopes that was used and therefore it isn't
visible in the spectrum) and mangan and ferrumtsdlg=errum in the analysis can be either from
the surroundings of elements.

On the Fig.4 the analysis was made from the gremterof the fracture surface is pointing
out to the average chemical structure of the amajyzpot (there aren’t occurs of elements with less
atomic number than 11 in the EDX analysis; restnctof the analyzer). Spectrums indicates
frequency of the photons in certain energy level @hen the impacts of the electrons on the atoms
cause the RTG radiation (during the certain satistiondition) and this radiation has a continual
pattern, but it has either characteristic peaksewh element, then we can determine qualitative
and quantitative structure of the researched nadtgpion their analyzes.
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Fig. 3. Analysis of part of sample containing aluminiund@@alcium Fig. 4. Analysis of fracture surface.

Following figures from the electron microscope aeeording the fracture surfaces in the
analyzing sample. There is depicted ductile fractum the Fig.5 while the mechanics of infraction
is a tube fracture. Breakage was made by hammdérerrvice at 20°C. On the Fig.5b is farther
indicated the place of which there was made EDXyaisaKM3 (Fig.3)

Fig. 5. The duticle fracture with the type of tube fraetur

Fig. 6a, 6b display prevailed polyerdic feriticAiec structure shot by the optical
microscope.

Fig. 6b displays barely visible segment of petlite(grains aproximetly in the middle) and
also it is possible to see, that no whole carbemgntit) is segregated in the nice polyedric grain
of perlit, but on the certain places it suggestething as a degenerated perlit, tercial cementit.

al b/
Fig. 6. a/ Polyedric feritic- perlitic structure, b/ Potiréc feritic-perlitic structure with the segmentrlit

3. Conclusion

The goal of the experiment was the determinatiothefmaterial characteristic of the pressure
vessel. When we don’t dispose material lists ofestigated object, material analysis represents
inevitable fundament for any experiment in thedielf applicated mechanics. There was proved
upon the reached results, that although the medsi@ues in some elements is different from the
values provided by manufacturer about a few huritiegdt is enough for the determination of the
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type of material and following activity that willebproceeded on the investigated object. The last
point is interpretation of the measured values.
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Abstract. The thesis presents results of analyses for wgldinompatibilities formed during the process
of welding structures of a semi-trailer frame. Thets results show that welding blisters in blowkadhre
one of main factors of poor quality welded joints.order to work out coordinating and preventivéiacs
an analysis of how the blowholes are formed waslgoted, taking into account surface blowholes.tRer
company's needs a list of factors having an impagbints' porosity was prepared.

Keywords: welding process, welding incompatibilities, blistand surface blowholes.

1. Introduction

The examination unit presented in the dissertaoWIELTON S.A., a company producing
semitrailers, trailers and lorry sidings, as wsllagricultural accessories. The company is a lgadin
Polish producer of semitrailers and trailers, with% market contribution. One of the main
elements of production processes is the proceaglding constructions intended for semitrailers.

The use of MIG/IMAG methods is of great significamte¢he contemporary welding production
as it is characterised by a constant rising treiobreviation MIG (Metal Inert Gas) concerns
welding inert gasses in covers (argon, helium). rabiation MAG (Metal Active Gas) concerns
only active protective gasses (&@ix CO, with inert gasses). Very often it is used to canioa
this two abbreviations MIG/MAG, because at pregémet blend of protective gasses, which are
using in processes, are multicomponent. That's wWiey abbreviation GMAW Gas Metal Arc
Welding) is more and more universally, which inéhgl all kinds of protective gasses in one's
description [1]. One of the basic requirements nak&o account when selecting appropriate
mixture of curtain gases is easiness of their @iion so that to ensure maintaining a stable wgldin
arc.

The ability to compete depends, to a great extentbeing able to provide top quality
of products and services [2]. This is why so muaofipleasis is put on keeping statistics related
to failing to provide adequate level of quality.

2. Analysis of Welding | ncompatibilities

The entire process comes down to making an inskleajaint of elements which will be
performing the previously determined requiremeptscerning the quality.

In order to make a high quality weld certain partargein the area of material and immaterial
factors must be kept. In the case of immateriatofscone should take into account materials’
quality, appropriate technology (welding paraméetdramaterial factors are related to the process
functioning (organization, procedures, instructipnas well as to the staff's experience and
gualifications.

Every single deviation from an ideal welded joimtcalled a welding incompatibility. Reasons
causing such incompatibilities to occur can bed#udiinto three basic types:
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— material and metallurgical (changes of structumgregation of components, voids, micro
cracks),

— construction joints (cracks caused by stress cdret@m, improper form of the weld),

— technological (being a cause of most incompatied)t[3].

Analysis of welding incompatibilities includes theelded joint considered as a geometrical
fragment of a welded structure, since they canrbsgmt in the joint itself or outside the joint tie
Heat Affected Joint, even in native material, éagnellar cracks. Pursuant to PN-EN ISO 6520-1
standard welding incompatibilities are classifietbisix groups: 1 — cracks — tears in solid state,
both in the joint's metal, in the heat impact zoa®,well as in the base material, which can be
caused by cooling or stresses; 2 — voids — defi@snin the joint's metal formed by gas that got
inside it; 3 — permanent inclusions — foreign bedipped in the joint's metal; 4 — incomplete
fusion and lack of weld penetration — no or todlskajoints between the joint's metal and the base
material; 5 — discrepancies related to shape amémsion — inadequate shape of the joint's external
surface or incorrect geometry of the connection:- &arious welding incompatibilities — all
incompatibilities that can be classified as belaggio group 1 - 5 [4]. Fig. 1 presents the types of

- 7S
meN N

Wy NN

< W 5 /AN '’

"r % . | % \ ?

Fig. 1. Scheme of welding incompatibilities in researcb@spany: a — incomplete fusions, b — excessivgebul
of the joint, ¢ — wrong geometry of the made welld; undercuts, e — lack of joint penetration, fisuifficient
thickness of the joint, g — metal spattering.

The most common incompatibility in the examined pamy are undercuts “Fig. 1d”, i.e.
irregular grooves just at the joint's edge. Incotfyday marked as No. 602 in the standard “Fig.
1g” is formed when binder's particles spatter dyrine welding process and stick to the basic
material's surface or the solidified joint. Incorpdities presented in Fig. 1c and 1f refer
to welding in a fillet position and geometry of theade weld. Yet another incompatibility related
to the weld's shape is excessive bulge of the.jdéinthe analyzed company the incompatibility
is present both in welds made in butt welds (weldforcement) as well as in fillet welds “Fig. 1b”.
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Incomplete fusions “Fig. 1a” is a lack of metaltiontinuity which occurs between the joint and the
welded materials (lack of side fusion). The incotripkty occurs in a place where full fusion
of one of the welded materials did not occur. Rephthe joint in which incomplete fusions occur
means a complete removal (grinding off) of the waidl making it again. The incompatibility
related to the lack of joint penetration “Fig. le€curs when a weld of a depth smaller than
assumed in the project is made. Occurrence ofith@mpatibility causes asymmetrical load of the
butt joint and extra bending stresses.

3. Formation of Blistersin Welding Joints

Yet another group of incompatibilities occurring the processes are surface blowholes,
a presented in Fig. 2.

Fig. 2. Samples of a weld with an incompatibility - suddalowholes.

Surface blowholes are formed by gases closed invild which, due to the fact they are
situated near the weld surface, break its surfaceihg visible holes, as presented in Fig. 2.
In many cases gases solved in a liquid metal intelysreact with components present in the liquid
thus forming non-metallic inclusions. With time, &hthe metal temperature decreases, a part
of the solved gases comes out from the solutioncamdbe trapped in the metal when it solidifies.
Components most conducive to formation of the blolet are soluble oxides and carbon. In the
blowholes formation process, gases trapped in thldswcan come from the arc's gas atmosphere
(hydrogen, steam, oxygen, carbon oxide and dioxideggen), from basic or additional materials
(atomic hydrogen, oxygen and nitrogen in a formubl@d in alloys) and gases formed from
metallurgical impurities, such as sulphur, sulpkidad metal oxides) [5, 6].

Unfortunately, not all blowholes are situated nteer surface and, by breaking the surface,
forming surface blowholes. In the standard a grotiincompatibilities including "voids" in the
welds is distinguished. A part of the blowholegrapped inside the metal thus forming spherical
or canal blowholes. A small number of fine blowlls not of great impact on resistance
properties, while a greater number, of bigger sorea cluster of blowholes causes a significant
decrease in the weld's resistance and flexibiifyart from resistance properties a significant éssu
is also leakproofness of the welded joint, esphcialthe case when canal blowholes are present.

4. Conclusion

The voids (blowholes) which are internal incompisitibs are not as dangerous as those
protruding into the surface. Corrective actions $emi-products with incompatibilities such as:
open voids (e.g. surface blowholes or cavitiedlsencrater) will only include their total mecharlica
removal. This means re-welding of these elemertts @fevious grinding off the weld in which
such incompatibility is present. A general chamasties of reasons causing formation of blowholes
during the welding process, along with ways of preing this, has been presented in Fig. 3.
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Fig. 3. List of factors having an impact on joints' potgsind the way of preventing them.
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Abstract. AlSi6Cu4 alloy was selected for study in the préseork due to its wide use in many
applications. AlSi6Cu4 alloy is used in automotased aerospace industries for the complicated agsstin
which must comply high strength requirements. kieoito improve the mechanical properties of théisgsa
they are often heat treated using a two-step psages solution treatment and artificial agingheTeffect of
the heat treatment on the mechanical propertiehefAlSi6Cu4 alloy modified by antimony has been
investigated.

Keywords: Heat treatment, mechanical properties, AlSi6Cuddifircation, antimony

1. Introduction

The automotive industry has provided the impulseth@ development of newer and better
methods and manufacturing practices which are redquby the more stringent requirements in
modern automobiles. Lighter pieces are requireactoeve reductions in fuel consumption without
impairing the performance of vehicles. One of therensuccessful cases in weight reduction has
been the substitution of grey iron by aluminiunogdl in the manufacturing of combustion engines.
AISi6Cu4 alloys are used for castings of complidasbapes with different wall thicknesses. The
most commonly are used for castings, which are mabely to highly stressed. (Engine blocks,
heads and pistons, clutch housings, exhaust ene;adi chassis). AlSi6Cu4 alloy is used in the
automotive industry for 2.2 | Opel engine also BM®at, Citroén use this alloy to manufacture
engine blocks and cylinder heads. In Slovakia iSi&Cu4 alloy used for cylinder heads for 1.6 |
engines for Kia Ceed and in the Czech RepubliSfarda Fabia 1.2 TSI. [1, 2]

The structure and mechanical properties of AlSi6@ldys can be improved not only through
modifying, grain refinement but also through apptyiheat treatment and other technologies. In
practice, the most common elements with the maalifgffect are strontium, sodium and antimony.
Adding these elements leads to a change in theesbfagutectic silicon, resulting in an increase of
the mechanical characteristics of alloys and toeghn[3]

2. Experimental Procedure

2.1. Mdt Treatment and Casting Procedures

The experiments were carried out in the foundrypradory of the Department of Technological
engineering at the University of Zilina, where hs experimental material was used alloy AlSi6Cu4.
Chemical composition of the alloy is listed in Tdb.The melting process and the modification were
carried out in a graphite-chamotte melting crucibl@n resistance oven. The grain refinement psoces
using refining salt AICUAB6 was carried out whileetheating the metal bath to 730 °C £ 5 °C. The
modification process using antimony was carriedundter the same technological conditions.
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The amount of antimony chosen for each cast i®dish the Tab. 2. This amount was
determined based on the most widely used quanstiesvn in the literature for Al-Si-Cu based
alloys.

Elements Si Fe Cu Mn Mg Ni Zn Ti Cr
(wt.%) 6,52 0,43| 3,88 0,45 0,29 0,00 0,46 0,15 0,01
Tab. 1. Chemical composition of the AlSi6Cu4 alloy

Number of cast 1 2 3 4 5 6 7 8 9 10 11

Amount of Sb (ppm) Q@ 100 300 500 800 1000 1500 20@800| 3000 10000

Tab. 2. Amount of antimony for each cast of AISi6Cu4 alised in the present work

2.2. Heat Treatment

Heat treatment is used to obtain the optimal coatimn of strength and ductility in a casting.
It involves: a) solutionizing to thermally prepahe material; b) quenching to retain the maximum
concentration of age-hardening constituent {SMgAl,Cu) in solid solution and c) a combination of
artificial and over-ageing to obtain the desiredchamical properties in the casting, solution
treatment performs three roles:

* Homogenization of as-cast structure.

» Dissolution of certain intermetallic phases suclMagsSi and AbCu.

* Changes the morphology of eutectic Si phase byrfeangation,spheroidization and
coarsening, thereby improving mechanical properpagticularly ductility. [4]

Most of the recommended heat treatment of allogs tontain copper restricts the solution
temperature below the final solidification pointonder to avoid the melting of copper-containing
phases. For ageing It is used to precipitate3ignd AbCu from solid solution to form regions of
solute segregations know as GP (Guinier—PrestongszoGP zones give increases in strength
properties but reduction in ductility. [4]

The solution treatment “Fig. 1* was at 510 °C fdn,&uenched in water at 60 °C, and artificial
ageing at 180 °C for 8 h, then they cooled ouheffurnance.

T
¢

510 °C 6h

170°C 8h

t (h)
Fig. 1. Used heat treatment of AISi6Cu4 modified by aotim

2.3. Mechanical Properties

There were 6 samples cast, of which they were rtesliebars for tensile testing according to EN
10002-1. 3 of them were given a solution heatrtreat and other 3 were left in “as cast” conditibine
tensile test was performed on a tensile machine ZDMit 21 ° C. Values of ultimate tensile strength
(UTS) determines the average value of 3 test bags 2”. Percent elongation “Fig. 3” was for each
sample calculated using mathematical formulas. Wheasuring the Brinell hardness on the measuring

110



device CV-3000 LDB, the parameters used were HBSO3L5. Hardness values were determined as
average values of 5 measurements on one sample edt¢h cast “Fig. 4”.

Fig. 2a shows increasing amount of the modifyirggmeint - Sb, increases ultimate tensile strength.
To increase the ultimate tensile strength of nat-treated (as cast) alloy AISi6Cu4 about 5 to 1i8%e
most appropriate amount of Sb in the range fron® 10@500 ppm. Higher amount of modifier has led to
a reduction of ultimate tensile strength.

Fig. 2b shows relationship between ultimate terssitngth and amount of antimony for heat treated
AISi6Cu4 alloy. In case of heat treated AlSi6CuUdyaUTS for O ppm of Sb is 402,7 MPa. Highest value
of UTS = 416,77 MPa has been achieved at the and&fit is 1000 ppm. Based on experimenatal works
can be claimed at higher amount of Sb than 100Q th@re are lower values of UTS.
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a) as cast AlSi6Cligya b) heat treated AISi6Cu4 alloy
Fig. 2. Relationship between ultimate tensile strengtheanount of antimony (ppm)

Fig. 3a demonstrates the as cast AlSi6Cu4 allojestidgol to modification by antimony exhibits very
low values of percent elongation, where the higialste of A5 = 0.464 % was measured in amount of
2000 ppm Sb for as cast AlSi6Cu4 alloy.

Fig. 3b shows effect of heat treatment on AlSi6@wetlified by antimony on elongation. Values of

elongation increase to 100 % in comparison of AT8K not heat treated alloy with matching amount of
Sh.
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Fig. 3. Relationship between elongation and amounttohany (ppm)

Fig. 4a shows the relationship between Brinell esd and amount of antimony. Alloy AISi6Cu4
reported, in unmodified state, HBS = 109,3. Thénéxg Brinell hardness was measured at 100 ppm Sb
HBS = 112,3. The lowest measured value was HBS (31€orresponding to 2500 ppm Sb, which
compared with the unmodified state of alloy AlSi@Guas up to 9% reduction in Brinell hardness.

Hardness is one of the most important metallurggaiameters that can control the alloy
machinability. In fact, aluminum alloys differ fromany other metals in that the machinability of
aluminum generally improves as the hardness ineseddost automotive machine shops agree that
a minimum hardness of 80 Brinell is desirable. [5]
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Fig. 4b shows Brinell hardness of Sb-containingi@T&4 alloy. The highest Brinell hardness was
measured at 2500 ppm Sb HBS = 149,6.
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Fig. 4. Relationship between Brinell hardness and amdtaritanony (ppm)

3. Conclusion

Based on the experiments can be claimed, thamthet appropriate amount of antimony for
non heat-treated AlSi6Cu4 alloy is 2 000 ppm Sbmddified AlSi6Cu4 according to experimental
works has ultimate tensile strength Rm = 217,72 MPé&e highest measured elongation A5 =
0,078% and Brinell hardness HBS = 109,33. The texfl mechanical tests show that for such
amount of the modifying element, alloy has an utientensile strength Rm = 228,76 MPa at the
highest measured elongation A5 = 0,464% and Brheeiiness HBS = 105,33.

For heat-treated Sb containing alloy AISi6Cu4 reoeended amount of Sb is same as for non
heat-treated AISi6Cu4 alloy, namely 2 000 ppm Shimate tensile strength for such treated
AISi6Cu4 is Rm = 416,77 MPa which means increasé%fcomparing to heat-treated unmodified
AISi6Cu4. Elongation of AlSi6Cu4 has increased frag= 0,156% 0 ppm Sb, to A5 = 0,625% 2
000 ppm Sb meaning 400 % increase. Brinell hardrlsS = 146,25 of AISi6Cu4 modified by

2000 ppm of Sb remained on the same value in cosgpa with unmodified heat-treated
AlSi6Cu4.
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Abstract. Correct selection of material for components ofleaholding tools is one of basic expectation of
its failure-free works. Analysis for use of W.Nr2311 toolsteel and its comparison with materiaNV.
1.2312 for less stressed components of cold—moldiolg is described in this paper.

1. Introduction

The final quality and utility features of moldingadls are predestinated long time before semi-
product or tool itself goes to the hardening ro@mnteat processing. Lot of problems, which are
connected with possible deformations and possie#trdction of molding tools (or their parts) are
generated by their design that means at designnuetiation before the material gets to producer
[1]. The next aspect which affects the final usatfeibutes of the moulding tool, is choice of
material itself. The aspect of brand (of chemicamposition) has got a primary important role.
Inadequate chosen brand can easily cause earlyofesdrvice life of molding tool. Chemical
composition (brand) of steel in majority of casessinot provide requested amount of informations
about quality of material. The qualweity of steglgiven by its origin, primary and secondary
metallurgy, eventually subsequent processing asngaling or molding. In the case of materials of
the same brand, but supplied by two different mactuirets or suppliers differences of hardness
after heat treatment can be more than 10%, im vesgstance tenths of percent and these materials
can also differ in toughness.

2. Description of material W.Nr. 1.2311

High alloyed and heat treated Cr-Mn-Mo steel watv lamount of sulphur, with high level of
purity and homogenity. It has got a perfect madhilityg, polishability and erodeability. It is
suitable for case-hardening, nitriding, inductiadening and flame hardening.

2.1 Usage

Less stressed components of cold-molding toolsabid) medium forms and frames of forms
for the processing of plastic materials and med@ncomponents with higher strength and
toughness [2].

2.2. Chemical composition

Chemical composition of material is listed in Tab.

C Si Mn P S Cr Mo NI V| W

035-045 02-04 13-16 Max.0.035 Max36.p01.8-2.1 0.15-0.25

Tab. 1. Chemical composition of material W.Nr. 1.2311
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2.3. Material equivalents

- By STN 19520,

- By DIN 40CrMnMo7,
- By Bohler M201,

- By W.Nr. 1.2311.

3. Description of material W.Nr. 1.2312

High alloyed and heat treated Cr-Mn-Mo steel. Anmtooinsulphur ensures high machinability
also in heat treated condition. Polishability aod. Because of high ability of heat treatment into
the depth of material the balanced hardness imtiwe cross-section is ensured. It is suitable als
for nitriding, as well as case-hardening and hdmame plating.

3.1. Usage

Less stressed components of cold-molding toolsabid) medium forms and frames of forms
for the processing of plastic materials and med@ncomponents with higher strength and
toughness [2].

3.2. Chemical structure

Chemical composition of material is listed in TaBle

C Si Mn P S Cr Mo Ni V| W

0.35-045 03-05 14-16 Max.0/03 0.051-01.8-2.0f 0.15-0.2b

Tab. 2. Chemical composition of material W.Nr. 1.2312

3.3. Material equivalents

- By STN ~19520,
- By DIN 40CrMnMoS8-6,
- By Bo6hler M200,
- By W.Nr. 1.2312.

4. Analysis of the damaged part

The clamp plank of active part of molding tool slibbe made from th&Vv.Nr.1.2311steel.
During the production the confusion of material i@ppened and the detail was made from the
1.2311 steel. By the load of tool the clamp plardswestroyed.

At the clamp part, in the place of radius, thedindint in transverse direction of material can
be seen (Fig. 1). From this place the disruptionciwiread to the overall destruction of the detail
was initiated.
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Dint in material — initiation of fracture

Fig. 1. Initiation of fracture - dint by companion parttransverse direction
4.1. Macrofractographic analysis

In this case it is mixed fracture with quite extgasratio of fine and glossy facets of brittle
fracture. The appearance of fracture is referrongdterogeneity of structure and presence of non-
metallic inclusions (Fig. 2).

Fig. 2. The surface of breakage of the clamp plank, magatitin 10x

4.2. Evaluation of microstructure and hardness of material

Microstructure of analyzed damaged parts was pegphy common metalographic procedure
and evaluated at light microscope Neophot 2. Micoosure is quite heterogeneous, and it consists
of tempered martensite, bainite and carbides Fignd Fig.4). The marked diffusion is reflected
by the marked heterogeneity of measured hardnasgjng in interval from 343 HV0.5 to 446
HVO0.5.

Fig. 3. Microstructure of the basic material, Fig. 4. Boundary line of the surface of
etching 3% Nital fracture and basic material, etching 3%
Nital

Measured values of hardness are listed in Tabh8.fflacture surface expanded mainly along
sulphidic inclusions (Fig. 5 and Fig.6), which alaracteristic for used material.

Istpart| 343 39% 446 380 3%7

2nd part| 367 386 391 432 408

Tab. 3. Hardness HV 0.5 load 4.9 N (first and second phctaomp plank)
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The presence of sulphidic inclusions ifi
the place of fracture

The presence of sulphids

Fig. 5. The presence of sulphidic inclusions in Fig. 6. The presence of sulphidic inclusions
basic material, etching 3% Nital in the place of fracture, etching 3% Nital

5. Conclusion

The difference between materials W.Nr.1.2311 a@812 in chemical structure is minimal;
the difference is in amount of sulphur. In mateti&l311 the maximum allowed amount of sulphur
is 0.035% but in material 1.2312 the maximum amadisulphur is 0.1%.

Higher amount of sulphur signifies production otlusions, which are called sulphids.
These sulphids form non-homogeneity of material anadan be seen at the previous pictures, the
fracture was expanding by the sulphidic lines. taxgs it means that higher amount of sulphur
improves machinability but also reduces mecharattabutes as impact value.

Clamp planks of active parts cold-molding tools riit belong among the most stressed
components of cold-molding tools, but in spitelwdttis very important to put emphasis on the right
choice of materials for their production. Seemintjlg same qualities of materials can have very
different mechanical and hardness characteristics, which can result in different durability of
parts produced from these materials. For the ptomluof clamp planks it is advisable to use
materials, which have ensured chemical structu@mndgeneous composition and adequate
hardness characteristics.
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Abstract. The paper deals with the quality of the machinethse after cutting of laser ray and plasma ray.
In the experimental part is evaluated roughnessheat affected zone on the selected material.

Keywords: Laser, Plasma, heat-affected zone, roughnes® aiutfiace.

1. Introduction

Nowadays it is common to divide not only stock, bigo produce finished components by
laser ray and plasma. When making a decision tak®n into account a wide range of parameters.
The most important criteria, which decides, isfthal quality of the surface that can be achieved.
is clear that the technical requirements, direotlyndirectly affect the economical and ecological
aspects. The term quality cutting surface meansuhe of the parameters by which we can assess
whether the cutting surface meets the requirentbatsare required from it. These parameters are
mainly cutting surface roughness, heat affectece zeime, spacing and width of the cutting gap,
which is an important technological factor. Theeeffon these parameters have: type of laser or
plasma source and cutting parameters such as algisrperties.

2. The Quality of the Surface Formed by Laser Cutting

Surface formed by laser machining is charactertaeformation of a striated traces cut. This
trace cut arises as a result of the cyclical natiréhe energy beam when interacting with the
material as a result of oscillation of the melwfld_aser ray in contact with the material resutts i
their interaction, which are dependent on matgniaperties. After impact of the laser ray, part of
the rays are reflected, part are absorbed intartagerial. Absorbed rays heat the material to be
melted by heating. Surface melting area is expandapidly and the material further intensive
beam will vaporize. In the melting zone by vaporarese relatively high pressures and melt is
extruded and moved from arising hole of pressuporarlhe laser ray by dividing material moves
forward, the melt begins to solidify, recrystallizand residual tensions arise [3].

Criteria for evaluation of surface quality afterchaing by laser ray is a few. Very important
parameter by laser machining is ability of workgigo absorb and reflect laser radiation. Other
important parameters that we determine the finalityuof the workpiece are by Konig [2] process
parameters, material parameters and cut qualityceBs parameters for laser ray cutting include:
laser power, cutting speed, width the cutting dgpe of laser / mode, wavelength /, process gas,
the focal length and diameter of focused beam. Agntre material parameters belongs the
physico-chemical properties of the material andngetoy of the workpiece. Cutting quality is
evaluated using the following parameters: width ¢teting gap, rounded edges due to cutting,
irregular edges, width heat affected zone (her@ndflAZ), the formation of cracks, change the
structure of the material surface, hardening, tedidtress.
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Depth HAZ associated mainly with the cutting spesal process gas. He is few tens of
micrometers. Given the shape of parts may be thenaglation of heat and thus increase HAZ. If
you avoid the creation of micro-cracks, it is pbisiHAZ removed by suitable annealing cycles.

3. Quality of the Surface Formed by Plasma Cutting

Heat source for plasma cutting is energy plasmagewerated by ionization of the plasma gas
in the electric arc and is concentrated by burnérfacusing gas, or water spray. Plasma has a high
energy density. Plasma stream exits the nozzleiofdo with a great kinetic energy and melts the
material. The melt is then blown from the cuttirgpg The process is thus based on thermal and
dynamical effects of the plasma. Plasma ray inaxintvith the material results their interaction,
which are dependent on the material properties.fiflaé quality of the cutting surface is dependent
on cutting parameters and the material propertieffuencing factors by plasma cutting are
particularly plasma gas and secondary gas (in gasebs with stabilization), cutting parameters
(cutting speed, size, flow and pressure) and thekpiece. That was the best cut quality, must be
specified in the workpiece material on cutting ased the following parameters: surface material,
surface treatment, electrical conductivity, there@ductivity, melting point [1, 4].

4. Experiment

In the experiment was evaluated the surface rowgghaad heat affected zone. The material
used in the experiment was EN ISO S235JR. Sammes gut on laser cutting machine Bystronic
Bystar 4025 (Bystronic laser source Bylaser 4401) the plasma cutting device Vanad Proxima
(source Hypertherm HPR130) and in thicknesses 8, 8, 10 and 12 mm. For all samples used
were optimal cutting parameters recommended byndweufacturer of laser and plasma devices.

4.1. Evaluation of Surface Roughness

Surface roughness is a summary of inequalities veldtively small distances, which usually
contain inequalities that arose mainly used meibfogroduction. The surface roughness does not
include surface defects, which occur only occadignag accidental damage furrows) or those
caused by material (eg cracks, holes). For an bige@assessment of surface roughness were
introduced various normalized roughness charatiteridn the experimental part of this work were
observed Ra and Rz.
During measurements, the surface roughness wasvelbsaccording to the varying thickness of
material. To measure the roughness of the surtagghness was used tester Mitutoyo used Surftest
301. The measurement was carried out at five diffietocations and from these values were
calculated the arithmetic mean.

Conditions of experiments:
= Device: MITUTOYO Surftest 301.
= Measured temperature: 20 °C.
= Ac/L: 2,5 mm.
= Assessment criteria: Ra, Rz.

118



25

20

P oy m—

15 LY ——Ra-Plasma
\ / r +== Rz - Plasma

10 .-‘f : ——Ra- Laser

Z —4+—PRz - Laser
5 M‘d_

3 4 o 8 10 12
h/mm/

Ra Rz /pmi

Fig. 1. Depending the surface roughness Ra and Rz of éterial thickness after laser cutting and plasma.

4.2. Evaluation of Heat-Affected Zone

Heat affected zone is the area of material, in Wwivas to influence the structure of the basic
material due to high temperatures. During measun&neve monitored the size of heat affected
zone, in depending on the chosen unconventiondiodetf machining. Samples for metallographic
evaluation were prepared as follows. Sample thiskmé 6 mm on which was measured roughness,
were cut on machine frame saw samples under cantsintensive cooling - is therefore excluded
thermal effect on material by splinter division.bSaquently, they were pressed by the apparatus
MTH PR30 in bakelite, polished and etched in thep&ement of Materials Engineering. On
observation and subsequent documentation of mracistes was used NEOPHOT 32 microscope
with a computer program Lucia 5.0 scale. The thedsnof the heat affected zone was measured for
the objectivity of the experiment at five differdiotations, then these values were calculated the
arithmetic mean.

Material: EN ISO S235JR

Unconvential method of cutting
Laser 120
Plasma 340

Tab. 1. Size of heat affected zone.

Size of heat affected zone /um/
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Fig. 2. Microstructure of HAZ. Steel EN ISO S235JR. Mdigaition: 100x. Etched Nital 3%. Laser cut.

5. Conclusion

The issue of state surfaces created by thermal imaghprocess is very complex. There are
countless variables that affect the surface camdigind must be taken into account. Any change in
parameters will affect on the surface after thermachining. The aim of the experiment was to
compare the cutting laser ray and plasma ray mdef the achieved surface roughness and size of
heat affected zone. The roughness measurementsrelolv that only the thickness of the material
3 and 4 mm was achieved roughness Ra less by gudtser than plasma. The results of the heat
affected zone is clear that this area was by @qutaser ray less. The experiment showed a much
smaller thermal effect on material in the cuttiagdr ray.
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Abstract. Corrosion behavior of biocompatible Ti6Al4V titam alloy has been investigated by using
electrochemical impedance spectroscopy in Hanksiplogical solution for two modified states of
titanium surface. Based on the type and shape gtiidyydiagrams obtained from EIS measurements there
are assigned probable mechanisms of corrosioreicifspcorrosion system.
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1. Introduction

Titanium and its alloys belong to materials withryvligh biocompatibility. This material can
be widely used because of its low specific denstfficiently high strength, ductility, corrosion
resistance and excellent biocompatibility. Natuoaide layer formed on the surface of pure
titanium may consist of different titanium oxideiQR, TiO and TiOs), while the Ti6AI4V alloy,
which contains alloying elements as aluminum antadaum forms layer of AD; or V>0s on its
surface. Vanadium may cause changes in the kinetittse cell’'s enzymatic activity which could
leads to inflammation [1, 2, 3].

Titanium alloys have good corrosion resistancednmoat all saline solutions with pH from 3 to
11 (pH of saline solution is about 7,4). Corrosiate of titanium alloys in various saline solutions
is generally less than 0.03 mm/year. Titanium iscmaaically and chemically suitable for
orthopedic and dental implants, but there is ndogical activity that is necessary to join implant
with bone tissue. Many various treatments of sefaad been developed to improve biological
activity and osteoconductivity of the titanium irapts [4, 5].

The main objective of the presented work is theessm®ent of corrosion resistance of the
Ti6AI4V titanium alloy with electroerosive treatedrface.

2. Experimental material

Titanium and titanium alloys are non-toxic and wiellerated by the human body. Any of
implants must have a secure stability (20 yeard)iahogical fluids, which are composed of salt
solutions [6].

As experimental material was used Ti6Al4V titaniatoy, that is widely used in medicine,
with standardized chemical composition listed im th[6].

Samples were divided into two groups accordindhéotype of surface modification:

» group | — samples with untreated surface (baserrabté Ti6AI4V alloy),
e group Il - samples prepared from Ti6AI4V alloy wighectroerosive treated surface (at 29 A
discharge).

2.1. Microstructural analysis

Microstructure of Ti6AI4V titanium alloy (Fig. lajs biphasic. It consists of elongated
polyedric grains ofx phase (light grains with average grain size ~ @u2f) and off phase (dark
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grains with average size ~#n). Detail of the surface profile after the eleenmasive treatment is
shown in Fig. 1b. An average high of the modifiadace profile is ~ 190 pm.

Fig. 1. a) Microstructure of Ti6AI4V titanium alloy, etctién 2 ml HF + 8 ml HN@+ 90 ml HO [7] , b) surface
profile of electroerosive treated surface of TiGldlloy.

3. Evaluation of corrosion

Electrochemical characteristics were measured bygtreichemical impedance spectroscopy
(EIS) in Hank'’s saline ((8 g/l NaCl; 0,4 g/l KCI;,18 g/l CaCJ; 0,1 g/l MgSQ.7H,0; 0,06 g/l
KH,PQOy; 0,05 g/l NaHPO,.H,O a 1 g/l D-glucose [6]) at the temperature of teman body
(37°C). EIS method allows to determinate polar@atresistance of less conductive corrosion
systems, e.g. with sample covered by oxide layelarRzation resistance Rs the electrochemical
characteristic that characterizes the propertiesnaferial’s surface in the environment. Higher
value of polarization resistance means higher stwroresistance of the interface metal-electrolyte.
To measure the characteristics was used RadiorAetdytical SAS France, Voltalab 10 with a
measuring cell PGZ 100 and rotating electrode.dijpie of the involvement and measurement is
stated in the literature [8,9].

Times of free potential settlement of the samphesléctrolyte and frequency ranges are shown
in Table 1. AC voltage amplitude was 20 mV. The &@rce, which ensures the polarization of the
sample during measurement, was set to free potefiea settlement of the sample.

Time of settlement Frequencies
5 min 100 kHz — 5 mHz
land 2 h 100 kHz — 10 mHz
4h 100 kHz — 15 mHz
8 and 16 h 100 kHz — 25 mHz

Tab. 1. Times and frequencies used for EIS investigations

4. Results

Results of the electrochemical impedance spectpysfor samples with untreated surface are
shown in form of Nyquist diagrams in Fig. 2a. Ré&sudbr samples with electroerosive treated
surface are shown in Fig. 2b.

Process and method of calculating of polarizatiesistance and other characteristics is
described in literature [10,11]. Impedance spectoirthe alloy was evaluated by EC-Lab V9.32
using an equivalent circuit.
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Fig. 2. Nyquist diagrams of Ti6Al4V alloy
Results of the analysis of Nyquist diagrams atedisn the Table 2.
5 min. 1h. 2h. 4h. 8 h. 16 h.
Untreated
terial
e 132.1 649.7 768.8 1014 1387 2707
p
[kQ.cm?]
Treated
terial
e e 195.2 392.6 276.6 408.3 633.6 1189
p
[kQ.cm?]
Tab. 2. Values of the electrochemical characteristicsi6RAIV alloy with untreated surface in the Hanktion.

5. Discussion

Results show that with increasing time of expospatgrization resistance of interface metal —
Hank’s solution increase as well (tab. 2). Poldimaresistance increases for both, sample without
treated surface and sample with electroerosiveelesurface. Increasing of polarization resistance
is associated with increasing of the thicknessasfspre layer on the surface of the samples that is
created immediately after samples are drafteddotedlyte.

The most likely cause is lower stability and higirdromogeneity of passive layer caused by
residual stresses on the surface after electraerdseating. This can also leads to cracks in the
passive layer. During 16 hours of exposure, padion resistance increases to the value of 1.1
MQ.cn?, that is insufficient compared to basic materi@bnsequently, corrosion resistance of
sample with electroerosive modification of surfeeenore than half lower than corrosion resistance
of basic material.

6. Conclusion

Based on the results of electrochemical impedapeetscopy the following conclusions
were obtained:

* The value of polarization resistance increasesnduti6 hours of exposure for both samples,
basic material and sample with electroerosive nedlifurface. In case of basic material, value
of polarization resistance increases continuoudtly thme of exposure. In case of material with
electroerosive modified surface, value of polai@atresistance increases between 5 minutes
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and 1 hour of exposure. After, between 1 hour ahdufs of exposure it stagnates and after 8
and 16 hours of exposure increases again.

» The values of polarization resistance show thattelerosive modification of the surface leads
to its decrease in comparison with basic matenathis case, residual stresses generated on the
surface during and after electroerosive treatmeaiice not only its mechanical properties, but
also its corrosion resistance. Basic material reddfwo-times higher values of polarization
resistance (2,7 Ki.cn?) in comparison with material with electroerosiveodification of
surface (1,1 M2.cn).
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Abstract. Metallic materials, for example, stainless stéigdnium and its alloys, and tantalum are widely
used for medical implants in trauma surgery, ortlaafic and oral medicine [1]. Successful incorporatf
these materials for design, fabrication and apfiinaof medical devices require that they meet sdve
critical criteria. Paramount is their biocompaiilyilas expressed by their relative reactivity withman
tissues [4]. Another is their ability to provideffscient mechanical strength, especially under icyldading
conditions to ensure the durability of the medidavices made therefrom. Finally, the material sthdad
machinable and formable, thereby, enabling devat®idation at an affordable cost. Numerous clinical
studies of medical devices fabricated from comnagmmirity (CP) titanium for trauma, orthopaedic amell
medicine have proven its excellent biocompatibilitly

Keywor ds: machinability, biocompatible materials, biomedgin

1. Introduction

The material for dental implants is required taomompatible, mustn’t be toxic
and also shouldn’t cause allergic reactions. Ittrhase high ultimate strengRmand
yield point Rp with desirable low density and low modulus of atast E [2]. A
problem in the course of the development of metdiomaterials represents not on
their actual or potential toxicity but also thelleegenetic potential [3]. Sensitivity of
the population to allergens dramatically increages.allergy on metals is caused k
metallic ions, which are released from metals bghybliquids. Commercial pure cpT
“Tab.1l” stays the preferred material for dental leapions “Fig. 1”. It is desirable to
increase its other mechanical properties withouhgiseven potentially toxic or
allergenic elements preserving its low value of oiod of elasticity [2].

_—

Quality | C[%] Fe[%] [H [%] N [%] 0 [%] Ti [%]

Grade?2 |max. 0,08 | max.0,3| max. 0,015 max. 0,08 max 0,25 106

T

Grade4 |max.0,08 | max.0,5| max. 0,015 max. 0,05 max 0{4 10t

Tab. 1. Chemical composition of Ti based on ISO 5832 — 2
Fig. 1. Dental implant [5]

2. Machinability of Titanium Samples

Medical device manufacturers face tough challengé=ir customers are demanding ever
smaller, more complex parts produced with extrawdi accuracies from hardmachining materials
such as titanium. During the machining of titaniomaterials is very important the correct choice of
cutting material, tool geometry, cutting conditicarsd cutting environment.
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The Department of Machining and Manufacturing Tedbgy, University of Zilina,
supported by the grant agency VEGA, on the basiseselopments and the progress of new
materials and increasingly demanding requiremenmtadcuracy, we started by identifying the basic
technological conditions of machining titanium loyrting, using a replaceable cutting edges of hard
metal “Fig.3, Tab.2”, and intensification of cutiiconditions on machining cylindrical samples of

commercially pure titanium with a diameter d = 4 &mm “Fig.2".

b) saenpt TiGr4

Fig. 2. a) sample of TiGr2

I d S dl
DCGT 7,75 | 6,35 | 238 | 28 04
070204

Tab. 2. Dimensional parameters of the cutting

plateDCGT 070204

c¢) sample of TiGr

Fig. 3. Replaceable cutting edge DCGT 070204

In the experimental measurements were used dryra@maent as recommended by the

manufacturer of cutting tools designed for hardhitug, in order to avoid cracking due to thermal
shocks. After evaluating the results, kinetic, dyaand microgeometric machinability and also
machinability in terms of shape chip showed thatrttost appropriate cutting conditions for turning
titanium samples at a constant speed2200 m.miff, area, = 0,2 mm (depth of cuf)= 0,035 mm

(feed).
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Fig. 4. An example of cutting forces waveform elementish whe cutting conditions:,a& 0,2 mm, f = 0,035 mm, the
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Static values of cutting force elements for boté tutting edges with increasing feed were
rising. The biggest impact on the size of elemehtsutting forces is the depth of cag Replacing
the edge did not
significantly affect the
value of static force 16
elements “Fig. 4, 5. 14

Dynamic
machinability of
considered material did i
not depend on the type
of cutting edge.
Compared to the, 08
reference material g,
(TiGr2) the material
TiGr4 shows the class
better and TiGr5 equally o

machined “Fig. 6”. W TiGr2 REX MWTiG-2ER-SI mTiGr4 REX mTiGrd ER-SI mTiGrS REX mTiGS5 ER-SI

1,2

0,8

0,2

Fig. 6. Graphical representation of the dynamic machlitgluif compared materials

In point of view of cutting material was designatesl suitable cutting plate DCGT 070204
ER-SI (polished), which is much more resistanthermal shock in the cutting zone and has a
greater wear resistance of 70-80% as a cutting R&GT 070204 REX (coated).

TiGr2 TiGr4 TiGr5
REX
a)
mm ;’ >

(( 7

< 1

ina
REX h g

X
b) L

mm

ER-SI
c)
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ER-SI

d)

51

Tab. 3. Example of chip shapes, on which was measurenvahiaed.

The cutting edge DCGT 070204 ER-SI, as regardshiape of chip, in all experiments was
appropriate than plate DCGT 070204 REX. This iskisato the polished surface, which causes
more resistance material, and the better chip rairfdab. 3”.

3. Conclusion

On the basis of a grant from the Grant Agency VHOgpartment of machining and manufacturing
technology attempt to identify the cutting parameta nanostructured titanium as well as in
commercial pure titanium and compare them with edbbr, and thus continue to research material
for dental implants.
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Abstract. The paper deals with localization of cyclic pleiti in ultrafine-grained copper in gigacycle
fatigue regime. The studied copper was prepareedoyal channel angular pressing. The cyclic loaging
conducted at 20 kHz frequency. It has been fouad ttie cyclic slip bands do not appear well belbes t
fatigue limit, contrary to the conventionally grathcopper. Cyclic slip bands develop in “near-bigrmed
regions”. The length of the cyclic slip bands iegh regions exceeds substantially the average sjin
The density of cyclic slip bands in specimens, Whailed at 16 cycles, is very low. Observation of surface
relief and microstructure of cyclic slip bands byans focused ion beam technique in scanning etectro
microscope revealed the development of damage hblewurface extrusions which finally results itigae
crack initiation.

Keywords: gigacycle fatigue, UFG Cu, localization of cydbilasticity, cyclic slips bands

1. Introduction

Fatigue properties of conventional grain (CG) simgerials in low- and high-cycle region has
been studied very extensively since a long time= Kimowledge is described in a great number of
textbooks and review publications, e.g. [1, 2]hdids partially also for ultrafine-grained (UFG)
materials, which has been studied intensively sthedast two decades [3-5]. By contrast, fatigue
properties in gigacycle region (alternatively cdll@ltrahigh-cycle or very high cycle region) has
been studied to substantially lesser extent, thdaggue failure of engineering components may
appear after a number of cycles of%6r even higher [6].

Recent studies [7-11] concerning gigacycle fatigrehaviour distinguish two kinds of
materials. The first one called Type | includesepioc materials like copper. To the second Type I
belong high-strength materials containing micragtital heterogeneities. A bearing steel is
a typical example. These two types differ by medrarof fatigue crack initiation. In the case of
the first type, fatigue loading in gigacycle regicauses surface roughening and subsequent
persistent slip band or cyclic slip marking fornoati followed by fatigue crack initiation. Materials
of the second type most frequently fail by formiof “fish-eye”, which is observed around
heterogeneities in material interior, and subsegpeopagation of an internal crack. Up to now
performed studies of fatigue behavior in gigacyckgion were focused on CG materials.
Information on UFG materials is practically missing

The aim of the present work is to extend knowledgegigacycle fatigue of ultrafine-grained
Cu, namely on the localization of the cyclic plagteformation.
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2. Material and experiments

Testing material was copper of commercial puritP®f@% processed by equal channel angular
(ECAP) method. The number of passes was equabtptBe B route, i.e. after each pass through
the die the billet was turned over an angle of &@0hg the longitudinal axis. Chemical composition
of material is given in Tab. 1.

Jﬂ Impurity (%), no more than
Bi Sh As Fe Ni Pb Sn S @) Zn Ag
99.9% 0.001) 0.002 0.002 0.005 0.002 0.005 0/002040.00.05| 0.004 0.008

Tab. 1. Chemical composition of UFG Cu.

Cu, no less tha

Specimens with a diameter of 4 mm in gauge seetiere manufactured from ECAPed billets.
The gauge length of specimens was before fatigading fine-grounded, mechanically polished
and finally electropolished. Specimens were loadgleder constant stress amplitude in symmetrical
cycle on an ultrasonic machine with loading freqyeof 20 kHz.

Surface relief and microstructure of UFG Cu wenestigated by means of scanning electron
microscope (SEM) Philips XL30 and focused ion be@AB) equipped scanning electron
microscope TESCAN LYRA\FEG.

3. Resaultsand Discussion

Fatigue tests in gigacycle regime were conductedstepwise manner. The first specimen was
loaded with the stress amplitude of 100 MPa for@ttycles. No cyclic slip markings were found
by observation of the polished surface by SEM. Birly the subsequent loading of the same
specimen on the stress amplitude of 120 MPa fo#>x&6 did not result into formation of slip
markings. As lately as the stress amplitude readl3&dMPa cyclic slip markings appeared on the
surface and the failure occurred after next 5.18xy6les. The broken specimen is shown in Fig. 1.
A detail of the fatigue crack with cyclic slip mamngs can be seen in Fig. 1b. The examination of
the surface indicates that the density of cyclip slarkings elsewhere than near the crack is very
low.

a)

Fig. 1. a) Fatigue crack, b) fatigue crack with cycligpgtarkings in its vicinity.

Fatigue slip markings developed after loading wille stress amplitude of 130 MPa as
observed in SEM by means of secondary electronshemen in Fig 2. The same area, but displayed
by ion-induced secondary electrons, can be seerign2b. It is obvious that the surface slip
markings developed in the zone where the grey ashof neighbouring grains is low. This means
that the disorientation between grains is small thedzone can be called “zone of near-by oriented
grains”. The length of the cyclic slip markingsally exceeds the grain size, which is of 300 nm
(determined by transmission electron microscopyMJEn previous work of one author [5]).
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Further, it is evident that microstructure of UFGu @fter fatigue loading remained without
substantial changes in grain size and microstrageetained ultrafine-grained character.

Fig. 2. Slip bands observed by means of a) SEM, b) FIB.

Fig. 3 shows an example of SEM micrograph of a €lBperformed perpendicular to surface
slip markings. By reason of protecting the surfaees coated by platinum layer. After that the
material was taken away by focused ion beam. Tiginai surface with cyclic slip markings coated
by platinum layer is well visible in Fig. 3. Alsdné grain structure below the surface can be
recognized. No grain coarsening near is observadhé&r, small approximately parallel cracks,
arranged under circa 45° can be seen below thguatslip markings. These cracks can be
considered the nuclei of fatigue cracks.
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Fig. 3. Microstructure under cyclic slip markings.Fig. 4. Comparison of stress-strain diagram of CG and @G

In the case of gigycycle fatigue of GBpper it was observed [9] that slip bands are éakm
not only above, but also below a certain cycliesdr(strain) amplitude value - persistent slip band
threshold. Moreover, the slip band density increasih increasing stress (strain) amplitude and
the number of cycles. Nevertheless, failure dogsaaour even if slip bands cover the whole
surface; this slip activity is not sufficient togoluce fatigue cracks, which are able to grow and
result in final fatigue failure. The very high cgdatigue threshold for formation of persistenp sli
bands (VHCF-PSB threshold) [10] obtained for CGpmpisAc/2 = 45 MPa after 2.7xf0cycles.

It is expected that persistent slip bands and sonatlks are formed at even lower stress amplitudes.
This means that the cyclic slip activity in CG Gundispensable at stress amplitudes below the 0.5
of the fatigue limit. The behavior of UFG Cu sedmbe different. No slip activity was observed at
the stress amplitude of 120 MPa, whereas at 130 Mhc slip bands appeared and finally
resulted in fatigue failure of the specimen. Theorés here about 0.9. The explanation of the

131



observed behavior can be based on the differemcései shape of the stress-strain curves. Their
comparison is shown in Fig. 4. The plastic stranpbtude (measured over the whole gauge length
of the specimen) corresponding to the fatigue lihi€G Cu is of the order of Towhereas in the
case of UFG copper this value is substantially lowée corresponding part of the stress-strain
diagram is practically linear. The cyclic slip Idzation in UFG Cu takes place in the regions
below the cyclic slip markings, Fig. 3. The meclksamiconsists of dislocation activity in highly
localized regions of grains having the near-byrdaggon, generation of vacancies and finally in
formation of cavities, which are sites of fatigueak initiation. From this point of view the
mechanism seems to be similar to that reported bydiér [11] for CG Cu loaded in gigacycle
fatigue region.

4. Conclusions

1. The cyclic slip markings resulting in fatiguack initiation and fatigue failure appears in the
gigacycle region as lately as the stress amplinedehes 130 MPa. Below this stress amplitude
value no surface relief development was observed.

2. Cyclic slip markings, which are sites of fatigaeack initiation, are formed in near-by
oriented areas, which are zones of low grain mesdaition.

3. Length of the fatigue slip markings on the stefaxceeds severalfold the average grain size
of UFG Cu.

4. In area underneath the cyclic slip bands formities, which cause crack initiation of
material.

5. No grain coarsening after gigacycle fatigue ingavas observed by means of SEM or FIB.
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Abstract. This paper presents the relationship between aeparameters of paraffin tank applied in order
to store the excess of selmergy. The analysis has been conducted for sol@ctor system equipped with
the paraffin tank which supports warm water neemtsdomestic purposes. The temperature fall in the
storage tank has been calculated. Moreover the weater flux change in time has been analyzed.

Keywords: solar energy, Thermal Energy Storage (TES), P@asemge Materials (PCMSs)

1. Introduction

In the last 2000 years the world’s population #relworldwide total energy consumption have
been continuously increasing, reaching a point lictv conventional energy resources are running
short. The ongoing growth of the world’'s populatiamd a growing hunger for energy in
underdeveloped and emerging countries imply thaetiergy consumption would have doubled by
2050 [1]. Due to the fact it is essential to depelimprove and increase the standards and
efficiency of renewable energy sources consumption.

The most important of them is the Sun. Solar enetigat is radiation energy, have been
converted into heat or power and utilized in saallectors of different types in order to warm
water for use heating, central heating, water imswing pools heating and in some industrial
processes eg. water distillation, desalination isintection. Furthermore solar energy can be
applied in photovoltaic cells or in solar powerrita

In Poland, during the summer season, the avegatiation intensity is about 350W#j2]. The
total quantity of energy, which comes from thatrseuimplies the possibility to cater all demands
in the country. However, the most important reasdmy solar energy is hot commonly utilized, is
diurnal and annual diversity of its density. Theref it is the main barrier to the planned
exploitation. Furthermore the heating needs ardidgest in the winter, when the solar radiation is
generally slight.

In order to increase the solar energy consumptitsnexcess should be accumulated and
discharged in the intended time with the desiregtrttal quality. Periodicity of solar radiation
demands that the accumulating system is big entugtore the energy when the solar radiation is
accessible and works in case of its deficiency lsemthe Sun operation is low.

There are two main types of Thermal Energy Sto@@#S): sensible and latent systems. In
case ofsensible heat storage system, the energy is storextracted by heating or cooling a liquid
or a solid, which does not change its phase duhagrocess. Whereas the latent systems’ principle
is to change the material phase by applying the toet and therefore accumulates the energy of
fusion or vaporization.

Sensible heat storage systems are easier to @ro@ucthe other hand it is impossible to store
and discharge the energy at constant temperatuth. itd/ highest specific heat, water is the most
commonly used medium. Its most important advantagesinexpensiveness, non-toxicity, wide
availability as well as variety and flexibility afater system control [3]. However, there are also
disadvantages of applying water, such as freezogosiveness and therefore necessity to add
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some chemicals and the limit of temperature, wigabbliged to be lower than boiling temperature
(below 106C under ambient pressure) [3].

Other latent heat storage materials are allowddketapplied in systems with higher operating
temperature. These are oils or rocks and pebblgsedan insulated vessels.

Latent heat storage systems demand the applicatiarsuitable Phase Change Material (PCM)
in a desired temperature range. Applied materideulsl be chemically stable, non-toxic,
inexpensive and non-corrosive. Some of those reménts can be attributed to hydrated salts,
paraffin waxes, mineral and synthetic oils, fattyda and others. The latent heat storage method is
more efficient than the sensible one. In orderdouaulate 1MJ of solar energy, it is necessary to
employ 16 tons of water or 5, 3 tons of organic P@M

The most often used PCMs are paraffin waxes aaoliteg Paraffin is chemically neutral and
stable. Its melting temperature range is wides lpplied in heating systems to store solar energy.
The research is conducted in order to use it irsimguinsulation systems. The zeolites’ composition
is crystalline and porous. They employ the revéesdinemical and physical transformations with
the direction connected to the heat flux directgurch as sorption and desorption processes.

Except from heat, cool be also stored (CTES-Cd&S®)T In this case ice tanks and suspended
ice or PCMs with melting temperature below@5are used [5], [6]. All the systems are applied in
the air-conditioning systems in buildings. The isealiow the reduction of overall costs, with only a
small increase in total energy consumption if boid are operated properly.

2. Analysis methodology

A schematic diagram of the system for warm waterf®e supply by sun’s energy stored in a
paraffin tank is shown in Fig. 1. The proposedaystonsists of solar collector, hot water tank and
paraffin tank. During daytime, the heat tank ciatidn loop consists of a solar collector (solar
radiation receiver) 13 and an insulated hot watek tL8. When the solar radiation intensity is high,
the excess of energy is stored in a paraffin taakd transferred to the cold water.

A

Fig. 1. Schematic diagram of the hot water system withram#ector and paraffin tank

1-paraffin tank, 2-cold water system, 3-three wajve, 4-valve, 5-water drain, 6-collector liquidadr,
7-manometre, 8-expansion tank, 9-safety valve,drrol unit, 11-solar collector circulating pumg@-feturn
valve, 13-solar collector, 14-temperature sensbraitl-escape valve, 16-residential domestic hoewydt7-hot
water supply from the paraffin tank, 18-hot watetlkt, T- thermometer, K-collector loop
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3. Discussion

To calculate the temperature in the paraffin taskvell as the heated water temperature we should
use the energy balance. For the considered sysfféen,calculating the heat balance, we can write
the following formula:
UK,
T2 B tz — eleEpZ (1)
T,-T

where: B=Ty(t)-temperature in the paraffin tank-¢old water temperature;Jtemperature of

heated water in the paraffin tar r.nl -water mass flux, g—water specific heat, saparaffin mass,
Co-paraffin specific heat, U-overall heat transfeeficient, F,-paraffin tank pipe coil area.

The temperature changes versus time in (1) arepi@s in Fig. 2. The curves show paraffin
tank cooling time for different water fluxes — 0/% to 0,3 I/s. The volume of paraffin tank was
accepted as 400 L which allows to heat ca. 350 water. Additionally, the Fig. 2 depicts the
length of solidification process for each flux aslmas the time of both cooling and solidifying
processes of paraffin.
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Fig. 2. The diagram of temperature falls in a paraffin tank

The heat discharging process is the most efficddr@n maintained the constant hot water
temperature outlet, eg. 45. Therefore the heat balance for the tank was fieddand the
dependencies received are presented in Fig. 3.040at curves can be applied in order to
help to control the heat transfer, when the usenahels the constant temperature of hot

water delivery.
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Fig. 3. Diagram ofwater flux ina paraffin heat exchanger.

4. Conclusions

This paper presents the solar system with para#itk that allows obtaining the required
temperature even in case of low solar radiatioshortage of the Sun’s operation.

The presented Fig. 2 indicates that the paraffik ischarging process strongly depends on the
water flux. For higher water fluxes, the temperattalls faster, what means that water is heated
faster.

The Fig. 3 shows water flux for normative condisamhen maintained the constant temperature
of water 48C. It presents the water flux fall versus time atsd stabilization during paraffin
solidification process.

References

[1] REBHAN, E.,Challenges for future energy usagairopean Physical J. Special Topics 176, 200&3-s80

[2] SAMOILOV, D.V.: Systenfor hothouse heating during nighttime by solariedidn energy stored during daytime.
Chemical and Petroleum Engineering, Vol. 44, Ned.(® 2008

[3] ADEYANJU, A. A., MANOHAR K., Comparison of Thermal Energy Storage Technigesrnal of Engineering
and Applied Science 4(3), 2009, s. 221-231

[4] F. PARADELA, F., QUEIMADA, A. J., MARRUCHO, I. M.C. P. NETO, C. P., COUTINHO, J. A. P,
Modeling the Thermal Conductivity of Pure and Mix¢elavy n-Alkanes Suitable for the Design of PhasanGe.
MaterialsInternational Journal of Thermophysics Vol. 26, Hp2005

[5] RIVET, P.,Lod binarny: starwiedzy Chtodnictwo 4, 2007, s. 16-21

[6] STRITIH, U., RESNIK, D., BUTALA, V., Energy conservation opportunities of PCM free augplisystem.
University of Ljubljana, Faculty of Mechanical Engiering, Ljubljana, Slovenia

136



Transcom 2011, 27-29 June 2011
University of Zilina, Zilina, Slovak Republic

Heat Transfer Coefficient Components of the L arge Droplets of Water
in the Range of Film Boiling

"Tadeusz OrzechowskiSylwia Zwierzchowska
"Kielce University of Technology, Faculty of Civihe Environmental Engineering, Heating and Ventiati
Division, Aleja Tysiaclecia Panstwa Polskiego 733! Kielce, Poland,
todek@tu.kielce.pl, sylwia_zwierzchowska@op.pl

Abstract. This paper presents the estimation of the radiaéind convection component of overall heat
transfer coefficient between the hot surface aeddtloplet. The experiment has been conducted éolatige
droplets of the mass ~1g placed on the surfacérektdifferent temperatures: 291, 326 and°G53 he
calculated ratio of the radiation component reachetd 10 % of the total heat transfer coefficientase of
smaller droplets and it is considerably lower fimgk ones. Additionally, the absorption of thernaaiation

by water vapor has been taken into account.

Keywords: droplet evaporation, Leidenfrost point, film bodi regime, radiation and convection heat
transfer coefficients, spectral transmittance

1. Introduction

The minimum heat flux, commonly referred to the degifrost point, defines the beginning
point of a stable film boiling. A characteristicatere of this phenomenon is a vapor blanket, which
separates liquid medium from the heating surface.

Droplet evaporation has been investigated sincenidele of the 28 century. The reason was
the cooling problems, fuel feedings in rocket eegiand so forth. One of the first was Baumeister
[1, 2, 3] and Madejski [4]. With the use of energiyd mass conservation equations they gave
analytical solutions to describe the behavior single water droplet under film boiling conditions.

The set of the governing equations includes thatiad component of heat transfer coefficient
which makes it nonlinear and impracticable to blvexb analytically. It is worth mentioning to
mention that the value of that component dependf®msize of droplets, due to the geometry of its
top and bottom surfaces.

Thin vapor layer cushions a droplet from the hepsiarface. Spectral transmittance of infrared
radiation by water vapor is significantly differahian by the air [5]. Therefore, the radiation gyer
emitted by the surface is partially absorbed by \thpor layer. The result is the less energy is
transferred to droplet. The data of the spectrabdiance of water vapor, which shows different
levels of infrared radiation transmission, can loeind in [5]. For different heating surface
temperatures, thermal energy, which reaches taltbhglet in the radiation effect, is variable and
dependent not only on the surface properties, lsd an the properties of the water vapor
transmission.

The aim of this paper is to show the correlationwieen convection and the radiation
component of the overall heat transfer coefficiemt the example of the water droplets.
Experimental apparatus and methodology

Measuring system for testing a rate of drop evapmmrdrom the hot surface has been shown in
Fig. 1.

137



Fig. 1. The experimental set: 1 — droplet of water, 2llerdeating system, 3 —wrapped heater, 4 — theooyale, 5 -
electronic weight, 6 — infrared camera, 7 — digifainera, 8 — mirror, 9 — tripod, 10 — AC signalqassing
system/accusation system, 11 — autotransformer,ciinputer, 13 — voltmeter.

The investigations were conducted during one dégr daving the night electronic balance
stabilization. More than 30 measurement seriegdah of the three surface temperatures have been
carried out.

In the Fig. 2 the change of the droplet averaggltas shown. The results are given for three
different heating surface temperatures: 291, 326355C.

—o—T,5291°C
—o—T,=326°C |
T =355°C

w3

0,2

S

0,0 . . . . . s
0 100 200 300 400

Fig. 2. Average weight of droplet for the different sugaemperatures:§ = 291C, T, = 326'C, T3 = 355C.

The different slope of the curves indicates thatwaporization mass flux considerably changes
with the surface temperature of the heating basginD the experiment the temperature of the
surface and droplet have been registered on thepuw®m with the data accusation system.
Additionally, its mean temperature has been catedl&rom the thermal images registered by THV
camera.

2. Discussion

For the considered system we can write the follgvenergy balance:

dm

(ac +ar)(Tw _Td)A: _hfg E -

dm
U M
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where: a;, ar - convection and radiation components of the hemisfer coefficient, J -
temperature of the heating surface, -Tdroplet average temperature, A - area of thaplét
projection on the hot surfaceg h enthalpy of vaporization, dm/dt — mass flux—cheat capacity,
Ts - saturation temperature.

The radiation emitted by the heating surface systepartially absorbed by the vapor layer
underneath the droplet. In Fig. 3 the spectratifistion of the heating base is given. The radratio
emitted is dumped by the vapor which the spectsabgption coefficient is shown in Fig. 3b. Fig.
3c shows the resultant radiation which reachesltbplet surface after absorption.
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Fig. 3a. Planck distribution for the surface emissive pgwbr Spectral absorption coefficient for water vag@m, The
thermal radiation intensity of heating surface rafigectral absorption of the water vapor.

The radiation and convection heat transfer coeffits from the heating surface can be
calculated after determining all the necessary matars in equation (1) and the data of the
measurements. The calculation results are showigird and 5.
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Fig. 4. The ratio of convection component of overall heansfer coefficient for different heating surfaeenperatures.
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Fig. 5. The ratio of radiation component of the overatitheansfer coefficient for different heating suda
temperatures.

3. Conclusions

From the presented Fig. 4 and 5 outcomes thatenirtitial period, for large droplets, the
influence of radiation is negligible. However, fmaller droplets, it increases up to 10%.

Even if you ignore the absorption of thermal radiatby the water vapor, the radiant
contribution remains minor due to the vapor cushibinus, almost all the heat energy reaches the
droplet by convection.
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Abstract. Finding barrier materials protective propertiepassible not only with the help of instrumentally
very complicated methods but also with the helpetdtively simple devices using QCM detector wogkaf

as principle of a piezoelectric event. An advantaigeimplicity of usage not only instrumental blgauser-
oriented both hardware and software equipment & ainthe basic distinction of measurement device of
PIEZOTEST. This device is employed within NBC Deafeninstitute of the University of Defence for
finding protective properties of barrier materiated in Czech Armed Forces Chemical Corps spdsialis
individual protection.

Keywords: PIEZOTEST, barrier, lag time, normalization pertiega mass, normalized breakthrough
detection time.

1. Introduction

An expeditionary character of Czech Armed ForcegSAK) manpower and equipment
employment brings a possibility of operational eoyphent practically wherever in the whole
World. This important phenomenon of current timgngicantly touches CAF Chemical Corps
(CC) specialists within fulfillment their tasks lboth combat and non-combat operations conducted
on the Czech Republic territory and beyond it. Retdy new threats concerning recession from
massed usage of Weapons of Mass Destruction gesesiateal need of ensuring of high quality
CAF CC specialists in an environment where a chafi@ontact with Toxic Industrial Chemicals
(TICs) increases. These ones can be either a hpantaof territory industrial infrastructure oret
can serve as a tool for the assertion of interbgtselected groups of inhabitants. To CAF CC
specialists could fulfill tasks related to both itaily forces and civilian population protectionst
necessary equip them such devices which are knovagvance about their protective properties,
which are characterized by periods of a proteaifect against the permeation of toxic substances.
These properties have to be clearly interpretedime scientific community.

2. Waysof Finding of Permeation Influenceon Barrier Materials

A relatively great number of possibilities and wéwgsv to find up the barrier materials used for
isolative protection resistance exist. The Czecothfizal Norm [1] ofCSN EN 1SO 6529 (83 2732)
closely specifies so called analytical techniquened as a procedure whereby the concentration
of a chemical in a collection medium is quantitalyv determined. As available analytical
techniques the norm considers ultraviolet (UV) arfcared (IR) spectrophotometry, gas and liquid
chromatography, conductometry, colorimetry, atmesigch analytical detector tubes and
radionuclide tagging/detection counting. In a gahe&onception of analytical techniques it is a
probe which runs in a permeation cell divided i fparts. These parts are separated each other by
the researched material. In an upper part of tHahee constant concentration of researched TIC is
kept. Through the bottom part of the cell goew fbf a carried gas. This one washes an underside
of the researched material which ensures the agadtiwashing out streams of tested TIC in a
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bottom part of the cell. A mixture of both carrigds and permeating steams of the chemical is
afterwards carried away in a collective medium. @&mnount of permeation steams caught in the
collective medium is subsequently analyzed withhtekp of above mentioned analytical techniques
with the employment of specialized both instrumkem@tad software equipment. The usage of
analytical techniques is very inappropriate in dbods of CAF CC operational employment. An
inexpedience of their usage in conditions of adfielobile laboratory can be seen mainly from the
reason of:
= high costs of acquisition of devises;
= significant demands on service staff, and both ieea@f the necessity of using a complicated
laboratory equipment and also in terms of high deasabn training;
= necessity of ensuring of a significant number efigheral devices and therefore the need to
ensure that they have to be serviced, calibratddgassible repaired;
* huge demands on the size of working area;
= absence of a real use of the devices necessatlianalysis of permeating TIC. This need
exists in the stationary laboratory conditions, wehi¢ is often necessary to determine what
specific PCHL permeates through the barrier.

The device which significantly eliminates disadwagds of analytical techniques is called as
PIEZOTEST. This device uses QCM detectors for dietecof penetrating of TIC through the
barrier material. QCM detectors are quartz resoratdich register a change of a mass with the
help of a piezoelectric cut. Quartz Crystal Micriainges are piezoelectric devices which are able to
measure very sensitively mass changes with a nearmo-g@xactness [2]. For these detectors is
typical employment of AT-cut of the quartz with thasic frequency of 9 MHz. This one is simply
measureable therewith that 1 ng of TIC keepindhefdetector surface can be immediately detected
as a reduction of a crystal oscillation frequenathin 1 Hz [3]. The amount of the gaseous TIC
caught on a surface of detection surface of thstalys thus set. This surface can be made up from
appropriate either adsorbent or adsorbent. A sanfdetested isolative protective folio is placad i
the permeation cell and hermetically divided ibittvo parts. The first one is contaminated by the
tested TIC and the second one where the QCM detegtih a polymeric layer is. The
concentration of the TIC which penetrated through protective folio increases in the close area
around the detector. It penetrates by diffuse trassion in the speed of cm.rfirin a direction to
QCM detector. After that the TIC is caught in thetettor polymeric layer which causes its
frequency change. A frequency signal is subsequédithrough suitable interface into a computer
where it is recorded as an exact physical quaniibjs one is elaborated into a form of tables
(graphs) and it is assessed in accordance withealm@ntioned norm.

3. Some Ways of Evaluation of Barrier Materials Protective Propertiestowards
of Toxic Compound Permeation

Results gained with the help of either analyticabtiher methods are necessary to evaluate in
accordance with demands set in relevant norms.hy it is possible to achieve their unique
interpretation.

The resistance of constructive materials used dolative protection is possible to consider
based on various norms, for instance with the b&lpSTM (American Society For Testing And
Materials) F739 [4], in the CZ with the help of tBeech Technical Norm of EN ISO 6529 [5]. An
example of a particular application for transpooefticient finding up with measurement of a
permeation rate can be European Technical NormNof3E#4-3 [6]. These norms define systems
(permeation cells) for determination of barrier ematls used for isolative protection protective
properties and furthermore, specify values (quiasdifor evaluation of materials.
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3.1. Evaluation of Penetration Characteristicswith the Help of set Permeation Rate and
Normalized Breakthrough Detection Time

Breakthrough characteristics relative to particwalues of the permeation rate provide
information about the amount of toxic compound whmermeated through researched barrier
material on a given exposure surface in a unitimet From the value of the permeation rate
described in norms mentioned above in ugfanin® is evident its dependency on normed
permeated concentration whose achievement will ilemeach toxic compound constant, the area
that is different from the real area of contact &ndlly, the time needed for reaching of defined
concentration. Introduced dependency is, howe\aid wnly for measure systems which are based
on a principle of an open-loop, thus such probesnduthem the new (fresh) medium is fed
continually into a permeation cell measure chamfioerthe purpose of diversion of TIC and
afterwards it is analyzed and after it the medismat deployed in a measure system any more. A
schematic expression of penetrating (breakthroutime for method with sensitivity of
0,05 ug.crif.min™ respectively for method working with normalizatiparmeation rate equals 0,1
ug.cm®.cm’® is illustrated in Fig. 1. Due to defined breaktigh detection time relative to the
particular amount of permeated compound in a timereached to the principle elimination of the
influence of employed both detection and analytioathods for finding real breakthrough time.

For determination of particular value of permeatiate in the close-loop it is defined a term of
normalized permeation mass given by the nori®I ISO EN 6529 (83 2732). It is defined as the
time at which the permeation rate reaches the rizatian permeation rate of 0,25 ug.énor
2,5 ug.cnf. From this definition follows that normalized bkélarough detection time is established

within one of set normalization permeation mass.
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Fig. 1. Breakthrough time for defined permeation rates.

3.2. Assessment of Penetrating Characteristicswith the Help of Lag Time

The assessment of barrier material resistance thwéhelp of immediate reading of lag time
value seems to be very advantageous for CAF CQOalists. For determination of lag time it is
enough to simple construct the dependence of QCidctie working frequency in time by MS
Excel editor at the time till steady state pernwatiate has been reached. Within this method of
protective properties evaluation there is no needmibke relatively complicated mathematic
calculations whose real value is more commerci@ntluseful for operational commanders.
Furthermore, the method of lag time determinatioregya piece of immediate information about
the speed of barrier material protective propettiss and moreover, simply shows the time which
is needed for steady state permeation rate ach@mvienThe steeper is a part of a curve
characterized the constant QCM detector increasiagjuicker comes to loss of researched barrier
material protective properties after the first gest@on of TIC on its underside. This dependency is
also valid conversely.
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4. Disscussion

As mentioned above the method of QCM detection asemappropriate for operational usage
then analytical techniques. Its advantages carfrt®, the military-operational point of view, seen
in these [7]:

= objectivity of measurement. This one is given hyiaimal influence from on the part of the
human being;

= automatic measurement of observed values aftgpapggon and launching of measure
device;

= explicit evaluation of measurement results thupeddency of QCM working frequency
change on time;

= possibility of measurement of breakthrough timedevide scale of toxic compound,;

= good reproducibility of tests;

= experimentally very easy method with no too higtmdnds on managing of employed
instrumental, hardware and software equipment;

= minimal demands on other periphery devices indgalemands on working place equipment
and for their operation;

= chance to use various types of permeation celteerdependency of character of researched
material.

From the text introduced above is clear that datacerning breakthrough time enables
evaluation in several ways. For operational commaethe simplest and quickest one is a method
of making of a tangent line to a linear part of graph and its cross with an axis x and reading of
lag time. More information related to lag time heen provided in chapter 3.2 and it is evident in
Fig. 2 and 3. This way appears to be especiallymgp@te at the time when:

= permeation rate is so low that achievement of Qd&téctor working frequency on a level of
steady state permeation rate is reached in relptiorg time and thus a difference between
actual breakthrough time and lag time is negligiltiés perceptible from an example in Fig.
2;

= permeation rate is so high that achievement of Qi&kdctor working frequency on the level
of steady state permeation rate is reached inyaskanrt period of time. It appears in Fig. 3.
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Fig. 2. The example of possibility of actual breakthrouigiet evaluation and lag time based on their timendss in
case of the low permeation rate.
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Fig. 3. The example of actual breakthrough time evaluadiodh lag time based on achievement of normalization
permeation mass in the short time [8].

Practical application of the lag time deploymentdaick finding of barrier material protective
properties seems to be appropriate not only foicto@mpounds by which reaching of steady state
permeation rate is tied on relatively long time blso for those one whose permeation rate is very
high and thus very quickly comes to barrier mategratective properties loss due to considerable
swelling. In a practice life it means that diffecenof actual breakthrough time value can be
negligible with respect to achievement of steadespermeation rate within both low and high
permeating toxic compound (Fig. 2 and 3). From the of permeation rate constructed in
Microsoft Excel can be clear in advance that toiea@ment of steady permeation rate comes to
either in relatively long time or very quickly. Aalue of lag time can be tentatively considered as
the time corresponding actual breakthrough timeéhauit experimentally reached of steady state
permeation rate value. In this access it is sigaifily decreased the necessity of relatively useles
and purposeless saturation of QCM detector whosanauic layer needs relatively long time for
recovering of working frequency in a static stateust the time for beginning of another
measurement.

5. Conclusion

Testing barrier materials protective propertiesigigpermeation of TICs is a relatively new
matter and still not fully explored in army condits. In military practice, it seems expedient te us
methods for rapid, easy operation and easy handimbdisposing of evaluation without complex
mathematical applications. These methods with @BmEe of valid norms have to provide
comprehensible and mainly useful information fag fimal user who has to know how long their
protective devices will provide the protection fparticular TIC in both supposed and real
conditions. For the practice life it is not basihhem an amount of TIC permeates through
constructive materials thus when the absolute ddgsotective properties appears. Only a technical
knowledge of either the time of norm concentratiwrthe amount of TIC does not tell anything
about dangerousness of penetrating amount whetreedata will not be toughly connected with
toxicology information. Immediate both data cona@egna beginning of TIC permeation through
constructive materials and information concerningetin which the steady state permeation rate is
achieved have higher value for the final user therm values. They can be more designated for
commercial purposes. In this way it is necessagvaduate these values.
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Abstract. Article deals with experimental measurement ofrtied cycles and drilling strength at welding of
gas pipes. Measurements were realized directlgrireie at gas pipes translation. Used technologasit
pipes translation was system TDW Wiliamson.

Keywords: gas pipes, thermal cycles, drilling strength

1. Introduction

Natural gas transpoid its distribution by high-pressure transmissias gipes is the safest and
most used transport method natural gas at allatlige building is very important its safety. Téer
are situations at working conditions, when the nstauction of the gas pipe part is often needed to
overtake the accident, or there is needed repléd¢beoold used gas pipe parts by new one, or
facture the new gas pipe branches.

Experimental measurement of thermal cycles waszeshlin the real conditions at building.
~-Highway R1 in part Bansk& Bystrica, north bypads‘was natural gas translation VTL DN 300
in km from 3,5 to 3,8. At translation was used Trealbgy T.D. Wiliamson.

Technology T.D. Wiliamson is based on using ofrfgs and branches. Principle of technology
is creation of the parallel gas line with area eeded encroachment, deflection of transported
matter in the bypass, encroachment execution omgdkdine, return of medium transport through
execution area and bypass liquidation. Drilling ala$ing gas line by Technology T.D.Williamson,
is method, which enables repairs, reconstructitrasslations, canceling of branches, gas line
extension, lock exchanges, or damaged gas linenaxidspecific activities realized in full running
gas distribution system, eventually tanks with@yolff liquid and gas flow. This remains maximal
productivity of gas line during repairs and maimece, because it is not need to interrupt running
gas distribution system. From the economic side glistem more lucrative.
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2. Preparation of Experimental Measurement

For weld fittings and branches we used manual naetalvelding by coated electrode, because
of open terrain at welding. As welding power souvee used weld invertors. Filler metal basic
electrode of classified E 42 4 B 42 H5.

Layer on the gas line surface was needed to matkewtiswing out coated electrode, with average
@2,5 mm, in the range of welding power80-90A. maimeat inputl,0-1,5kJ/mm.Filling layers
were made by electrode of average @3,2 mm rangelding power 110-120A

At measurement thermal cycles we shoot aumiferential weld of closing fitting STOPLE
ANSI 300. At first was needed to make cutting anakb isolation on gas line on the places, where
was fitting welded and other additional componemisnext step install fitting and make two
longitudinal welds according to designed technaabiprocedure. Then were thermocouples
installed on fitting and gas line.

Fig. 2. Remote on the place, where fitting was installedjas pipe in cutting.

2.1. Installation of Thermocouples

For measurement of thermal cycles we used thernpbesuype K. Thermocouple type K is
compact of two conductors — nickelchrome and nicke$ possible for use in temperature to 1000
°C. Sensitivity is 42uV/°C. With this joint type (fillet weld) is not psgble admission from root,
therefore it is not possible to cover by measurdrttenarea of root layer.

We placed thermocouples nearest to the weld ogdkdine and fitting sic, that thermocouples will
be not a problem for welder at welding. We desigpeitht matrix 2x3 on fitting and one point on
gas line. This nest of thermocouples was placedigimnt also left side of fitting, so for both
circumferential welds. “Fig. 3”
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Fig. 3. Thermocouples located on fitting.
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For signal processing we used computer soévand A/D converters, which were connected
from other generator as welding power supply, gngdnachines and other electric tools. Thermal
cycles were measured at the same time on all Xhtwuples by sampling frequency 10Hz.
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Fig. 4. A, Thermal cycles flow from thermocouples T1 - T6 alding of first circumferential weld. B Thermal dgs
flow from thermocouples T7 — T12 at welding of fickrcumferential weld. (whole flow)

According to time behavior of temperaturepassible to deduce, that it is composite thermal
cycles, at once is possible to identify and numbgrelectric arc transition round place of
thermocouple installations, so number of layerse Taximal temperature on thermocouple no. 1
was 394,1°C inBlayer.

3. Determination of Deformation, Strength and Torqueat Drilling

In this section was done measurement of dedftions on selected technological component of
drilling ring to understand the acting strengths &orques in behavior of drilling hole in existing
gas line at generation parallel branch of gas I@e. drilling component for these needs were
installed tensometers and we measured deformatidniliing component. On flange surface were
definite 4 places (0, 1, 2, 3) removed abouf. 96 every place were installed 3 tensometers
(A,B,C). First in direction of flange centre lineecond upright on direction of flange centre line
and third inclined about 43rom direction of flange centre line.

We used tensometers of company Vishay, CEA-06-250120) system NI cDAQ with modules NI
9237. In second step we definited strengths argitoactuating on flange.

We can observe from figure 6 non-stationary stafudrilling process. At first sight the values
are not low, however they show dynamic effectseahhology part with weight around 1200 —
1500 kg.

Fig. 5. Location of tensometers on drilling component.
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Fig. 6. Course of drilling a hole in gas pipe and behawgfdneginning measurement of torque.

4. Conclusion

Because of limited range of article we pnésd only part of measured results at measuring
thermal cycles and part results at measuremenudoeand bending moments. Thermal input in
material at welding first circumferential weld wasound 2072 W, what is level of welding
procedure specification. From measuring resultfowlthat in spite of cooling effect flowing
medium through gas line, the small reheat rises @fslonger distance from welding area.

For identification of deformations and stresseslrdting, it would be appropriate to make
control calculation of fitting, with reflection aéxtreme dynamic values and obtained stresses is
appropriate to substitute on residual stressesuégatietermined by measuring were oncoming
about static values.
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Abstract. This paper deals with construction of milling mieh for production prototype moulds by
patternless method. In the paper is in short cuéntroned process of production prototype forms by
patternless method. This method significantly ceduthe time needed to produce the castings. In the
production of a castings by the method Patterrfessess don’t need pattern equipment, we are eliadn

the cost of production and storage facilities pateguipments. Therefore, the final cost price ré oast by

the this method ae significantly lower and lessetioonsuming than production which using traditional
methods of production castings.In the paper is alentioned choice type of construction usedhin t
construction of milling machine, linear systemsdigethe construction of the machine and also timoe

of motors. It is mentioned control program yet.

Keywords: patternless process, moulding mixtures, CNC maafimprototype casting

1. Introduction

Development of information technologies and glatation of capital created a dificult
competitive environments. Companies are contintrglyg to improve produced products. As
important factor is the product on the market rathan product from competition. The production
of castings is usually necessary a pattern dewihes price is often many times higher than price of
finished product. Outside the every introductiotoiservice are produced prototype castifigese
prototype castings are used to verify the operateraluation form, eliminate errors, or on
presentation. Models are mainly produced by handahining on CNC machines.

Gradually appeared on the market methods, which'dréquire a pattern equipment. One of them
is the method Patternless Process. This methodisagrtly reduces the time needed to produce the
castings. In the production of a castings by thehook Patternless Process don’t need pattern
equipment, we are eliminated the cost of productod storage facilities pattern equipments.
Therefore, the final cost price of one cast by tthie method ae significantly lower and less time
consuming than production which using traditionaltinods of production castings.

In production of castings are used several tyde€NC machine devices, which differ mainly
supporting structure and size of cultivated argasur case we chose a portal supporting structure,
after which the two sides move stands secure iraystraight lines, which provide movement in
the x-axis, is placed on them lead to ensure ailidesplacement in the y-axis. On this part of the
machine is installer a spindle with router, whicbypdes movement in the z-axis.

2. Patternless Process M ethod

Principle the method lies in fact that shape ofdast is milled into the block moulding compounds
without the use of pattern equipment. First, the@ED program generates a proposal mould, the
entire structure including casting inlet system &etls. Consequently, this proposal transfers data
to program CNC machine tools, which forms parthaf milled into the shape. On milling operation
are used a special 5-axis milling cutters. Througbtmilling is an important celection tool speed
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and feed rate, which influences the resulting s@rfeoughness mould. We may use one type of
instrument, or two types of instrument, one forglemg and second for finishing. For finishing
milling operation are used higher speeds than ieghing. Milled moulding mixture is
immediately sucks.

In the selection of moulding sand we must regaribua factors such as effect of gases and
other influences that operated form the mould gaditring filling with liquid metal, as well as the
solidification and cooling of the casting form. Alst is necessary regard think a mechanical
properties of moulding mixtures. The method of étatess Process used moulding sands of II.
generation, such as moulding sands with containghsijc resins such as furans moulding sands,
phenol formaldehyde moulding sands and etc. THaiof the created mould cavity is coating by the
substances, which are hindered the penetratioreftine invasion metal between the grains opening
material and which are hindered creation burnirsg-ifter treatment, the mould cavity protective
coatings, we can put together mould and we canepibur

With using the direct moulding technologies we paoduce a large range of castings weights
up to 200 tons. A typical applications for this had are the prototypes of all kind, lathe-beds, as
well as stands for special machines, beds for drigamps and valves and various components for
the production of machine devices. Biggest findnsiavings through production technology
Patternless Process can be achieved in the produstilarge and very large castings. In Fig. 1 is
visible cost advantages in using Patternless Psames the classical method.

Patternless process

cost savings

production costs

Pattem cots

1 Edge quantity
produced quantity

Fig. 1. Cost advantages in using Patternless Procesharndassical method.

3. Construction of Milling Machine for Production Moulds Made by
Patter nless Process

Design the milling machine with mobile portal artdtienary working table can be practically
unlimited. CNC milling machines can also be corg&d of different materials. They may be made
from plastic, aluminium or steel. We decided to akgninium profile, because aluminium has better
mechanical properties, better workability and denisitilize slotted system on assembly construction
Aluminium profiles are used in three sizes, 80x80,r80x40 mm and 40x40 mm. Profiles are show in
the Fig. 2.
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Fig. 2. Aluminium profiles used in the construction of Chilling device
a)profile 80x40mm, b)profile 80x80mm, c) profil&x#0 mm

3.1 Selection of Construction Type

In the selection of construction, which are usuiliding, are preferred two types:
* milling machine with mobile portal and stationargnking table,
* milling machine with stationary portal and mobilerking table.

For our proposed device was chose portalled catistinuwith mobile portal and stationary
working table. This construction is used for al@i®o of CNC machining centers. This construction is
advantageous because the total size of the proghactsdcan be virtually unlimited.

Portalled CNC milling machine consist of a struatysart, after which on the two sides move
stands secure travelling stands secure traveilweguil bearings, which provide movement in the saxi
on the it is installer linear bear which providewament in the y-axis. On this construction it"safier
router which provide movement in the z-axis.

The construction allows use a moulding frame hquard of a construction and thereby increasing
the rigidity of the whole system. Moulding framellvibe also absorb vibration during machining.
Estimated precision machining of the mould cawtinithe range + 0,05 mm. Size of machining area is
800x800mm and height is 250 mm. Construction optieposed device shown in Fig. 3.

t‘II
L}
I

1 a1
Fig. 3. Construction of CNC milling machine

3.2Linear Systemsand Motors

A linear motion system is composed of some typknefr bearing and the linear bearing guides.
There are a member of types of bearings and guedes) with advantages and disadvantages. A
complete linear motion system is a combination alrige system and linear bearing system, which
must keep the forces on the spindle and providagardinear motion with minimal friction. In our s
the linear motion is provided by ball screws witti@ameter of 20 mm and 5 mm pitch.

The size and type of motor can define a CNC roptecision, speed, and accuracy. In our
CNC milling machine are used stepper motors. Thppdr motor is a special kind of multipole
synchronous motor. In our case we used two-phappear motors from the Klavio Aft Company
with torque of 1,7 Nm. The strength of the boll@67 N, which accommodating our requirement of
cutting force. Linear systems with motors and sjtindle are on Fig. 4.

As the spindle cutters will be used three-phasadtich motor made by Teknomotor company,
type 3140. Spindle power is 18 000 rpm. Fig. Sasha milling spindle installer in a linear bearing-
axis.
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Fig. 4. Drives and linear rails CNC milling machine Fig. 5. Spindle installer in a linear bearing in z-axis.

As a tool in our case, we use different kinds adcgd cutters made especially to work with
moulding sands. These cutters are made from sfiik@shardly — metal. Slices from hardly-metal on
spikes tools are they convertible.

How control program will be used universal progrstach 3 CNC Controller, which can be
used for various control electronics. Program wvallbetailed set of data required to operate. The
program uses G-code and M-code, which is normaligun programming CNC machines.

4. Conclusions

This paper deals with construction of milling mawhifor production prototype moulds by
patternless method.The most common are CNC machssgned for machining technology. The
construction of these machines and their managesystéms allow relative movement between
tool and workpiece normally in three axes, withslesodification too more. 3D milling is succesfull
method in the production of 3D complex shape patrts.

The paper deals with the Patternless Method byingiithe mould cavity. Shortly is
describes the proposed structure, linear rails,orsoaind control system. Device is in stage
production, so the accuracy of this proposal will\eerified after its fabrication.
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Abstract. The aim of this work is to describe and explaiteinal damping on stress amplitude dependence
in an extruded aluminium alloy EN AW — 2007. Depemce was examined after recrystallization annealing
at the temperature of 250 °C. In the work the agialpf the internal damping caused by the dislooati
breakaways was done. This behavior describe GraadoLiicke model. The method of resonant system
guality was used to measure the internal dampimg. tRis method it is necessary to use a specimen,
frequency of which is similar to the frequency bé twhole resonant system. All experiments wereezhrr
out at the frequency around 20.4 kHz at the roanptrature.

Keywords: Internal damping, Aluminum alloy, AW-2007, Annewgli Dislocation

1. Introduction

Reduction of mass of mechanical constructions amdponents has belonged to stable trends
in modern progress for many years. Impulse in divisction comes from aviation and automotive
industry. Aluminium alloys have been already kndew decades and they are widely used in the
automotive and aviation industries. The growingiest of these industry departments for Al alloys
is due to a goal to reduce fuel consumption of easexhaust emissions. The properties that make
aluminium alloys the most economical and attractbrea wide variety of uses are appearance, light
weight, fabricability, physical and mechanical pedpes and corrosion resistance [1].

Vibration analysis is an important tool for the tgyss and material stress distribution own
frequencies calculation. By this technique one @atermine if the parts or whole components will
fill functions, for which they were made. One cdsoapredict results of dynamic loading, such as
dynamic strain, fatigue life or noisiness. Optinti@a of the internal damping of material through
changes in the structure is an effective way fortidling and limiting the vibrations amplitude.

[2].

Internal damping depends on many factors, suckrapdrature, purity, grain size, mechanical
and heat treatment of the material. TemperaturertdgnceQ ™" = f (T) is important for the
evaluation of the mechanical relaxation procesBesgress of dependen€e'= f (¢,) is a function
of many structural and substructural factors, dgpa of chemical composition, mechanical and
heat treatment of experimental material, overlagpmarious partially mechanisms from mechanical
dissipation of energy [3, 4].

2. Experimental details

2.1. Microstructure

The aluminium alloy EN AW-2007 was used for intdrdamping measurement. The basic
material was Al-Cu-Mg alloy with Pb addition for mfanability improving. Internal damping
specimens were machined out of extruded rods witheat treatment. The chemical composition
of this material is given in Table 1.
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The microstructure of experimental alloy consistssobstitute solid solutiomn phase and
intermetallic phases. In as cast state of matérialpossible to identify some intermetallic phase
primarily based on: Al-Cu (MgPb), ACu, Al-Cu (FeSiMn) (Fig. 1a) [5, 6]. The extrudedterial

has been deformed by very high speed. The plastarmation occur and new deformed structure
(fibrous structure) was created (Fig. 1b) [7].
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Fig. 1. Microstructure of experimental material EN AW-20@J as cast, non-etched, (b) as extruded, lonigalid
direct, etched HF.

Si Fe Cu Mg Pb Mn Cr Ni Zn Al
3.3- 0.4- 0.8- | 0.5-
AW-2007 0.8 0.8 16 18 12 10 0.1 0.2 0.8 rest

Tab. 1. Chemical compositions of AW-2007 in wt. %.

2.2. Internal Damping Method

The measurement of amplitude dependent internapatey(ADID) was done on equipment
used on the Department of Material Engineering. e¢hod of resonant system quality was used
for the internal damping measurement. On this egaig it is possible to investigate amplitude,
temperature and time dependence of internal damgiog this method it is necessary to use
a specimen, frequency of which is similar to thegtrency of the whole resonant system, which was
about 20.4 kHz. During the measurement, the resdnequency of specimen little decreased due
to the microplastic deformations. The resonantesysivas actuated by piezoceramic elements. The
vibration amplitudes of specimen were forced byding voltage amplitude and measured by
electric current in circuit. The experiment was tcolled by computer [8].
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Fig. 2. (a) Time course of experiment and (b) characterddDID loop for an experimental material AW — 2007

All measured cycles had the same fine determinegrpss. In Fig. 2 the time course of
experiment is presented. First, the stress amplitsdyrowing from zero up to the maximum load.
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At the maximum stress amplitude the specimen isl ief about 5 minutes. Last, the stress
amplitude decreases. Next measurement run follét®s 30 minute break due to the relaxation of
dislocation structures into steady state.

3. Resultsand Discussion

The ADID curves were measured after annealing € °Z for 2 hours). Fig. 3 shows
characteristic amplitude dependence loops measareycles. The annealing temperature 250 °C
was sufficiently high for removing residual stredger mechanical treatment and dislocation forest
relaxation.

Annealing at the sufficiently high temperature Isggificant effect on dislocation structure.
All slip systems are activated in material and ety activated dislocation transport also occurs.
At the same time the annihilation of dislocationshwopposite direction occurs. The Frank-Read
sources are removed due to shortening of the leoifgthslocations. After quenching at the room
temperature the relatively immobile dislocationeftris present in the material that does not
contribute to the internal friction and does nohgmte new dislocations. Preliminary deformation
of material is needed to create a balanced stricumobile dislocations.
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Fig. 3. ADID measurements on sample which was annealdeb&50 °C/2 hours.

Measured ADID curve has characteristic shape.,Rhstdamping is little decreasing, next it is
growing until the critical stress amplitudg, is achieved at which the microplastic deformatxdn
suitable oriented grains occurs. Next the dampsngrowing rapidly with deformation amplitude.
When the amplitude of vibrations is held constainé¢ density of dislocations grows up and the
dislocation forest saturates itself. The interreah@ing is falling down and critical stress ampléud
gcrz grows up to the actual amplitude of deformatidnsthe first cycles the increases of damping
was relatively small, because microplastic deforomatakes place only in some grains. In the next
cycles, the number of grains, where amplitude domeation overcomes the critical value,
gradually increases. The maximum of internal dagsrhigher too.

One can see the displacement of characteristioglea progress, which appears when
microplastic deformation is observed. This disptaest into higher deformation amplitudes was
linked with changes of dislocation forest structurbe structure of dislocation forest may evolve
beyond the critical amplitudg,, only. Dislocations become temporarily movable amel damping
is high. After some time the forest saturate agBienser dislocation forest is responsible for the
lower mobility of dislocations and lower damping.
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The damping at the beginning of the following cyidénigher than at the end of previous one
due to the higher mobility of dislocation after &keduring which the dislocation forest is relaxed,
dislocations are annihilating and the mobility rewing.

During the measurement specimens passed througldgbrocess. One run of measurement
takes about 700s which present 1,4xt@cles, at the maximum stress amplitude about Bx10
cycles. In the Fig. 3 the sample reached its fatifiie at the fifth cycle, during the saturation
process.

4. Conclusions

This contribution presents amplitude dependencernat damping curves measured on the
extruded aluminium alloy AW-2007 after annealingorh these measurements we can make the
following conclusions:

» The ADID curve after annealing at temperature df 26 was observed and described.

* The annealing temperature has significant influesicdislocations density, structure of
dislocation forest and also their mobility. Duriagnealing, the density of dislocation and
residual stress decreased.

* During measurement the displacement of charadtetisingle shape was observed. This
displacement is linked with the cyclic microplastieformation of experimental material
and increases with the critical amplitude of vilmase.,.

= Cyclic microplasticity does not influence the basiue of internal damping at low
deformations amplitudes. After break between mesmsants break the damping is little
higher than at the end of the previous cycle.

e« Specimens pass through fatigue process during mesasat. They were loaded
approximately 1x10cycles at each measured run.
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Abstract. This paper deals with application of Barkhausems@dor analysis of surface integrity in grinding
operations. The stress state is analyzed in raldtiotool wear. Application of non-destructive tegt
through the Barkhausen noise is more suitable fidong operations. Application of Barkhausen noise
testing for others operation will require the nesgearch.
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1. Introduction

Micromagnetic methods based on the Barkhausen rmoeseuitable for evaluation of surface
integrity. This method is based on the continuatation of magnetic field that results in to thexno
continuous magnetization of material. This disaoumty is named as the Barkhausen noise.

Barkhausen noise is damped with increasing detl. nhiain reason is the damping effect of
eddy current influencing electromagnetic fieldstleé moved Bloch walls. The Bloch walls rotate
under the external load to the orientation of mégn#ow. The compressive stresses decreases
intensity of Barkhausen noise and the tensile s&®s increase this movement
[1, 2, 6, 7] “Fig. 2". Hardness of structure infhees intensity of Barkhausen noise too, this
influence represents Fig.1.
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Fig. 1. Influence of hardness on character of Barkhausése [2, 3, 4, 5]
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Barkhausen noise is the suitable tool for invesiigaof surface integrity, especially for analysis
of the thermally induced damage. Surface integstyery important in the scope of finishing
operations on parts. And so, this paper is focused the application of
non — destructive evaluation of surface integtityptigh Barkhausen noise after grinding.

2. Conditions of Experiments

Experiments were carried out on the roll bearirglsi00Cr6 of hardness 62 HRC. There were
made the rings of external diameter 48 mm, intedieheter 40 mm and width 7 mm. These rings
were ground under the constant cutting condition®iations to cutting time, respective the related
removed material. Series of the 3 ring were ingzbetfter the certain passes of tool (these passes
relate to material removal and cutting time aré&ai. 1.).

time (min) 0| 25 7| 13 20 30 3§ 44
removed material (mM 2| 6,2] 19] 37 56 87 106 130

Tab. 1. Intervals of measurements of rings and relatetbked material

Grinding machine: 2BuD, Grinding wheel A 98 80 K9Wutting fluid — Emulzin H (2%), cutting
deptha, = 0,025 mm (10 passes + 3 spark out passes), fee®,v m.mirt, workpiece rotation
speed y = 0,44 m.miff, cutting speed,, = 28 m.§", single crystal diamond dresser. Analysis of
stress state was analyzed on 24 rings (3 ringegar 8 series) in 8 points on the periphery of the
rings. There was analyzed area of the envelopescoinBarkhausen noise MBN (related to stress
state of surface) and the maximum amplitude ofntiise MBN max (related to the hardness of the
rings). Except this approach the more complex etaln was carried out.

3. Experimental Results

The cumulative effect of hardness, stress and uakistresses was carried out through the
Barkhausen noise. Evaluation of envelope curvescaased out through the special software as
illustrates Fig. 3. This way more complex evaluatid Barkhausen noise character could be carried
out than the conventional evaluation (based on mam and area of Barkhausen noise envelope).
The parameters evaluated in the special softwatkaga are illustrated in Fig. 3 and their detall
description is in Tab. 2.

Parameter Description

AMH area of envelope curve

Mmax maximum of envelope

HcM coercive force on Mmax

PIM distance between He 0 and offset, Hc - coercivity is the intensitytbé applied
magnetic field required to reduce the magnetizatibthat material to zero

HWM width on effective maximum Mmax

Mmin minimum of envelope

Mmaxr maximum of curve after regression

AMHR area of envelope after regression

EfAMHR effective width related to the AMHR

SDA average value of signal variation after regoess

SDQ effective value of signal variation after reggien

SDz distance between the maximum and minimum ofadigariation after regression

Tab. 2. Some parameters derived from Barkhausen noissl@re
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Fig. 4illustrates than influence of grinding wheel toal mesidual stress. Residual stresses are
significantly increasing with grinding wheel todFi§j. 4” and the stress state can lead to formation

of cracks on the surface.

Fig. 3. Screen of the special software for complex ev@onaf Barkhausen noise
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Fig. 4. Influence of grinding wheel wear (representedéayioved material)on area of Barkhausen noise gfteding

Process of grinding wheel wear significantly affdetrmal load of surface. This thermal load
causes shift of surface hardness decreasing aficogEhnesidual stresses to the tensile zone. Fig. 4
show relative stable values of Barkhausen noisa apeto the value of V = 60 émAbove this
value, grinding wheel become worn and should beess@d. The next grinding leads to formation
of high tensile stresses and so increase of arBarkhausen noise. It can be easily understood that
this way surface damage can be easily identified).5, Fig.6”".
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4. Conclusion

The results of measurement show that applicatioBarkhausen noise is very suitable for
monitoring of thermally affected surfaces aftemdrng. Multiparametric evaluation enables more
detail analysis. Generally, conventional and dedadlyses enable to identify of surface thermal
damage in grinding operation. However, the conweewi approach can fail in other applications
such as hard turning. Hard turning process is nredtive operation to the grinding process. On the
other hand, character of this process is completéferent than grinding operation. And so,
formation of surface integrity and its charactempbetely differ from the grinding surface. Surface
integrity after hard turning significantly affectdt of all tool wear (formation of white layers time
surface). Fig. 7 shows that conventional evaluatibsurface through the area of Barkhausen noise
can be applied and so the more detail analysisldhmei carried out. This analysis and related
correlation research should determine the suitphatl@ameter for identification of surface damage
after hard turning or other similar operations. &ptcthis, it is possible to carry out the next
modification of experimental procedures such asluaton of Barkhausen noise in the low
frequency range, frequency analysis, modificatibexitation magnetic field, etc. to find suitable
process of surface integrity identification.
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Fig. 7. Influence of tool wear on area of Barkhausenaaier hard turning
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Abstract. This article deals with the measurement of surféemperature curves of exothermical
polymerization reaction of bone cements by meanghefmovision. Measurements were done with
thermovision camera FLIR SC640. We were observirgglione cement layer thickness influence to the
polymerization temperature and to the durationaymerization. Then we were dealing with the influe

of environment to the polymerization reaction. Bazement SmartSet HV was used as experimental
material.

Keywords: Bone cement, temperature, polymerization, thersiomi

1. Introduction

Bone cement is used for fixation of total endogresis in human organism. If such surgical
intervention is made by experienced surgeon respgtite level of current development that means
that people which were condemned to invalidityhe past are now after this intervention and after-
treatment able to return to normal life. Sincetfagempts in sixties of 20th century till presdaty
the bone cements had made great improvements ilitygaad also in quantity of different
modifications. Lot of workplaces are increasinghe world which uses bone cements to fixations
of total endoprosthesis every year. Therefore iqgiemple can use this unique conquest of modern
medicine [1].

2. Experimental material

SmartSet HV bone cement was used as an experinmeatetial in order to respect the fact that
it is most common bone cement in Slovakia. Contmysdf bone cement shown in Tab.1 consists
of two basic compounds (powder and liquid).

POWDER wiw % LIQUID wiw %
MMA/MA copolymer | 84 MMA 97,5
Dibenzoylperoxide 1 N,N-Dimetyl-p-toluiding < 2,5
Zr02 15 Hydroquinone 0,0075

Tab. 1. Quantitative composition (w/w %) of Smart®etlV bone cement [w = weight]

Bone cements consist of two basic compounds (powddrliquid). These two elements are
mixed by the procedure specified by manufactureoneB cement hardening is ensured by
polymerization reaction, which is highly exotheralicBone cements are used to fill the space
between bone and implant.

The main goal of bone cement is to transfer str&iosy implant to bone structure. Bone
cement layer is supposed to be stable to ensueefigation to bone. Maximal stickiness of bone
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cement to implants (prosthesis) and to bone shioellgained in ideal. Duration of application must
be long enough to secure sufficient time for plgcof bone cement into the bone and precise
location of implant for surgeon. Bone cement hatslgwer modulus elasticity than metal implant

but has sufficient stiffness and excellent biocotilydéy [2, 3, 4, 5].

2.1. Influence of Ambient Temperatureto Polymerization of Bone Cement

Manufacturers of bone cements provide the mixingatlon, waiting duration, working
duration and hardening duration in manuals addebotte cements. Basic components of bone
cement are mixed during mixing phase and thisassthrt of polymerization exothermical reaction.
Released temperatures were measured during wogkidghardening phase of bone cement. The
explanation of bone cement polymerization dependimghe time duration is shown in the Fig. 1.
Tamp IS iNceptive temperature of bone cement polymédrmaand its value is equal to the ambient
temperature. As we can see in the figure the palgaigon temperature at the end of working
phase starts to increase steeply. Time value igeegpd as half of difference betweegpyxnd Tmp
also known as application time of bone cement. Bmeperature after achieving,d edge also
known as polymerization peak temperature just gsg® DT- is time of cement maturing.
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Fig. 1. Curve of polymerization temperature dependingiioe t

Peak temperature values during hardening of bomeeedepend mainly on the PMMA/MMA
ratio and also on composition of liquid and solidneents of bone cement, also on the polymer
powder elements size. Polymer powder small peazls imfluences peak temperature of bone
cement polymerization in such way that if we redthee polymerized pearls size the ratio between
surface and volume of pearls will increase. Thenatwyder will dissolve more in monomer liquid
which causes increase of bone cement viscosity.eBoement viscosity increase leads to
Trommsdorff effect which causes heat transfer doaag that leads to peak polymerization
temperature increase and also the bone cementaipgt time will shorten [6,7].

Manufacturer states influence of ambient tempeeatto the hardening time. Ambient
temperature was measured during sample prepatagicause of this reason. Duration of all phases
from mixing to hardening were extending more andranaith ambient temperature lowering.
Higher the temperature was shorter the processungitidns were which was making the
manipulation with bone cement more difficult. Tlef$ect rules for all used kinds of cements based
on polymethylmethacrylates in surgical area. Witbréase of ambient temperature from 23°C to
25°C the total working time with bone cement wibsgen by two minutes. All the manipulation
phases with bone cement were shorter at the sameeatnd that is inappropriate for surgical praxis

[8].

164



2.2. Measuring of Temperature During Polymerization by Thermovision Camera

Thermovision camera FLIR SC640 used for temperatmesasurement is shown in the
{Fig. 2.a}. Image created by this thermovision camé shown in {Fig. 2.b}. Three different
thicknesses of bone cement were used (2mm, 3mmna).5Bone cement was after mixing placed
in prepared metal form, which secured precise dgiozis of measured bone cement. One of the
forms is shown in the {Fig. 3a}. Inner diameterroétal forms was 24 mm. Bone cement shown in
{Fig. 3b} is after hardening phase and after extracfrom metal forms. Dimensions of wall
thickness of measured bone cement were chosen deeaz#uthe possible presence of such
dimensions after implantation of implant.

a) b)
Fig. 2. a) FLIR SC640 Thermovision camera, b) Temperataege from thermovision camera on the meeting of
eleventh and twelfth minute of measurement of pelyration temperature.

Measurement of polymerization temperatures of bmermaent was done at ambient temperature of
20°C which was constant during whole measuringge®c

a) b)
Fig. 3. a) One of the forms used to measurement of paiyatéon temperature of bone cement, b) Hardenea bo
cement of extracting from forms.

Measured polymerization temperature courses ofviddal measured thicknesses of bone
cement are shown on Fig. 4. Sample temperaturenaiagery different from ambient temperature
within four minutes from the beginning of mixinggaess of basic components of bone cements (in
our case 20°C). Measured values of temperaturegeweded after fourth minute in tables.

We recorded maximal gain of temperatures (peak ¢eatpres) on the border of eleventh and
twelfth minute from the beginning of mixing proced¥scomponents for all measured thicknesses of
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bone cement. We are recording then after twelfthutei decrease of measured temperatures, which
means that the bone cement achieved full polymtwiz@f molecules strains.
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Fig. 4. Measured temperature curves during polymerizaifdrone cement with various thicknesses.

3. Conclusion

We came to conclusions that thickness of bone cemigongly influences polymerization
temperature values during measurement of surfagenpoization temperature of bone cement with
thermovision camera FLIR SC 640. We recorded pealpéeratures in the same exact time of the
meeting of eleventh and twelfth minute with allckness of bone cement which that thickness of
bone cement do not influence the polymerizatioration of whole matter. It is necessary to know
that bone cement mixed at the same time and fotmedrious shapes by means of polymerization
exothermical reaction will harden completely at game time. Polymerization temperatures of
bone cement in human body are significantly lowespecting temperature outlet by inserted
implant which is put into human body. They are atswered by inner circulation of blood, by bone
itself and surrounding tissue.
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Abstract. The paper shows results of experimental investigabn seal rings made of silicon carbide.
Experiments were conducted using seal ring witlsoutace modifications and a seal ring with a geoicedt
surface texture made with Nd:Yag laser, using &M tester.

Keywor ds: Geometrical Surface Texture, Friction ReductiondiBy Pair, Laser Surface Texturing

1. Introduction

Current technology has very high requirements &iability, durability and performance of
sliding friction pairs. For that reason new teclogi¢s were developed for forming and shaping the
micro and macrogeometry of sliding surfaces. Thlay he manufacturing of surface geometrical
texture became so important. Geometrical surfadetes are regular, repeatable micro geometrical
formations on the surface like micropores, groomesavities. The application of surface texturing
has influence on:

- reducing the friction resistance both during movenaad in rest state,

- widens the range of permissible values of frictimale loads,

- assures a lower temperature of friction node inganson to untextured one,
- restricts the wear and tear of friction pair eletaen

- can be beneficial with other wear types like foample with fretting.

2. Object of Experiment

The objects of investigation were two rings madsiliéon carbide (Fig. 1). One of them had a
micro surface modification made with Nd:Yag lasEne modification was regular situated round
shape micropores, each onautbdeep and with a diameter of gih. The proportion of summary
micropore surface to whole test ring surface we%.20he other test ring for comparison had no
surface modifications.

Fig. 1. Surface of a test ring with geometrical textuse= magnification 50x, b — magnification 1000x.
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3. Experiment M ethodology

The experiment was conducted in the laboratoryeodtéchnology in Kielce University of
Technology using the TO1-M tribological tester maeh(Fig. 2). The pressure on the rings was
exerted by a steel sliced sphere with diametenoh5

1\ \ /2

Fig. 2. Scheme of TO1-M tester: 1 —sliced steel sphere,dxerted presure, 2 — test ring,—Hriction force.

The experiment was conducted for two different #dpressures: 29,43N and 39,24N and
four rotary velocities: n1 = 720 rot/min, n2 = 6@%min, n3 = 500 rot/min, n4 = 400 rot/min. The
lubricant was stearine oil. The duration of singst was 1200s. Test were conducted 15 times for
each parameters set, then the results were averaged

4. Experiment Results

Average experiment results are shown on Fig. 4, Fgresents chosen results:

AFINI
a) untextured ring

3,

textured ring
P
n=500 obr/min t[s]

b) ‘Fgﬂ untextured ring

2]

%

textured rin g

P
n=720 obr/min t[s]

Fig. 3. Chosen results: a - force 29,43N, n=500 rot/mirfplce 39,24N, n=720 rot/min
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5. Conclusion

For each parameter set, the application of laséasitexturing had a beneficial influence on
reducing friction in presented sliding friction pai For the applied load of
29,43 N the friction reduction achieved 16% to 348f,oad 39,24N the reduction achieved rate of
22% to 46%. The result show that we can make ambigaous statement that application of
surface geometrical surface has a great and bealeafifluence on extending the life cycle and
exploitation parameters of sliding friction pairs.
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Abstract. In the article the subject to analysis was efficie assessment of technological draw used for
sheet piles rolling in period of 12 months. Fosthurpose there were determined individual timésafmur

and downtime) of rolling draw and quality levelmfduced products. On basis of measured and ctddula
times there were calculated TPM coefficients. Asesult of carried out researches it was found that
longest planned and unplanned standstill occumefbiirth month of research and was adequately 12360
minutes and 13620 minutes. In case of TPM coefftsi¢he most important of them was overall efficien

of rolling draw (OEE) and it reached value aboves88/hile quality coefficients (WJ) reached valubs\ae
97%. Based on carried out researches it was fdwatcetficiency of sheet piles rolling technologyhigh.

Keywaords: technology, rolling, sheet pile, TPM.

1. Introduction

Technology can be defined as a wide field of speapplication of physical sciences and
sciences about life and human conduct; it coversahole range of purely technical problems, and
also medical issues, agricultural, managerial ahdrptogether with all its material and immaterial
equipment [1]. Efficiency of technology has biglughce on company operation [2, 3]. In order
that company would operate well it must demonstnaib technology efficiency, which is realized
by various types of machinery and equipment. Systeat provides adequate conditions for
exploitation of machinery and equipment, is invalve both the period of their use and operation,
and gives us information about efficiency of these [1, 2, 4] is TPM Total Productive
Maintenancg system [5+ 8]. This system means creating thst lm®nditions prevailing in
department performing manufacturing process [9, &8]place where work people and technical
objects [5] and improving the overall workplace kifygd11].

Currently, World Class system requires very higlgureements of the individual TPM
coefficients, namely an aim at obtaining the follogvwalues of these coefficients:

- overall equipment effectiveness (OEE) at level 85%,

- availability (WD) at level 90%,

- utility (WW) at level 95%,

- quality (WJ) at level 99.9%.

2. Analysis of TPM Coefficients for Rolling Technology

Carried out researches of efficiency of sheet mléng technology refer to the period of 12
months. Sheet piles are sections of large dimessittiey find wide use in hydraulic engineering
for construction of various dams and land reinforeat, as channel piles, driven piles and sheet
piles walls interconnected with locks. Example aheecting sheet piles is presented in Fig. 1.
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Fig. 1. Sample sheet piles connection.

All measurements of work times of rolling draw toplace in industrial conditions during its
operation. Then, based on measured and calcula® fimes there were calculated TPM
coefficients. Researches results on times and Té&¥ficients are presented in Tab. 1.

(e) o —
—| 2 ~ < 2 o = =~
€| = a o= 2 =~ | o E— |5 ‘S a X £ —
e ~ o 8| E a ] s C |z = = < =X
c S — ) 2 = = N — — O [15 = O — = = o o,
=N = QO E £ S + O ; » < © = [} <5} ) ; = c =

o] = c o= < o w\ —_ o~ (@) f=—g ~—~ [} S
e = =] O & c 2 — Q= () D = O ; ) = o w
o| €£g | = g E| = E c o= | T8 |y S = © T |8 ]
S| SE| B9 =| 8 E 3] O~ S |lEx 8 25| E g E g2
o | GE|BL|Ex| SE| 5 | 82| PE LS| §X | = £ — o] gL

—d — fong)

& 0G| 22 B 25| £ sa |l aE|loed 20| < Q ¢ 1858
n | N C = | o [} T nw— |0 S 3 oA o o [ 210D
o | ek | 8 E | = = o = 9 [l e B = = = | 22| 0
C | = x g Hh| S | o T oV |ag & =2 = ) 2 |3 © O
= © = ] - = > o = = |4 — O () (@) = — C
© S 0o ber) [eRne} < N = E:_ o <= L)Q' s o o ] > =
S| 3 2 S S| Gk = =1 = |8 = 5) S |O ]
g = | E 58| 8~ | 3 > 8E |8 o 2 o o9
o | @ © n| = [ S5 |6 [} = = S <

£ o g o |a o 8| >

< < o D

0

44640| 6540| 168p36420| 95,59 | 82961 0,438 0,43
40320| 5760| 960 3360097,22| 73228 0,438 0,44
44640| 6120] 60Q 3792098,44| 82340 0,438 0,43
43200] 12360 126p29580| 95,91 | 63430 0,438 0,43
44640| 6420| 72Q 3750098,12| 83620 0,438 0,43
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43200| 6060 960 3618097,42| 79620 0,438 0,44
10 | 44640 6120[ 900 3764097,66| 83251 0,438 0,43
11| 43200 6000] 114036060| 96,94 | 81682 0,438 0,43 99,77 99,41,21| 1,31 98,694,91
12 | 44640 6000] 132037320 96,58 | 80009 0,438 0,44 99,32 94,3B,90 | 1,39 98,6[89,43

Tab. 1. Times and TPM coefficients for rolling technolofgy period of 12 months.

99,77 100 99{77 2,32 9BBA6
99,55 95,8%,46 | 1,39 98,6191,52
99,77 95,3%,11| 1,19 98,8192,51

100 93,923,92 | 1,78 98,2p88,48
99,77 97,897,67| 1,43 98,5/@4,46
99,55 96/496,03 | 1,33 98,6/@2,63
99,77 95,1,90| 1,51 98,400,71
99,77 97,196,89 | 1,52 98,4892,46
99,55 96/83%,39| 1,86] 98,1492,15
99,77 97,1%6,93 | 1,56 98,4493,19
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Based on data presented in Tab. 1, it was fount awailability coefficient (WD) reached
values within the limits of 95,59% + 98,43peration velocity coefficient (WPD) for researched
rolling draw reached values within 99.32% to 100%creached value of 100% for the four
researched month. Next from TPM coefficients - uke@iperation time (UCD) reached values
within 93.32% to 100%, UCD coefficient value of ¥00reached only in 1 researched month.
Utility coefficient (WW) reached values within thienits of 93.90% to 99.77%. Values of quality
coefficient (WJ) in researched period are withia limits of 97.68% to 98.81% (Fig. 2). The most
important among TPM coefficients, namely the ca#fit of overall efficiency of rolling
technology reached values within the limits of &&to 94.91%. The course of coefficient of
overall efficiency of sheet piles rolling technojognplemented by rolling draw in researched
period was shown in Fig. 3.
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Fig. 2. The course of quality coefficient for sheet pileésearched period.
On basis of Fig. 2 and Tab. 1 it was found thatltheest value (97.68%) was achieved by quality

coefficient (WJ) in the first month of research,ilhin other months, there was no considerable
decline in quality coefficient.
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Fig. 3. The course of overall efficiency (OEE) of rollitechnology used in manufacture of sheet pile iraeshed
period.

As it results from Fig. 3 clear decline in the valof OEE coefficient for sheet pile rolling
technology occurred in 4 and 12 months of resedrhls was caused by long unplanned standstill
(TA) and in 4 month the longest planed standsiifiet of rolling draw (PP = 12360 min.). In
addition, in four month of research useful opetime (UCD) reached the lowest value (93.92%)
in researched period, and in 12 research montHothiest value (93.90%) in researched period
reached utility coefficient (WW).

3. Summary

As a result of carried out analysis of times andMTEoefficients for rolling technology
implemented by rolling draw it was found that indival TPM coefficients reached the following
values:

- availability (WD) above 95%,

- utility (WW) above 93%,

- quality (WJ) above 97%,

- overall efficiency (OEE) above 88%.

Thus, the recommendations of the World Class didnmeet utility coefficient (WW) in 4 and 12
research months, in which it reached respectivalyas 93.92% and 93.90%. In these months the
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lowest values reached also coefficient of overtiitiency (OEE). OEE coefficient did not reach

recommended value. In four month there occurredldhgest time of planned standstill (PP =
12360 min.), in which there was carried out repaajntenance and regulation of rolling draw. The
longest time caused by failure (TA = 1680 min.) weed in first research month, which was
caused, inter alia, by damage to the cylinder sdeplacement. Next two months in which failure
time (TA) was the longest is 12 and 4 months oéaesh (respectively 1320 min. and 1260 min.).
In the four research month, unplanned standstilsewnainly related to the damage to the rolling
mill and extended reconstructions and replacemehtolling stands, however, in 12 research
month, unplanned standstills except rebuilding eelacement of rolling stands were primarily
associated with damage to several rolling standsliimg draw and roller tables.

Very high requirements of World Class system, aguality (99.9%) did not meet also quality
coefficient (WJ), which throughout research perthd not reach 99.9%. However, the value of
quality coefficient is at high level, in the finstonth above 97%, and in remaining 11 months above
98%.

Thus, recommended values did not reach utility fomeht (WW) in 2 research months and
throughout the period quality coefficient. Coeféioct of overall efficiency (OEE) of rolling
technology reached recommended values in the ee8earch period.

Based on carried out researches it was found tifiateacy of rolling technology used in
manufacture of the sheet pile is at high level,alvhineans work of rolling draw without very long
breaks and good quality of manufactured sheet.ditesrder to achieve even better values of TPM
coefficients must first be determined detailed scibe of maintenance and inspections of individual
rolling stands and motivate employees to precisdicaion of rolling technology parameters.
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Abstract. The paper deals with the investigations of infeeparameters of electrodischarge machining
(EDM) on the productivity of EDM process and shajgeiation of machining parts. BP-93L machine with
electronic generator type was used to perform EDdtgss. Kerosene was used as a dielectric. Duiiig E
process the parameters of current were permankatsfiape of electrode and way of passing dielesviie
changed. The following parameters were determipextiuctivity of EDM process and shape deviation.

1. Introduction

Electric discharge machining (EDM) is a manufactgrprocess whereby a desired shape is
obtained using electrical discharges. Materiakrmaved from the workpiece by a series of rapidly
recurring current discharges between two electroslgsarated by a dielectric liquid and subject to
an electric voltage. After achievement border eiecbreakdown follows between electrodes
voltage. The accelerated in strong electric fidietteon crash from atoms of center, causing their
ionization. Plasma channels with ions and electroresates. Temperature of plasma channels
achieves 14000 K. The energy of ions striking asudace of grid electrode heating it. Gas blister
about growing diameter round channel creates. Mgltf the object’s surface in result of local
growth of temperature follows local as well as partial vaporization. Intensive electric discharges
influence causes throwing out liquid metal, whicidify as an spherical balls. Discharges crater
creates as an final effect. The electrodes isa#tie tool-electrode, or tool, while the otheradled
the workpiece.

2. Experimental | nvestigations of the Technological Characteristics of
Electrical Discharge Machine

Experiment was performed by BP-93L (EDM process wase by electronic generator

equipped machine). Shape deviation investigatiomas performed by Laboratory of Computer
Measurements Size Geometrical in Kielce Universityechnology.

‘ monolithic electrode

nozzle

workpice

dielectric

Fig. 1. The diagram of EDM process whit monolithic elede.
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During the tests the following results have beetaioled: the influence of electrode shape and
way of passing dielectric on productivity of EDMogess, and shape deviation the round hole
performed by electro discharge machining (EDM).

The diameter of electrode was 12 mm. The speciméim&nsions was: diameter — 25 mm;
height — 25 mm. The specimens was made from haddsteel (145Cr6). Electrode was made of
electrolytic copper.

The parameters of current were permanent. Thesityeof current was 20 ampere, the time of
pulse duration was 150 us, the time of pause was The monolithic shape electrode was used in
first experiment “Fig 1”. Tubular electrodes wasd in second and third. The dielectric liquid was
injected in the second experiment “Fig. 2", andheiped off in the third experiment “Fig 3. For
tubular tools the dielectric was inside tubulactiede.

direction of dielectric flow
pipe

tubular electrode

workpice

dielectric

Fig. 2. The diagram of EDM process whit tubular electr¢gdgeriment 2). The dielectric is injected.

direction of dielectric flow
pipe

tubular electrode

gap
workpice

dielectric

Fig. 3. The diagram of EDM process whit tubular electréebperiment 3). The dielectric is siphoned off.

Number of | Time EDM Relative decrease mass of electrode to
experiment | process, min decrease mass of specimen, %

1 50.00 0.51
2 11.83 3.81
3 22.53 1.84

Tab. 1. The results of experiment
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Fig. 4. The graphic composition of results of measuremeetgation outlines the cylindricity for individualectrodes
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300
250 +—
200 +——
150 +—
100 +—
50 +—
0 | i—‘
monolithic electrode tubular electrode tubular electrode
(injected dielectric) (siphoned off
dielectric)

@ Total runout, um M Concentricity ISO, ym [ Concentricity DIN, pm

Fig. 5. Measured the deviation of outlines the cylindridity the hole in dependence from used electroddstenway
of passing the dielectric.
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Fig. 6. The example shape of hole for EDM process. Thedigt was injected inside tubular electrode. Tineent
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177



3. Conclusion

For the tubular shaped electrode time of EDM precess shorter than for monolithic
electrode.

When the dielectric was injected inside the tubwdbectrode the time of process was the
shortest.

Mass decrease of electrode according to mass d@ecifaspecimen was observed in first
experiment when the electrode was monolithic.

The biggest mass decrease was observed in thedsexpariment.

The shape deviation was the smaller for the EDMcgse when the dielectric liquid was
injected inside tubular electrode.

The shape deviation was the biggest when the elitvas monolithic.
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Abstract. This paper deals with an application of Acoustigi&sion for monitoring of tool wear during hard
turning of hardened roll-bearing steel 100Cr6. Tésults show that the signals of Acoustic Emissiad
some derived parameters can be applied for mongtasf deformation processes in the cutting zone and
process of tool wear. The Acoustic Emission sysiemapable to detect the specific character of chip
formation during hard turning and therefore canabapted for specific tasks associated with thisingut
operation.
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1. Introduction

Hard machining is a competitive finishing procesthwsubstantial benefits in many ca$gp
In  machining, hard and difficult — to machine matsr tend to localize
the heat generated due to the strain localizatiom inarrow band called adiabatic shear band.
Adiabatic shear banding [2] is used to describecalization phenomenon that occurs in the high
strain — rate plastic deformation processes suautisg. [3, 4]. Depending on cutting parameters
and workpiece material properties, cutting may egitlead to continuous “turning conventional
steels - Fig. 1” or discontinuous “turning hardesegkls - Fig. 2” chip.

Fig. 1. Chips after turning 100Cr6 (annealed), Fig. 2. Chips after turning 100Cr6 (hardened
REM, \; = 100 m.miff, f=0,21 mm 62 HRC), REM, y= 100 m.miff, f=0,21 mm

Investigation of a real intensity of deformatioropesses related to the specific cutting zones is
quite difficult and could be realized through ActeasEmission (AE). The AE non-destructive
technique is based on detection and conversioheasiet high frequency elastic waves to electrical
signals. The major AE sources [5, 6, 7] in a metdiing process are:

- deformation and fracture of work materials inathzone, tool-chip and tool-workpiece

contact,
- deformation and fracture of cutting tool,
- collision, entangling and breakage of chips.

The major advantage of using AE to monitor a maolgimperation is that the frequency range
of the AE signal is much higher than that of thechiae vibrations and environmental noises, and
does not interfere with the cutting operation [6].
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2. Conditions of Experiments

The experimental setup is shown in Fig. 3. Comnaéngiezoelectric AE sensors (D9241A -
frequency range of 20 to 180 kHz, WD - frequenaygeaof 100 kHz to 1000 kHz) by Physical
Acoustics Corporation (PSC) were mounted on theofape tool holder using. To maintain a good
propagation of signals from the tool holder to Hemsor, a semi-solid high vacuum grease was
used. During the experiment, the AE signals werpldied, high passed at 20 kHz, low passed at
1000 kHz, and then sent through a preamplifier gaia 40 dB to the signal processing software
package. All cutting tests were performed on theCQMthe. The signals were real-time sampled,
amplified, digitized, and then fed to the signalprocessing unit. The AE signals were post-
processed using AEwin.

Chuck

Workpiece Tail stock

<

O H

Insert —

Tool holder —————

PC and signal I
processing AE preamplifiers [ I Tool post

software ) AE sensor WD

AE sensor D9241A

Fig. 3. Schematic of experimental setup

AE sensor WD

AF sensor
-D9241A

=
[
i
l

Workpiece PC and signal|

Tool holder processing AE preamplifiers _

software

Fig. 4. Detall of sensor placement

TiC reinforced A}O; ceramic inserts DNGA150408 (TiN coating), rake
angley,= -7°

100Cr6 (hardened - 62 HRC), external diameter 56 imt@rnal diameter
40 mm, 125 mm long

Cutting condition: v=170 m.mifl, f = 0,09 mm, @= 0,25 mm (constant), dry cutting
Machine tool: CNC Lathe Hurco TM8

Cultting tool:

Work material:

Tab. 1. Experimental conditions during hard turning

3. Analysisof Results
Characteristic curve of flank tool wear can be sedfig. 5. In different stages are different

values of VB and in final phase is insert breakadgns transformation can be detected not only by
conventional method (cutting forces, etc.) but éflsough acoustic emission.
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Fig. 5. Characteristic curve of flank tool wear, witttfires of tool wear,o= 170 m.mir, & = 0,25 mm

Fig. 6 illustrates the character of AE signal obtgensors in the initial stages of the cutting
process “Fig. 6a,c” and in the final stage too “Fab,d”. First of all, it should be mentioned that
each sensor provides a different character of makid his difference is attributed to a different
frequency range for both sensors. Because of tmeseted chip formation the cutting process is
very unstable in relation to segments formatione Tgrevious studies investigated that the
segmentation frequencies lie in the frequency raofjel4 kHz to 90 kHz. Therefore these
frequencies can be detected only through the l@guency sensor. It could be viewed that the
relaxing character of a signal can be obtained utino the frequency sensor.
The character of plastic deformation during formatof the segmented chip is connected with
relaxation of stress in front of the cutting edghis relaxation process leads to the formation of a
crack in the near surface of a chip. This craclkpislongated towards the cutting edge and
transforms to the plastic deformation process is #one. The cutting zone provides two basic
types of signals. The burst type is associated th¢ghcrack formation in the shear plane and the
continuous one is associated with the friction detbrmation processes in the shear zone, tool —
chip and tool — workpiece contact “Fig. 7”.

“altage[my] vs Time(sec) <2

5000 H
mgjhﬁ_wlv.v_.N'.,_wu,'Lwm'_A_Jhﬂb,_u‘vww_mr( _}J\%ﬂ.u\_fm(wv_\p{r a) High f\r/equ i e Ontr:%/ rrs]ensor WD
-ZDIUu - DIUu 6 1UIDu 2UIDu

Voltage(mV) vs Time(sec] <2»

5000 i
; b) High frequency sensor WD
oo VB = 0,37 mm

| I I I |
-200u -100u 0 100u 200u

Yoltagelmv] ve Time[zec] <1

0 WWW c) Low frequency sensor D9241A
5000 VB =0 mm

I | I I |
-200u -100u 1} 1000 200u

“oltage(m'v] we Time[sec] <13

10000

o d) Low frequency sensor D9241A
VB = 0,37 mm
-10000-

I I I | I
-200u -100u ] 100u 200u

Fig. 6. Character of AE signal in the initial and firsthge of cutting process, ¥ 170 m.mifl, & =0,25mm
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Fig. 7. Cutting zone for hard cutting, la) microcracked ghaktically deformed shear zone, Ib) cracked megio
) tool — chip contact, IIl) tool — workpiece caut

Processes in zone Il and 1l “Fig. 7” can beeastigated and detected with the application of
the WD AE sensor, because the signals relatedetohiip segmentation (crack propagation) are out
of frequency range of this sensor. Segmentatioguiacies lie in the range of D9241A sensor.
These frequencies are associated with the crackafiton and its propagation in the shear zone.
Signal associated with a crack formation and itslgmgation in the shear zone is very strong
(amplitude of AE signals for all feed is on maxim@@0dB), generates the massive low frequency
and they are not sensitive to friction processémtae to plastic deformation in the cutting zone.
The initial stage of cutting process provides takxing character of AE of the low frequency
sensor. The significant changes in the tool gegnwgnificantly change the stress and temperature
state in the cutting zone. The chip becomes legmseted “degree of segmentation decreases, see
Fig. 8”, length of crack prolongation decreases defbrmation processes take a more significant
role. The regular character of AE signals (of D9®4&nsor) and segmented chips are suppressed.

a) VB =0mm b) VB = 0,37 mm
Fig. 8. Photos of chips in the initial and final stadeutting process,a= 170 m.mir, & =0,25mm
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The significant changes in tool geometry baninvestigated through some parameters of AE
such as RMS value or absolute energy (for bothashsThe massive breakage (transformation of
microchipage to macrochipage) leads to increadieein values “Fig. 9”.

The identification of such parameters as RMS vabuneabsolute energy of AE enables
monitoring of cutting process through the AE sig(aid derived parameters) under high cutting
speeds and cutting depths. In similar experimerits wer speed and cutting depth there was no
dependency between this signals and tool wear. Tdthtto new method — ratio of different
parameters from low and high frequency sensors.
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Fig. 10. Ratios of RMS and absolute energy of AE in fefato the tool wear,y= 170 m.mifl, 8 =0,25mm
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Fig. 11. Ratios of energy and signal strength of AE iatien to the tool wear,= 170 m.mift, 8 =0,25mm

The analysis of RMS and absolute energy ratiofigsva at Fig. 10. The maximums of these
ratios can be obtained immediately before the nsaoqic tool breakage with the following steep
decrease in the phase of the catastrophic stageobivear “Fig. 10, 11”. These parameters are
considered to be designed for the real time madngoof hard cutting through AE as the alerting
indicators of oncoming tool massive breakage. Gndther hand, steep increase in energy and
signal strength ratio is associated with the mawpie tool breakage and can be applied to
indication of this state “Fig. 11”.
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4. Discussion and Conclusion

The previous analyses showed that the investigatioratios of different AE signals (and
derived parameters) can provide more sensitiveubuty monitoring of hard turning. However,
some parameters enable process monitoring witheufiollowing processing “Fig. 8”. On the other
hand, the sensitivity of the following signal presiang (calculation of ratios) provide more sensitiv
tool for process monitoring (except for RMS andahbe energy of the low frequency sensor). This
experiments showed that acoustic emission appearsrg successful method for online tool wear
monitoring.
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Abstract. Article deals with evaluation of corrosion resigta of AISI 316L stainless steel. Temperature
dependence of original (after delivering from proel) and after sensitization heat treating specéegre
evaluated. Corrosion characteristics were measuitdg the method of electrochemical impedance
spectroscopy. The measurements were realized i RACI solution at temperatures of 20°C, 30°C, 40°C
and 50°C. Corrosion characteristic - polarizatiesistances of specimen surfaces were obtained dylar
regression from Nyquist plots.

Keywords: AISI316L stainless steel, electrochemical impeédaspectroscopy, physiological solution,
polarization resistance.

1. Introduction

Austenitic stainless steel constitutes the largsinless family in terms of alloy type and
usage. This is due to the good resistance of thterrabhto high-temperature creep and corrosion,
long-lasting, making thinner and more durable stm&s possible. It presents architects with many
possibilities of shape, color and form, whilst la@ same time being tough, hygienic, adaptable and
recyclable. Broad applications of austenitic sfeelconstruction of equipment working in various
corrosive conditions between cryogenic to elevatechperature range, require methods for
evaluating the mechanical properties of weldedtgiwhich frequently determine service life of the
structure [1-3].

As it is well known, austenitic stainless steelsgess excellent resistance to general corrosion
due to the formation of a very thin oxide layer5(lkm) called “passive film”. However, stainless
steels are not immune to corrosion attack. Locdliserrosion (pitting corrosion, intergranular
corrosion or stress corrosion cracking) can be ldpeel mainly in chloride-containing
environments [4].

Intergranular corrosion of austenitic stainlesglgtea conventional and serious problem during
welding and high temperature use (450-850 °C). @ienomenon that occurs in this temperature
range is the so-called as sensitization, i.e. chrondepletion due to precipitation of chromium
carbides (GrCg) at grain boundaries [5,6].

2. Experimental materials

As experimental material was used AISI 316L staslsteel and its normalized chemical
composition is in Tab. 1.

Experimental material was heat treated by soluiomealing at the temperature of 1050°C with
holding time of 20 minutes followed by slow coolimgthe furnace on to 800°C during 4 hours.
After that the specimen was annealed on 800°C ktting time of 16 hours followed by cooling
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in furnace on to 20°C. Main aim of described hegating is in material damage on microstructure
level.

Element Cr Ni Mo Mn Si S P C
Content max max max max max
o) | 160-180) 100140 203D %545 | 15 | 0015| 0.045| 0.03

Tab. 1. The normalized chemical composition of AISI 31[G[.

2.1. Microstructure Analysis

The microstructure of original material (Fig. 1)a®ated by polyedric grains of austenite with
average grain size 218n. In the grains are evident deformation twins, clharise during the
process of production by rolling [8]. It can be s@elot of line rectified inclusions and carbides.

Microstructure of damaged material (Fig. 2) is tedaby polyedric grains, which dimension is
3 times higher (67.@m) than grain size in original material. Conseqeeatwrong heat treatment
is segregation of carbides on grain boundariesregagjon of carbides caused decreasing of
concentration of major alloying elements (Cr, Ni)the matrix, which decreased the strength and
corrosion resistance of material. Stainless stéthl damaged microstructure is sensitive to several
types of corrosion. Especially dangerous is inyetalline corrosion because of its difficult
observation [8, 9].

"“'{, " 20um

20 um
h— - - ¥ —
ISI 316L SS - original Fig. 2. Microstructure of AlSI 316L SS — damaged

3. Resultsand discussion

Electrochemical tests were realized at temperatR@8€, 30°C, 40°C and 50°C in the 0.1M
solution of NaCl. Connection and measurement piads described elsewhere [10-12].

Value of polarization resistancg Ras determined by electrochemical impedance sysatipy
(EIS), which is better for the measurement of lamducted layers on the surface of the material.
Nyquist diagrams of imaginary and real part of iolgnece dependence are in Fig. 3 a Fig. 4 for
original and damaged specimens respectively.

From Nyquist plots (Fig. 3 and Fig. 4) it can betedmined the value of the polarization
resistance by circular regressions (the diametesemficircle is R value). Analysis results of
Nyquist plots are in Tab. 2 [8].
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Fig. 3. Nyquist diagram of original material

10

Fig. 4. Nyquist diagram of damaged material

AlS| 316L 20°C 30°C 40°C 50°C
original 72.4 49.1 29.3 31.7
damaged 4.7 6.1 6.3 5.8

Tab. 2. Polarization resistances(ikcn?] of tested materials in 0.1M NaCl at various tengtures

Specimens prepared from original material have driglorrosion resistance at all temperatures
of testing solution compared to damaged material.

Polarization resistance of original material isr@asing with increasing of testing temperature
between 20 and 40°C. Polarization resistance isoappately equal at testing temperature of 40°C
and 50°C. Three times decreasing of polarizatisistance is result of increasing of partially
reaction activity with increasing of temperaturaffiion of active components trough passive
layer is more quickly at higher temperatures. A& #ame time the activity of aggressive chloride
ions in testing solution is increasing and thereforobability of protective passive layer damage is
increasing. The stagnate of polarization resistdratereen 40 and 50°C can be result of corrosion
mechanism change or result of reaching of pari@attion limit speed.

Material with damaged microstructure has differerhperature dependence of polarization
resistance. Its value is not markedly changed witheasing of testing temperature. Polarization
resistance of damaged material at 20°C is aboutifids lower than polarization resistance of
original material. Results of the tests at 50°Cwslotimes decreasing of polarization resistance
between original and damaged material. Ability esgvation of the damaged material surface is
very low in aggressive media containing” @ns. It is probably result of ¢Cs carbides
segregation along the boundaries of austeniticngrait causes the decrease of chrome
concentration in solid solution and then lower itlo protective layer creation.

4. Conclusion

On the basic of metallographic analyses and elelotmmical impedance spectroscopy
measurements of AISI316L stainless steel in 0.1MCINat various temperatures we draw
conclusions:

» Microstructures of original and damaged materia¢saeated by polyedric grains of austenite.
Heat treating that is describing in article resuftsncreasing of grain size (about 3 times).
Moreover heat treating results in decreasing ofiiness of material and in carbides segregation
along austenitic grains.

* Heat treating (1050°C/20 min. + cooling in furname to 800°C during 4 hours + 800°C/16
horurs + slow cooling in the furnace) resulted ircnestructure sensitization and it has very
strong influence on corrosion resistance of matefiae original specimens have 14 and 6 times
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higher polarization resistances at 20°C and 50%paetively in comparison with polarization
resistance of damaged (heat treated) specimehs aatne temperatures.

Temperature of testing solution influenced the po#ion resistance of the original material
specimens. With increasing of temperature from 266C50°C the polarization resistance
decrease from 69,8Xkcnt onto 28,16 R.cnf.

Temperature of testing solution does not influetiee polarization resistance of the specimen
with damaged microstructure. The values of poléioparesistances between 20 and 50°C are
not changed.
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Abstract. The authors in this work publish experimental Hssabout ultra-high cycle fatigue of high grade
carbon steel obtained at high-frequency loading 20 kHz, T = 20 £ 10 °C, R = -1). The results confi
a continuous downward of fatigue lifetime and sceféatigue crack initiation in the ultra-high cyctgion.

Keywords: High grade carbon steel, ultra-high cycle fatigugh-frequency loading.

1. Introduction

Fatigue of structural materials is the dominantitiimg state; more than 90 % of failures are
caused by fatigue [1-4]. Fatigue failures can bseolable in the low — cycle, high — cycle and also
ultra — high cycle region. With the aim to proloting fatigue lifetime of machine components the
ultra — high cycle fatigue is studied very intem$ywvduring last ten years at high — frequency
loading (with the working frequencies about 20 ki p-14]. In this work are stated experimental
results from the region of ultra — high cycle faigof high grade carbon steel obtained at high —
frequency loading.

2. Material and experiments

The high grade carbon steel was used as an expaahmeaterial. This structural steel was heat
treated by the procedure consisting of austenitizaat 820 °C for 50 min, oil quenching and
tempering for 90 min at 450 °C (cooled on calm.d&gfore the fatigue tests, there were carried out
other experimental works — quantitative chemicallgsis, metallography analysis, tensile test and
after fatigue tests fractography with using SEMsdan LMU Il. The chemical composition and
mechanical properties are given in Tab. 1. The osicucture of steel after heat treatment is in
Fig. 1 and it consists of tempered martensite.

C Mn Si Cu Ni Cr P S R A
(MPa) | (%)

0.52 0.70 0.34 0.15 0.06 0.16 0.008 0.00% 952 15.7

Tab. 1 High grade carbon steel, chemical composition (@ght %) and mechanical properties.

The fatigue tests were realized with using methiogsauthors [3,5,13] at high — frequency
sinusoidal cyclic push — pull loading (testing fwegcy f~ 20 kHz, temperature T = 20 + 10 °C,
cooled by distilled water with anticorrosive inhidms, coefficient of cycle asymmetry R = -1) and
with using high frequency testing equipment KAUP-Zilina, SK [3,5,13]. Smooth round bar
specimens (10 pieces) with 4 mm in diameter grcamd polished by metallography procedures in
the central working part were used during the tagitests. The ultra high cycle fatigue lifetime was
investigated in the region from A1 cycles to N= 10° cycles of loading.
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Wi
Viewfield: 72.38 um  Det: SE Detector 20 um
SEM MAG: 3.00 kx Date(m/dfy): 03/24/11

Fig. 1. Microstructure of high — grade carbon steel, SEtdheNital.

Digital Microscopy Imaging u

3. Results and discussion

Results of high — frequency cyclic loading, the elggence of stress amplitude vs. number of
cycles are shown for the high grade carbon steé&lign 2. Fatigue lifetime is characteristic by a
continuous decrease of fatigue life withre@asing number of cycles in the whole regain

800

([ broken specimens
O unbroken specimen

700 —
600 —
500 — o
400 —

300 aNCY

200 \HHH‘ | \HHH‘ | \HHH‘ | \HHH‘ [
1x10° 1x10" 1x10°® 1x10°

Number of cycles N
Fig. 2. S — N diagram, high grade carbon steel, high guieacy fatigue loading.

Stress amplitude [MPa]

fatigue loading. The difference o, ~ 150 MPa (18 < N < 10 cycles of loading) what is
comparable with results of authors [8-14] whichestaalues from\oc, =~ 20 MPa toAc, = 200 MPa
(higher values were experimentally obtained at htfength steels or at surface strain hardening
steels). The surface fatigue crack initiation, Bagnd Fig. 4 was observed even despite of the fact
that surface has not a decisive role in startinfatiue degradation mechanisms in the ultra — high
cycle region (in the ultra-high cycle region, thgbsurface crack initiation is mainly observed,
structural heterogeneity plays a very importafd, “fish eyes” are created and as an it
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VEGAW TESCAN SEM HV: 30.00 kV WD: 14.35 mm
: Lonnti]
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View field: 3.93 mm

View field: 1.09 mm Det: SE Detector 200 ym
SEM MAG: 55 x Date(m/dfy): 03/24/11 Digital Microscopy Imaging u SEM MAG: 200 x Date(m/dfy): 03/24/11 Digital Microscopy Imagingn
Fig. 3. Surface fatigue crack initiation Fig. 4. Detail of fatigue crack initiation detail
0a= 450 MPa, N = 2.3 x T@ycles. 0a= 450 MPa, N = 2.3 x T@ycles.

‘\ 4 1 w' Ea P 1 g &
SEMHV: 3000 kv WD: 11.01 mm Lot VEGAW TESCAN
View field: 310.2 ym Det: SE Detector 50 pum -
SEM MAG: 700 x Date(m/d/y): 03/24/11

SEM HV: 30.00 kV WD: 11.08 mm VEGAW TESCAN
View field: 72.43 ym Det: SE Detector 4
SEM MAG: 3.00 kx Date(m/dfy): 03/24/11

Digital Microscopy Imaging u Digital Microscopy Imaging n

Fig. 5. Detail of stable crack growth, Fig. 6. Boundary between stable and unstable crack
0a= 450 MPa, N = 2.3 x T@ycles. growth,s, = 450 MPa, N = 2.3 x I&ycles.

places serve inclusions, microdefects, shirinkages; small grains, long grain boundaries and so
on [15-18]). After surface initiation, the crackogrs under stable conditions through a large part of
the cross-section, what is shown in Fig. 5. Whendtoss-section becomes very weak, the crack
passes from stable growth to unstable growth aseambserved in Fig. 6. For the rest part of the
cross-section is characteristic a ductile fractwith dimple morphology (upper right corner in
Fig.6) [17,18].
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4. Conclusions

With regards on the obtained data we can pronofatiosving conclusions:

- the S-N curve has a fluently decreasing charaotevhiole studied region of loading cycles
number,

- only surface fatigue crack initiation in the ultregh cycle region was observable,

- the results about fatigue limit refered to numbkcyzles from N = 18 cycles to N = 10
cycles are overestimated and non-fulfill the demainliability and safety,

- the value of “fatigue limit” at N > 10cycles (for steels and cast irons) can be deter@ih
only as conventional value related to specified benof cycles.
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Abstract. In this work the authors present knowledge abatigjfie properties of S235J2 steel in the ultra-
high-cycle area of loading (N = 6x16 10'° cycles) obtained at high-frequency fatigue testfrrg 20 kHz,
T=20+3°C,R=-1).

Keywords: S235J2 steel, fatigue, ultra-high-cycle.

1. Introduction

Fatigue resistance is one of the most importanineegng properties, that plays a significant
role in machine design, because of a fatigue isealgminating fracture mode of load-bearing
machine parts. Fatigue testing is usually perforneedstimate the relationship between the stress
amplitude and the cycles to failure-ll curve). Majority of published experimental workisows,
that the number of cycles of stress that the noatalendure before failure increases with decreasing
stress amplitude and for some engineering matdhals-N curve becomes horizontal at a certain
limiting stress known as the fatigue limit or eralure limit. Below the fatigue limit, the material
will not fail in an infinite number of cycles [1Jp to date researches gives some arguments, that
this representation of the fatigue resistance dabadrue, because infinite fatigue endurance does
not exist. Fatigue strength in the long life regismot a constant value, but it henceforward sjowl
and in some cases evenly rapidly decreases. Fatigagn based on the usual fatigue limit
(Nf = 1.10 - 1.10 cycles) cannot provide the safety design dataexfrranical structures [2].

In this work there are published results abougtsdilifetime of S235J2 steel obtained at cyclic
loading at gigacycle regimes of loading. Obtainesutts will be used in the process of selecting
material for semi-trailer using generalized objeetfunction. Ideological scheme of the general
objective function method presents Figure 1. Théhowcan be found in the paper [3].

" DETAIL OBJECTIVE FUNCTION d,

INPUT y, (economical factors)

DETAIL OBJECTIVE FUNCTION d,
INPUT y, (technoloy factors)

DETAIL OBJECTIVE FUNCTION d,

INPUT y, (fatigue properties)

U e b

DETAIL OBJECTIVE FUNCTION d,
INPUTY, [ [—*

d NOILONNA JAILOArd0 TVHIANIO
A s3NTVA LNdNI 40
NOLLYINILST “¥39INNN TVLOL

Fig. 1. Scheme of selection function general method.
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2. Material and experimental procedures

The S235J2 structural steel of common quality wesduas an experimental material. The
chemical composition of the steel is introducedlab. 1. From the experimental material were
prepared specimens for mechanical tests and spesifoefatigue tests.

Chemical compositions [%]

C Mn Si S P Cr Ni W B
0.18 0.52 0.11 0.032 0.014 0.07 0.09 0.012 0.0001
Cu Mo \Y, Ti Al Sn N Pb As
0.28 0.01 0.001 0.001 0.003 0.001 0.0065 0.002 0.001

Mechanical properties

Yield strength Re Tensilestrength Rm Elongation Notch impact test
[MPa] [MPa] A5[%)] [J]
255.0 440.0 29 27

Tab. 1. Chemical composition and mechanical propertiess323teal.

The results from metallographic analysis are showtine Fig. 2. For metallographic analysis
was used light metallographic microscope NEOPHOT B2e experimental steel has ferritic-
perlitic fine-grained microstructure (Fig. 2), widrain size 10 (classified according to Slovak
standard STN 42 0462). Tensile test (according TN EN 10002-1) was performed using
experimental universal mechanical testing machMd@K Z 50 (with loading range F= 0 + 50
kN, temperature T = 20 + 2 °C). For tensile testseanused round standard specimens with diameter
Do =6 mm.

For fatigue tests was used experimental equipméttiZU Zilina. Used testing methods and
procedures are described elsewhere [1, 5]. Theriexpeats were carried out on resonant high-
frequency fatigue machine in the regime of contlload using sinusoidal tension-compression
loading with the frequency of 20 kHz. The stressoraf R = -1 was used. Fatigue tests were
performed at the ambient temperature (T = 20 £ 3 Specimens were cooled by distilled water
with anticorrosive inhibitor. Specimen shape antheafision were determine according to the
Salama and Lamerand technique [4]. The detailsgotmiy about methods and procedures the
fatigue high-frequency parameters measuring cdoue in the [5].

The fatigue tests, dependenge= f(N), were performed in the range from N = 6%&gcles to
N = 10" cycles. Fatigue tests were aborted in region ef '™ cycles. The results of fatigue tests
are shown in Fig. 3.

Fig. 2. Microstructure S235J2 steal.
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Fig. 3.7 Fatigue durability, S235JRG2 steel, high-frequefatyjgue testing, f= 20 kHz, T=2Q, R= -1,
N>10'.

Aapplied amplitude stress lowered fromas = 270 MPa (fo\; = 5,710" cycles) tog, =
160 MPa (forN; =1,310™ cycles), which gives the difference in amplitude, = 110 MPa. In
general we can say that pressure amplitude isdstleasing together with growing number of
cycles to increasing failure over conventional egdimit (Nc =110° + Nc =1010" cycles - typically
used range of cycles in order to determine fatligug oc)) [6, 7 ]. This fact is very essential due to
reliability and safety of machinery and equipmetit [

The fractographic analysis which was carried outm@ans of TESLA BS 343 (SjF, ZU).
Fatigue scrap material of sample can be classd®drans-crystalline plastic in which there is
residual zone (for breaking) (Fig.4) it consistmast exclusively of fields with range lines (Fig. 5
Quite often there occurred large non-metallic is@uas (Fig. 6), but did not affect either initiatio
or propagation of fatigue cracks.

Fig. 4. The transition area between fatigue Fig. 5. The characteristic appearance of fields
and ductile fractureg, = 235 MPa, striation,o, = 185 MPa,N =4,8a10° cycles
N =7,2410 cycles
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Fig. 6. The local occurrence of nonmetallic inclusioms= 185 MPa,N =4,8610°cycles

3. Conclusion

As can be seen in Fig.3, the stress amplittidelecreases together with increase of cycles
number N beyond conventional fatigue limit & 10’ cycles. In the case of specimens made from
S235J2 steel the stress amplitude decreases Abat80 MPa (in the range of N = 8x10. N =
10'° cycles). The analogical knowledge was observed bl other authors [8,9] for chassis
materials of lorries. Manufacturers of modern tsuslemi-trailers are increasingly being forced to
give with high accuracy the period of safe operafit¥]. Use of high frequencies of load enables to
specify this period, and also use of data to dgwveeneralized objective function of material
selection for individual structural elements ofcks semi-trailers.
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Abstract. Arc welding often brings anomalies from normal fings arc caused by various factors.
Subjectively valuation these anomaly is possibidize near manual welding, where lonely weldeuiige
stability arcing too. Near mechanical behavior égdhed these defects analyze, evaluate and acchrnoplis
interference with control system adjustable deviicgou like welder robot, eventually of electriagameters
welder generator. The paper is dedicated to thepitation of a complete welding department and a
monitoring system suitable for the detection ohteaogical defects during online and offline welglidfter

the proposed technology and simulation defects;cagh to assessing samples using standard devattbn
the mean welding current and welding voltage inafig pulse transfer.

Keywor ds: Monitoring, simulation, technology faults, diprisier, GMAW welding.

1. Introduction

Present monitoring systems as ADM Il (Arc Data Monlll) or Weld Monitor 4.0 etc. are at
high level. Voltage, current and other processagare measured, displayed and compared with
preset nominal values. If the difference firmly eatthe actual values exceeds the selected lineit, t
alarm is started. Selection limits for the parametevery important in the design of detection
algorithms. There are two contradictory requireraghait must be deliberate. The first requirement
is to choose limits not to make false alarms, tmergence of a situation which occurs in welding
and do not affect the welding process itself. lis tase, the detector should was not allow stoping
the welding process. On the other hand, the "switgnof the detection limits reduces the
likelihood of detecting these errors.

2. Monitoring of Welding Process

Monitoring of welding parameters compound weldingrkvon is provided with two measuring
systems. The basis of both is contactless curmattepPAC 22 and voltage probe HZ 100. Scanned
analog signal is further processed and digitalit@dugh a digital oscilloscope ETC M621 or
through A / D converter NI6008. Block diagram oéthow of signals from the welding source to
the PC is shown in Fig. 1.

Digitalized signals are evaluated in the PC and¢gssed using appropriate software. One of
the software for evaluation of monitored parametera LabView program, used to monitor the
measured parameters in online mode welding. In phaggram we have put together a similar
application of the weld alarm, which is used forliore error detection technology during the course
of welding. Program to be entered limits, beyondcWwh.EDs are lighten up to detect irregularities
in the welding process. This irregularity, instapilcan be caused just by the presence of
technological defects at the weld.

197



Analog signal Digital signal

Current sensor

A/D |
/D converter <= P

|

"1 NI 6008

| @17
|

Voltage

|

|

|

| Osciloskop <= Senseryz 100
‘ T ﬁ ETC Mé621 —

‘ <=

\
|
|
|
|
converter | L 7777777 N
e el o o

(LabView 9, Diadem

@ @ TC/PI .| Ethernet - pu— =
[ protocal " <l
Internal protocol | |, =
I welding| source u
PC I 2y Puls Sy 2700 N
Scope M621) [lﬂ—?ﬂ
afiewanlly

RCU 5000i Welding truck

FDV 15 MF

Fig. 1. Block diagram welding department.

3. Simulation Technology of Errorsin Dip Transfer and Pulse Transfer
Welding

After preparation and involvement of welding depant and tried all the functionality of
equipment and correct measurements we accededrte simulate some of selected technological
defects (supply interruption of protective atmosphelirty surface of welded parts, resizing of the
root gap, “venting” protective atmosphere). On Rigshows one of the simulated defects after
welding. This is a defect marked as a sample Ol¥revthe simulated supply interruption of
protective atmosphere.

Fig. 2. Supply interruption of protective atmosphere. pulse transfer welding, S — dip transfer welding.

After simulation and preparation of samples, wetione to evaluate individual samples in off-
line mode welding. For all the simulated defects,avaluate the mean welding current and voltage
and standard deviation of the welding current aoltige to find out the exact location defects in
the weld joint, where the welding alarm we evaldatee defect in the online welding. On Fig. 3
and Fig. 4 is shows the time courses of the standaviation of welding current for dip transfer
and pulse transfer welding.
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Fig. 3. Sample 014 - time course standard deviation of wgldurrent (dip transfer).
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Fig. 4. Sample 014 - time course standard deviation of wgldurrent (pulse transfer).

For sample no. 014 were carried out two, first wgstransfer (on the picture marked with S)
and the other was in pulse transfer (on the pictuaeked with P). Further to this sample in Fig. 3
and 4, which shows the time course of the standavéhtion of the welding current, are shown the
maximum and minimum allowed values. As the coufgb®welding current is within those limits,
it is a welding of technology without defects. lietcourse of the welding current is outside of the
permitted limits, than we can say it is technolagidefect. The maximum and minimum allowed
values were determined from measurement standaldsewwere simulated optimal welding
conditions for dip transfer and pulse transferstriwve determine the maximum and minimum
value, which was located during welding standardnithese values, we expressed the percentage
difference and this difference was added to theaaeevalue of welding current and voltage for the
mean and the standard deviation and we got thermamiallowed value and the deduction for this
difference, we get the minimum allowed value fog thean and standard deviation of the welding
current and voltage. These percentage differemcdseirange from £ 5% to £ 10% for dip transfer
and pulse transfer and the standard deviation efatblding current and voltage and also for the
average welding current and welding voltage.

On Fig. 5 are shown in the drawing weld deposiéssitvithout defects and defect with
simulated technology for dip transfer and pulsagfer.
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Fig. 5. Sample 014 — drawing bead. a — place without def{glp transfer), b — place with defect (dip tfengs c —
place without defects (pulse transfer), d — plaith defect (pulse transfer).

4. Conclusion

In conclusion we can say that the method of detectechnology defects using of welding
alarm set up in LabView program is suitable forethof the four simulated defects. It is a defects
supply interruption of protective atmosphere, “wegit protective atmosphere. The only defect that
alarm failed to detect surface with oil contamioatis welded parts. In all simulated defects, which
can detect the alarm has been seen not only ddniagt welding, in turn emitting diodes, but also
after welding in the evaluation itself. Evaluate s$tandard deviation and the mean welding current
and voltage and dip transfer and pulse transfedimgl When the evaluation was at least one
statistical indicator to see the launch of an aland a representation of the boundaries and teus th
detection of instability. These statistical indmat recommend to compare always together, because
the evaluation showed once mean and ever standandtion uncovers technological defects
during welding, whether you are welding currenvoitage.
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Abstract. Integral part of the production process in thédfief machining is finishing machining methods.
An important feature of finishing ways of machiniisgalso the possibility of machining hardened male

This group includes mainly grinding, honing, lappirsuperfinishing and fine turning and milling. New
finishing method is ISF-superfinishing (super-ispic). Thanks to the method of isotropic superfimg we
obtain workpieces with very high quality surfadeereby ensuring increased efficiency and extended |
which means lower costs for higher performancahis method are used traditional tumbling devicés w
ceramic abrasive grinding coils and plastic colhiemicals are added to equipment in two phases to
accelerate tumbling method. With this method is mvaed at the same time the entire surface of the
workpiece, ruthless on its complexity and shapés ppossible to achieve a mean arithmetic deviatibn
profile less than 0.02 pum.

Keywords: Integrity of surface, finish machining, superfimisg.

1. Introduction

When two metal parts are chafed against each tiiees is always created a heat. These high
temperatures cause wearing, reduce an efficiencgtantly and finally they lead to the part failure
and afterwards also the part exchange. Thankse¢d3k method the machined parts can gain
smooth and shiny surface by which we can guaraateencrease of efficiency and lifetime
prolongation that means the reduction of costsgiten performance [1].

AL

Parts of gearbox machined by Working with high-gloss
method ISF

Fig. 1. Examples of using ISF methods [1].

Finishing of engine blades

Milling, grinding, honing and lapping results iretmore or less rough surfaces. Tops of these
rough surfaces are getting smoothed by the ISFadeiffhanks to the ISF method the surface is not
only smoother, but due to the new structure aidmctis reduced and lubrication is improved
significantly. Due to the reason that ISF methatlioes not only a friction, but also temperature, at
the same time it leads also to the prolongatiomathined part maintenance interval [1].

ISF method represents an internationally patentad kf chemical speed-up of deburring
method. This method uses the conventional debuemgpments and non-abrasive particles for
achieving of isotropic surface. It is possible teanthe surface quality &a< 0,02 um [1].

This surface is characterized in a possibly higlstlity regarding the friction resistance,
heat exchange, noise level and machined part wpealso in such industrial areas like bearing
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production and drive mechanisms, power train tegni energy production or production of drive
mechanisms in the aircrafts [1].

This method used to achieve the isotropic surfaeettmbling equipments with ceramic
abrasive coils a) and plastic coils b) of differsizies and shapes.

Fig. 2. Tumbling coils [1]

Substances that processed generations of cleamemical facilities were usually highly
alkaline and strongly enriched completing agent&wablays are their major part organic
substances, which are almost biodegradable. ihghasized [1].

2. Process Principle

The ISF process is normally made in two phases:

In the first phase there is supplied and measurégli@ mixture that is fitted in with the part
material directly into the polishing and grindingugpment. By influence of the mixture there is
created a dark grey oxidation layer on the machswethces in normal cases which is taken away
together with the highest surface ,,picks" of grdyoart. This oxidation layer is created fluently in
a repeated way and is still taken away, but inntleantime the raw material in ,sags“ and grooves
remains untouched. This material cut off is workmgely on principle of wearing and rubbing, but
there is not a chemical material cut off. After tteguired surface quality was achieved there is
supplied and measured other liquid mixture as ¢oversd phase into the machine in order to remove
an oxidation layer and meet the required surfateeein shiny or in mat condition. During the
second phase there is almost not any materialfE{ft]o

3. Comparison and Conclusion

After comparison of classical superfinishing angestinishing by ISF method there is a conclusion
that superfinishing ISF has got the following adeges:
» short machining time,

lower friction,

low property wearing, physical, by a normal openati
low tooling prices,

low basic investment,

low costs for energy,

low noise bundle,

YVVVYVVYVY
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» safe usage,
> high flexibility [1].

2% 109 20,0Fs 000
ISF Finished Ry= 1.2 pin

Fig. 3. Compared machined surface before and after uSiRgriethod [1].

The next big advantage is that at using of ISF oukthe part is machined from each side at
the same time and surface roughness is much |olver.measurement was made on oversized
bearing rings. The measurement target was to peofimishing operation for given conditions. The
prescribed middle arithmetical value of considepedfile was 0,15.um. The measurements were
made on bearing rings of steel 14 are 209.4 (100&ibt4). Individual machining operations were
performed on devices: turning: TOSHULIN SKIQ 12jnging: Berthiez VGM 180, isotropic
superfinishing: Rosler 420 2-E, roughness measurerhEOMEL-TESTER T 1000. For finishing
was used these methods: finishing turning, grindsagerfinishing and isotropic superfinishing.
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Fig. 8. Final comparison of surface roughness

The measurements were made on the oversized baarggyon an average of 800 mm.
Working condition roughness was less than 0.15 fine above graphs shows that among the
finishing methods such us Finish Turning, GrindiSgiperfinishing and Isotropic Superfinishing
had the best surface integrity was in isotropicesiipishing. The measured values were processed
into the graphs, which show that the conditionef@igrinding and finish turning. Conditions were
met also in the standard superfinishing. Howevensaer if oversized bearing rings can worked by
classical superfinishing or ISF.
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Abstract. The aim of this study is the comparison of seleategblogical properties of thermoplastic
polymer materials before and after exposure iredifit environments for exact period: UV radiatiomist
soil with higher concentration of chlorides, n-hegasolution with a degradation effect. Rate andidep
degradation induced by the environment were evadllay Frequency sweep test, which monitors chainges
viscoelastic properties of polymers with respect th@ir molecular structure and their behavior in
thermoplastic processes. Degradation process edsulichanges of complex dynamic viscosity, stowau
loss modulus, changes in molecular weight andistsiloution.

Keywords: polymer degradation, rheology, complex viscositgslmodulus, storage modulus

1. Introduction

Recently, the development of plastic materialsthken place ahead of traditional, particularly
metal materials, because they constantly extend pib&sibilities of their applications as a
replacement of the traditional materials in engimgg construction, electronics, and agriculture
and mainly in packing. From all kinds of plastiespecially thermoplastic materials take the
significant importance because of their good pemtorce and advanced technologies of their
processing [1].

Rheology and its experiments reveal informationudltoe flow behavior of liquids but also the
deformation behavior of solids, because it is ffpectl behavior of polymers. Changes induced by
the environment with degradation effect can be watald by rheological measurements which
monitor changes in viscoelastic properties of #sted polymers. The fundamental of rheological
characteristics is viscosity which defines the nmé resistance of material against its creep
generated by external forces. It is necessary dbzeethe dual character of majority of polymer
materials from viscoelastic point of view. The antiof external force on the ideal viscous material
results in its deformation i.e. irreversible locdmono (movement) of macromolecules and after
removal of the external force material retains,itew“shape. The action of external force on the
ideal elastic material results in its deformatiam lafter the removal of the external force, the
material returns to its original shape. Polymers generally characterized by the viscoelastic
nature, which means that external forces causéy/gatmanent (viscosity element of polymer) and
partly reversible (elastic element of polymer) defation [1, 2, 4].

Viscosity of polymer melt is determined by sheaest and shear rate as well as by other
factors like temperature, pressure, molecular wedgia its distribution, structure of the polymer,
presence of additives in the polymer. Viscosity Adsgh importance for polymer processing, the
change of viscosity is determined by changes offdhtors above, which are characteristic for the
polymer and may vary according to the effect ofrddgtion processes. The aim of this study is the
comparison of selected rheological properties efrtioplastic polymer materials before and after
exposure in different environments with a degramtaéffect.
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2. Experimental material

Polyetlylene STN EN 155/(PE 1400) with the trade namk@nathene XS 10 YCF 70111902
provided by the plasticcompanyNitra (nowadays frequently used taoduce pipeline systems
high density, low pressure PE 500 v the trade name PE HMWAand polypropylene PP oth
provided by Licharz companyese used as an experimental material.

These thermoplastics materialssevery good chemical resistance, relatively low dign8@i91
— 0.96 g/ ci, low absorption, good resistanct high negative temperaturgood workability and
some other properties lilkaefficient oifriction, abrasion resistance amdpact toughne: [1,3].

Polymer samples of plate shape with dimension ok 53 x 3 mm were exposed in differe
environments with degradation effect. SamplesPP and PE 500vere exposed to aliphatic
hydrocarbon n-hexan@anmersei in a separated container for four montRg§ 1400 samples were
subjected to longerm (485 days) exposure imoist soil with high chloride concentration
simulating condition®f the real working environment. Accelere agingtests of PE 1400 samp
were carried out in U\thambe for a period of 139 days, which represer®® cycles and intake
energy of 5264 kJih Onecycle in the UV chamber is represented by Adurs of testing with
delivered energpf about 7.52 kJi? percycle. Daily cycle runs for 3.8 hoitemperature of 62 +
3°C; relative humidity of 50 + 5%; intensity oradiation 0.55 Wrf) and 1 hour night cycl
(temperature of 38 + 3°C; relative humic of 50 + 5%: intensity afadiation (Wm?).

Rheological measuremeriig Frequency sweejgst were carried out after - exposure tests of
polymer samples, results aadalysi: are presenteih the experimental secti.

3. Experimental part

The evaluation of polymer degradal was performed by measuring ifeological properties
by oscillating rheometer Physi€@&heometer MCR 301 with CTB50 conventioni thermal device.
The chosen methogas Frequenc Sweep test (FS), which characterihe viscoelast properties
of polymers with respect tiheir molecular structure and their behaviotthermoplasti processes
[4, 5].

The sample was placdabtweel two parallel plates with diameter 86 mn, in 1 mm distance
from each otherMeasuremen were carried out athe temperature 0160 °C and 180 °C,
according to the nature ofie materic and following conditionsamplitude o y = 5%, angular
frequency oty = 500 — 0.051/s.

The principle of material evaluation is based oaleation of measured parameters wt
are shown in the diagram (Fig..The process of degradation is followec changes of molecular
weight (as networking or memmolecula chains breaking) whiclshoulc be reflected in the

measured parameters.
/ \\ narrow distribution _/l/.

lower average molar mass M,

G'(@) G"()

higher average My,

longer or branched molecules
shorter or less branched molecules

/./‘/ F N
= - —a—G
broad distribution
1000 4 —e—G"

T T T
1 10 10C

Angular Frequency ®

Fig. 1 Determination of selectezharacteristicof material during FS test and the curvar@asurements as re«.
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As seen in Fig. 1, the values of complex dynamscasityn and storage modulus G ' and loss
modulus G "can be compared by measuring. Furthermeae are able to monitor the position of the
intersection of the curves characterizing the stdtieoth modulus and indicate the transition from
viscous deformation behavior to the more elastibab®or. This intersection is qualitative
characteristics of the material [1,4]. The polyrdegradation can results in changes of the values
of measured characteristics. Shift of the moduhtersection in horizontal direction provides
information about the average molecular weight simft of the modulus intersection in the vertical
direction signals the difference in the moleculaight distribution.

Rate and depth of PE 1400 degradation after expdaudV chamber (after 700 cycles) was
evaluated by Frequency Sweep test (FS). The difte®in viscosity and modulus defining plastic
and elastics properties of PE samples are showsigi2. These measurements were carried out
only in exposed surface layers that were replacad the exposed sample (in depth of O to &0
and 750 to 150@m). There is evident difference in degradation de@m the surface further to the
depth and the layer of 750n has significantly different viscoelastic propest— material becomes
more fragile. Measurement of the sample layer & depth of 750 - 150Q4m showed that the
degradation is much smaller and measured curdessrcto the curve of unaffected sample.

Frequency Sweep PE 1400 Frequency Sweep PE 1400

6 6 6 6
10 10 10 10
Pa:s Pa-s

10 10

10

3
10

3
10 1

10 T T T T 10 10 T T T T 10
- 2 3 - - 2 3
10 10 10 10 10 radls 10 10 10 10 10 10 radls 10
Angular Frequency @ —»

PE 1400 before exposure, PE before exposure,
PE exposed in UV (0 - 75@m), PE exposed in moist soil (0 - 0,750m),

Fig. 2 and 3Differences in rheological properties of PE 148fhples exposed 700 cycles in UV testers and aler 4
days exposure in moist soil measured in differeptl from the surface.

Moist soil with higher concentration of chlorideachno significant degradation influence on
PE 1400 even after long-term exposure. Fig. 3 shbatspolyethylene material was not damaged
in surface layers which was verified by measureegjaced layers in particular depth (0 - 0,750
and 750 — 150@m) from surface area. According to the results itlear that neither surface areas
nor subsurface areas were influenced by degradaftect because the values of measured
variables indicate almost the same course.
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Measurements of PP and PE 500 exposed in n-herai@enionths period (Fig. 4 and 5) show
the changes of viscosity, as well as G' and G" rusdin both surface layers but only in PP
samples. We can monitor that the area in the dept®00 - 600um is affected more than the
surface layer of 0 - 30QAm, in which material properties are much more @imib properties of
unexposed material. This phenomenon is not vergr die explain yet and is subjected to further

study. PE 500 indicates no changes in viscoelgstperties in comparison with the original
material.

Frequency Sweep PP

Frequency Sweep PE 500

Pa:s / Pa

2 | | | | 1 3
10 T T T T lO 10 I I T T 10
K 1

2 3 2 E 1 2 3
10 10 10 10 10 rad/s 10 10 10 10 10 10 radis 10
Angular Frequency @ —»

PE, PP before exposure?E, PP exposed in n-hexane (0 - 3@dn),

Fig. 4 and 5Differences in rheological properties of PP and3®B samples exposed in n-hexane for 3 monthsgerio
measured in different depth from the surface.

5. Conclusion

- Rheological measurements sensitively monitor changéhe structure of studied polymers due
to degradation effect in different environmentsisTwas reflected in the measured rheological
parameters and variables like viscosity, molecwlaight changes and their distribution,
modulus characterizing elastic and plastic propsrti

- The results show that the exposure of PP and PEi®0®hexane only influenced the
degradation of polypropylene samples which variedparticular layers. The rheological
characteristics of polyethylene material did ncrue.

- The long-term exposure of PE 1400 in moist soil nadsignificant effect on viscoelastic
characteristics of tested material.
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Abstract. This article deals with load distribution in HamgWheel Tracking Test. Three models of
stresses were developed on basis of measuremeatcontact surface, depression of the wheel witheu
hoop under load and by application of the Finitengg¢nt Method.
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1. Introduction

This article deals with load occurring between éisphalt specimen surface and the wheel of
the Hamburg Wheel Tracking device. The wheel r@oates over the test specimen, with the
position varying sinusoidal over time. The wheedg®s across the test specimen approximately 50
times per minute. The maximum speed of the wheapmoximately 0.3 m/s and is reached at the
midpoint of the slab. While the wheel reciprocate®r the test specimen the speed is changing
(figure 1). The rut depth is defined as an averadee of the profile of the test specimen on 50 mm
length in the middle of the test specimen; thisfifgois measured in more than 25 points
approximately evenly distributed. To fit the courdfewheel position following equation has been
decided as most suitable:

x(t) = 0.115 ein(2.618¢) (1)
Vepesa (£) = %{0.115 sin(2.618t)) (2)

Where x is distance in longitudinal direction [amjd x=0 represents the middle of tested
specimen andsyeedis the speed of the wheel [m/s]. The speed chamtfee middle of the wheel is
in the range of +25 mm over the middle of test speaq, it means +0.00446 m/s. It is a negligible
difference and it was calculated with a constahtieraf speed 0.3 m/s. The speed was used for
interchange of the metric domain in direction av&l into time domain.

Course of wheel position
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Fig. 1. Course of wheel position
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2. Constant Load Approximation (Load #1)

The contact area between the steel plate and tleelwdi the Wheel Tracking device was
measured. At first, liquid coloring was used, butvas occurred extrusion of liquid coloring in
lateral margins and it was difficult to measure thensient area properly. For that reason, we
looked for a fine-grained material which would het extruded. The Plaster of Paris was chosen as
the most fine-grained material. The size of thamgveas from 14m to 16um. The steel plate was
sprinkled with the Plaster of Paris and the loage&Vlwas consequently placed onto the steel plate.
Further, the rest of Plaster of Paris on the rullop of the wheel was measured with a calliper.
The transient area is 0.022 m long and 0.05 mm.wide

The load applied by the wheel is 700 N. The firgpraximation ,Load #1“(Fig. 2) was
developed from following equation:

Farce
Cr =
Area
700
g=———= 636363 Pa (3)
0.05=0.022
Load #1

(-1)*vertial contact stress [Pa)

Longitudal direction (x) [m]

Fig. 2. Load #1

3. Parabolic Load Approximation (L oad #2)

Based on previous paragraph, the contact are®22 0n long and 0.05 m wide. Diameter of
the wheel is 0.2 m and the load applied onto theelvis 700 N. It is possible to develop the load
approximation from this known information and gednaerelations with application of the theory
of elasticity. The procedure is based on splitting rubber hoop into infinitely small strips in the
longitudal direction. Each of the strips is undead compressed by itself value of strain. The force
response of each strip is in proportion to the ae&tion and Young’s Modulus. Established
signification of unknowns and their geometric seasewritten in [1].

The equation of Load #2 is (4) and the Load #4asted in Fig. 3:
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R-vVRT+x% -4
o) = Fa—— T 4)
With application of the theory of elasticity ap@tmon, integration over area to express force
and consequent substituting values of all measuargdl conditions we obtain:

BEs ORI ] —4/0.17 + %% — 6.068412817F — 4
00 =2=E= J‘ J‘
0 0

0.0z dx dy (5)

In this lastly specified equation, the value of Yigis Modulus is the only unknown which we
were not able to measure. The reason allies simphpt being equipped with suitable durometer
[3] at our disposal to measure the real IRHD ofbermhoop and other method of measuring
Young’s Modulus of rubber could not be considetstause the rubber hoop is glued to the steel
wheel core. The Young’s Modulus of rubber was dalted from equation (5) and is E=31.45 MPa.
This value does not correspond with Young's Moduwbsained by prescribed IRHD according to
[2], but corresponds with the depth of deformatimoeasured by LVDTs of the Wheel Tracking
device after the load were applied and other medstiaracteristics were gained.

Load #2

(-1)*Vertial contact stress [Pa)

Longitudal direction (x) [m]

Fig. 3. Load #2

4. Load Approximation Developed by ABAQUS (L oad #3)

The wheel with a rubber hoop on a steel plate waslealed by ABAQUS software. The
analysis model contains the Steel core, Rubber laodpSteel underlay desk. The model was split
in two steps. Step 1’Initial” establishes all boand conditions and step 2 “Apply Force”
establishes a load. The load is represented bywwatgiforce of the Steel core; the density of the
Steel core was adjusted to 70978.886 Rgionrepresent prescribed value of force 700 N. The
gravity load prevents the model from concentrated af loads and represents similar conditions as
in reality.

Assembly of the model is following: The Steel caredl Rubber hoop are joined together with
the normal contact behaviour “Hard contact”, nédwaing the separation after contact. The contact
between the Rubber hoop and Steel underlay deskcasacterized by tangential frictional
behaviour. Isotropic frictional behaviour with fiien coefficient 0.5 was chosen. The right side of
the circular surface of the Steel core was fixedirsg} Z- and X-axis displacement and Z-axis
rotation. The Steel underlay desk was fixed irbalegrees of free.
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The static analysis was used for simulating theratdtion between the loaded wheel and the
steel underlay desk. 0.005 m seeding of the mesh usad for all parts of model. It was not
possible to use a smaller seeding because the CWhlVersity licence of ABAQUS software
makes it possible to compute only with 100000 nodée deformed model with a view of XY cut
plane is plotted in Fig. 4.

Three stresses were obtained from the model. Hdtemthe same denominations for the
stresses are used as in [4] and are as follows:

= vertical contact stress: negative in the Y-axiedion,c,,.
= transverse (or lateral) contact stress: positivhenZ-axis directions,z at right angle to the
direction of the moving wheel,

» |ongitudal contact stress: Positive in X axis dii@t, 112 in the direction of the moving
wheel;

Fig. 4. Model of the Wheel with Rubber Hoop on the stéatgowith focus on XY cut plane

Load #3

1188020 ’\
4

4%

988020

788020

588020

00525

388020 |

[1jWertial contact stress [Pa]

188020

X A\
-0.004 < M

0.0085
Longitudal direction

(x) [m] 0.0185

-0,0

Fig. 5. Vertical contact stress in 3D graph
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Load #3
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Fig. 6. Longitudinal contact stress in 3D graph
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Longitudal direction 9011 ~ 2
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Fig. 7. Lateral transverse stress in 3D graph

5. Conclusion of Loads

The three models of Load were developed for the &viieacking Test. Load model #1 has a
constant value of stress and was developed basedeasurement of the contact surface between
the wheel and the steel desk. Load model #2 haarabglic shape and was computed from
measurement of the contact surface, the depressitme wheel with rubber hoop under loading
and Young’'s modulus of the rubber hoop. With thatEiElement Analysis (FEA) application three
dimensional contact stresses (Load #3) were olutairem the Finite Element Method (FEM)
simulation of a loaded wheel on a steel plate.

The magnitude of vertical deformation was 5.439m4 The difference between vertical
deformation calculated from contact surface andomehtion computed from the model is
6.2941e-5 m. We can accept this small differencealige of the sensitivity of LVDTs and the
accuracy of contact surface measurement.

The vertical contact stress rapidly changes in Xhaxis direction. We can see that the
maximum Load #2 amplitude of (-953.833 Pa) is lowamn Load #3 amplitude (-1.070.000 Pa).
Load #3 cannot be characterized as parabolic, nightharacterized as polynomical. The vertical
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contact stress of Load #3 also changes on the @melin Z-axis direction, whereas the Load #1
and Load #2 have constant values on the Z-axissldpe of the change of Load #3 is significant in
lateral sides of the wheel.

In Fig. 8 the comparison of vertical stresses bf@hcerned Loads is shown in XY plane.

_Vertical contact stresses in XY plane
-0,005 —I'Ei 0,005 0,01 0,015 0,0)2{ /0,02?;
——=200000—
z \ /
=
9400000
£
@
=]
& -600000— NN 77
=
(=]
L=
—=800060—
—li—|oad #3
1800080 \./ —$—LDad #2
Load #1
UUUUUUU i

Fig. 8. Vertical contact stresses in XY plane

The lateral transverse stress clearly indicatesirtivard shear away from the wheel centre
direction and this stress is in balance, with zgress in the wheel centre. The resultant force is
zero, but even if the resultant force is zero, literal transverse stress contributes to the tensio
stress close to the wheel edge. This stress tenuislitthe HMA from the centre of the wheel. This
trend is attributed to the friction between thelreiband the tested material because of the Posson’
effect of material under loading.

The longitudinal contact stresses were indicatetiendirection of wheel travel. The magnitude
of this stress is lowest from calculated threess&s. The longitudinal contact stress is in balance
through the wheel centre as the lateral transva&ress but the symmetry plane of the stress is YZ
plane with zero value of stress at the wheel cefthe resultant force is zero. The longitudinal
contact stresses are highly dependent on the galisistance between the tyre and the road, and on
the traction, braking or acceleration [4]. Accetana or braking does not occur and the speed is
approximately constant in the area of interest. Doiethis, we can consider this calculated
longitudinal contact stress of Load #3 similartie tnoving load.
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Abstract. Thermal forming is a method of changing the shape of an element by heating with a moving
source of heat e.g.: laser beam or flame head. In this method expected changes of shape will occur by
thermal expansion phenomena. During each of thermal treatment of materials e.g. welding, coating, laser
hardening, heat treatment, heat cutting etc. this kind of deformations will occur. Shape changes in this types
of treatment are objectionable and should be minimized. For the other hand we are interested in purposeful
shape change of material by heat influence. Elaboration of analytical model for heat forming give us
opportunity to control and predict the effects of this process.

New analytical model of thermal forming is presented by use laser upsetting mechanism. The experimental
results of laser bending are presented as well and compare with calculations for flat plate. Microstructure
analysis will answer if any material properties are changed due to temperature influence. Further experiments
should give us opportunity to precise this model for construction materials like: angle bars, T-bars, I-bars, C-
bars etc.

Keywords: laser forming, laser machining, microstructure after heating.

1. Introduction

Homogeneity upsetting of material along path of heat source beam with minimal bending
according to specific shortening is named forming by upsetting mechanism. Field of temperature
should have possibly small gradient in perpendicular direction to beam. Zone of higher temperature
shouldn’t be to much vast simultaneously (because of thermal buckling conditions will appear) and
surrounding area must be stiff enough. According to this conditions almost whole material under
the beam will be straining during heating phase. Because of both short time of heating and stiffness
of element it won’t strain but will upset in strain zone. This upset induce its shortening. During
cooling down bending torque will appear just after beam incidence point. This torque will make
minimal deformation due to small temperature gradient presence.

Fig. 1 presents example of flat bar bending by using triangle (wedge) heat zone. Because of
upsetting the material is shortening in perpendicular direction to heating path.

Upsetted
zone

-

Fig. 1. Flat bar bending by upsetting mechanism
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2. Modeling of bend in perpendicular direction to heat source incidence

Analytical models for flat plates laser bending by upsetting mechanism was presented by
authors in [3], [1]. That models are very good for flat elements, but cannot describe specific shaped
bars bending. In this paper authors will present general analytical model both for plates and bars.

If we considered plate bending in perpendicular direction to heat source incidence (in plate
surface), we will assume that plate is heating using triangle straining area (Fig. 2). It is assumed that
the temperature of straining is constant in heat zone thru whole thickness of plate as well.

Fig. 2. Model of laser plate bending thru surface by using triangle zone of straining

Model meets conditions of equilibrium thru cross section according to y and z directions.
When we take into consideration restrain rigidity coefficient Rr' and generalize analytical model
from reference [2] by addition moment of inertia J, analytical model of bending with triangle

(wedge) heat zone will be: max
" 2 max SW = 2Y (1)
o, =2R;a, AT 0 . [—F In6_ahy | 0
e

where: RrH — restrain rigidity coefficient at the heating stage (RrH<1) [4], o, - thermal coefficient of
expansion; ATp=Tp-To; J — moment of inertia according to centre of gravity; surface temperature 05
described as nondimensional equation:
_T,-T, 2AP K
*TT,-T, dA(T,-T,)\nvd 2)

pl

where: A — laser beam absorption coefficient; P — power of the laser beam; d — laser beam diameter;
v - velocity of laser beam; k=A/pc — thermal diffusivity; p - density of material; ¢ — specific heat; A -

thermal conductivity coefficient; Fo — Fourier number defined as:
kb 1, 3)

Fp=—=—
vh™ 1, 5
where: t,=b/v - the interaction time between the heat source and material; t=h"/x - time of heat
diffusion thru thickness of the material; h — thickness of plate.

3. Experimental flat plate bending in perpendicular direction to beam
incidence surface, theoretical calculations and microstructure investigations

3.1. Researches description

The aim of experiment was laser’s flat plate bending in perpendicular direction to beam
incidence surface and comparing results with theoretical model. The microstructure investigations
was made as well. The triangle heat zone model (1) was utilized in this experiment’s calculations.

216



Experiment was performed by CO, Trumpf TLF-6000 laser with segmented mirror head. The
specimens were made from X5CrNil8-10 stainless steel. To reach triangle heated zone special steel
mask was used. The specimen was scanned by Smm diameter laser beam starting from vortex of
triangle as Fig. 3. shown. The change of bended angle was real time measured by non-contact laser
range-finder sensor and recorded onto computer. The displacement of measured point helped to
calculate real bended angle a as Fig. 2. shown.

Fig. 3. Schema of experiment and laser beam guide path.

3.2. Experiment results

Three flat plate stainless steel XS5CrNil8-10 specimens with dimensions

150x50x3

(lengthxwidthxthickness) was covered by mask with triangle cut. Vertex of triangle was on the
edge of specimen’s width (Fig. 3.). The velocity of laser beam was 0,005 m/s. The laser power was
in order: 1% specimen — 400W, 2 specimen — 700W, 3th specimen — 900W. Absorption of laser
power was estimated as 0,7. Effects of laser bendings shows Fig. 4, Fig. 5, Fig. 6.

displacement

[mm]

0.3

-0.7

-0.3

-0.4

-0.5

0.6

specimen nr 1
V=300mm/min: P=400W

heating

cooling

e, 0,492
a=0,3/75%

time [s]

Fig. 4. First specimen bending angle change during heating process and after cool down to 80°.
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cooling .
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Fig. 5. Second specimen bending angle change during heating process and after cool down to 80°.
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Fig. 6. Third specimen bending angle change during heating process and after cool down to 80°.

Final angles reach values: 1% specimen — a=0,375°, 2n specimen — a=0,857°, 3th specimen —

o=1,170°.

3.3. Calculation results

Real bended angle was calculated by equation (1) to compare analytical model with
experimental results:
The parameters which was used to calculations:
Material’s constants (for X5CrNil8-10 stainless steel according to EN 10088-3: 2005):

A=16 [W/mK], p=7930 [kg/m3], ¢=500 [J/kgK], 0x=17,2x10° [m/mK]

Dimensions of specimen (acc. to Fig. 2.):
a=0,035 [m], Ymax=0,050 [m], w=0,050 [m], h=0,003 [m]
Laser’s treatment parameters:
A=0,7; v=0,005 [m/s]; d=0,005 [m]
Other parameters and calculations are presented in Tab. 1.

Parameters
Laser’s treatment parameters Results of calculations data Bending angle calculations
=0,403x107 [m?/s]
. P=400 [W] Fo=0,45 _ o
Specimen 1 AT,=900 [K] 0.-1.76 0=0,278
J=hw’/12
=0,403x107 [m?/s]
. P=700 [W] Fo=0,45 _ o
Specimen 2 AT,=1100 [K] 0.-2.52 0=0,794
J=hw’/12
=0,403x107 [m?/s]
. P=900 [W] Fo=0,45 -~ o
Specimen 3 AT,=1400 [K] 0.-2.55 o=1,033
J=hw’/12

Tab 1. Another parameters and calculations

3.4. Microstructure investigation

Microstructure of blank material X5CrNil8-10 was compared with material’s sample from
heating zone of 3t specimen (temp. of heating ~1400 [K], time of heating ~30 [s]).

The polished sections of two specimens were prepared. After polishing samples were etching
with 87 etchant (10ml HNO3; 20-50ml HCI; 30ml glycerol acc. to ASTM E407). Microstructure
was observed with Neophot2 Carl Zeiss microscope with 100 magnification. Austenitic
microstructure of both specimens was observed (Fig. 7.)
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Fig. 7. Microstructure 6f blank material — a) and heat treated material — b). Magniﬁctin X100.

4. Conclusion

1. Possibility of thermal forming in perpendicular direction to beam incidence surface was proved
by this experiment. This kind of forming using traditional plastic forming methods will be
troublesome and hard to made. Non contact thermal method is easier way to produce bended
elements. Experiment was prepared for flat plate, but this method could be apply to bend another
industrial bars.

2. Results of experiment are very close to theoretical calculations. Some fluctuations of bending
direction during heating stage we can observe. Bend angle direction stabilization appear during
cooling stage (Fig. 4, 5, 6).

3. Microstructure investigation shown that austenitic structure both blank and treated material is
present. This give us information that microstructure is unchanged after this kind of treatment.
Other material properties (e.g. microhardness, tensile test) will be prepared in the future.

4. Experiment was performed using laser beam, but whatever focused heat of source can be apply
e.g. plasma flame or acetylene torch.

5. Bend angle analytical equation (1) gives opportunity to choose parameters of machining and to
design forming effects for flat plate and industrial bars.
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