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UTILIZATION OF VEHICLE CONTROL-DIAGNOSTIC
SYSTEM IN EVALUATION OF ENERGETIC PARAMETERS

In modern tractors and farm machinery newest ebait and information technologies,
controlling not only engine work parameters butoatgperation of other sub-assemblies
of the vehicle, are used. It enables real time arge of information between controllers
of tractor engine or whole agricultural unit. Evaltion of technical condition is possible
on level of real time monitoring of diagnostic paraters, as well as by means of portable
diagnostic systems. Utilization of on-board contl@gnostic systems, with installed
automatic tests algorithms controlling operation drticular sub-assemblies, is also
possible. Goal of this paper was evaluation of gatic parameters of John Deere 6920
tractor by means of on-board diagnostic systemzation. Tractor engine energetic
parameters obtained as a result of such invesogatienable evaluation of energetic
"saturation” of a tractor. Establishing charactetitcs of changes course for: torque,
power and unitary fuel consumption enables deteation of rotation speed range for
optimal operation of an engine. Using on board di@stics of agricultural tractor as
well as additional external diagnostic system SmvADVISOR eases location of
damages and failure repair in tractors and farmimgachinery. It also enables
determination of unitary fuel consumption ge, pselyi enough to be used in establishing
its value for practical purposes.

INTRODUCTION

Analysing present situation and tendencies takirlgcep in the word of
motorization, increase in electronics, informatid@chniques and mechatronics
utilization becomes clearly noticeable It has digant effect on development of con-
structional solutions as well as quality of opematiof cars and commercial or
agricultural vehicles. On one hand, it enablesaase of work efficiency of exploited
equipment, and on the other hand it leads to saamt complication of construction
[9]. Increasing number of various steering systdorsparticular subassemblies is
introduced in vehicles It should be emphasised #rats of their operation often
overlap, what results in necessity of integratibthese system operation [1]. That is
why, since 1980s, in cars, introduction of, based/arious communication protocols,
serial data buses has begun. Subsequently, uroficaf cars steering systems into
common on-board diagnostic system (OBD), later smtbpfor commercial and
agricultural vehicles, took place [2, 5, 10].



Introduction of serial data bus, for example CAldyenabled operation, on the
same set of data, of even dozen or so controliespansible for work of vehicle
subassemblies. Utilization of data transmissiortquas enables real time exchange
of information between controllers. Moreover, itdroduction simplifies assessment
of cars technical condition [7,8]. It is especiahyportant when exploited vehicles are
scattered over significant area, and there arecdiffes to use some of other
measurement methods.

Utilization of serial data bus enables evaluatiérieghnical condition of vehicle
through monitoring diagnostic parameters in readeti Moreover, serial bus makes
possible cooperation with external diagnostic systnd is a basis for on-board
control-diagnostic system, which is programmed ¢ofgrm auto-tests of particular
subassemblies [4].

Knowledge of energetic parameters, from the vehitder point of view, is
necessary to obtain good economics of vehicle \aarkis a basis for determination of
its technical condition [6]. There are many methofimeasuring energetic parameters
such as power or torque. Some of them require pgating vehicle to particular place
or disassembly of some of vehicle subassembliest i§lwhy, in this paper, method of
measuring energetic parameters in place where leelsizused was utilized. In order
to measure fuel consumption, control-diagnostictesys cooperating with mobile
diagnostic system was used. Equipped with on-bdagnostic system, John Deere
6920 agricultural tractor was object of this resbar

METHODS

In order to evaluate energetic parameters suctlor@md and power output of
agricultural tractor, PT 301 MES device was usé@nbbled measurements of these
parameters on power take-off shaft (PTO) (Fig. This device is a mobile
dynamometric stand enabling measurements in vetmat&place. The only limitation
for its use is possibility of connecting it to ausce of, depending on its load level, 400
or 240V current supply. Measuring range for maxitoafjue and maximal power, that
can be absorbed by the brake, reaches 5800Nm &k¥\Brespectively, and depends
on time of operation and conditions at the site.

Steering interface

=

Portable computer

Electrical socket contact

Fig. 1. Diagram showing mobile PT 301 MES dynamainatation [4]



Investigated tractor reflects tendencies in modeomstruction solutions of
vehicles. John Deere 6920 tractor is based on raodelsign. Its diesel engine is fully
electronically controlled and equipped with eigbdnnected into common steering-
diagnostic system, controllers managing particsldrassemblies. The system enables,
through diagnostic connector, two-way communicatith external diagnostic
system Service Advisor.

Before conducting research, equipment and techroadition of investigated
tractor had been checked by means of visual ingpeand interview with tractor user.
Next action was communication through diagnostitcneztor between engine steering
units and portable computer equipped with diagnostistem Service ADVISOR.
After connection with on board diagnostic systemsvestablished, verification of
previously gathered informations was conducted.s8quently, it was determined
what steering units are available in the systemvelmat parameters can be monitored.

In order to take measurements, the tractor wasglan even surface and in line
with the brake axis and power take-off shaft of thector was connected with a
terminal of the brake by properly chosen transmissshaft. Following task was
determining rotation speed ratio of the engine dne dynamometric stand by
establishing ratio of rotational speed betweentthetor engine crankshaft and power
take-off shaftjo,m = 1,995. Measurements of torqug &hd power Nwere carried out
under full load and variable rotational speed. Regglof surrounding temperaturg, T
and atmospheric pressurgvwere also registered.

During conducted research, in real time, followidiggnostic parameters were
registered in Service ADVISOR diagnostic systermurhofuel consumptiorG, [I-h™],
engine rotational speed , power take-off shafttimtal speed, air temperatuiig;,
atmospheric pressupg, fuel temperaturd,, coolant temperatur&;, and temperature
of hydraulic oil T,. At the same time load, was put on the power t#keshaft by
means of engine test bench PT 301 MES, and valleeaking power and rotational
speed of the brake were registered.

Relying on above mentioned data, reduced tofgyg and reduced poweN.,,
were calculated. Obtained maximal values of measpaameters were compared
with producer specifications. Measurements of egt@rgarameters: power and torque
were carried out in conformity with DIN 70020 stand, while calculating them to
reduced conditions according 1ISO 3046 standard.

Measurements of hourly fuel consumpti@Bnwere conducted simultaneously with
measurement of torqud, and poweiN.. Obtained results of hourly fuel consumption
G, [I-h™] were registered in Service ADVISOR diagnosticteys At the same time
readings of air temperatuflg,, atmospheric pressupg and, in order to determine fuel
densityp,, fuel temperaturd, were registered. Based on these measurements hourly
fuel consumptiorG, expressed in [kg -fiwas calculated according to formula:

G, =G, [p, [kg - h'l; 1)
Than specific fuel consumption was determined atingrto formula:

100006, _ 1000,
7N M, (277(h

e

[g - KWHT; 2)




where: G — hourly fuel consumption [kg “h N. — power output [kW], M — torque
[Nm], n — engine rotational speed [rpm].

Moreover, flexibility coefficiente (3), enabling evaluation of suitability of vehicle
for traction tasks, was determined. This coeffitien product of torque flexibility
coefficiente,, (3) and rotational speed flexibility coefficiest(3).

(e, = o (3)

e=e, (&,
N r]M

m

where: Mmax — maximal torque [Nm]My — torque at maximal power [Nmiy —
maximal power rotational speed [obr - finny — maximal torque rotational speed
[obr - min'].

EXPERIMENTAL RESULTS AND DISCUSSION

Course of, registered in Service ADVISOR diagnosiigstem, hourly fuel
consumptionG, and engine rotational speedduring taking measurements for John
Deere 6920 tractor were presented in Figure 2rdieroto make tractor measurement
results analysis more accurate, measurement itgesmae plotted on curves of course
of both measured parameters, and whole measuremasntlivided into four periods.
Analogous analysis was used for evaluation of Jobere 6820 tractor [4]. Obtained
results are presented in Table 1 and Figure 3.
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Fig. 2. Progress of changes in hour fuel consumgocand engine speadwhile preparing external
speed characteristics for John Deere 6920 tractgistered in the Service Advisor diagnostic system
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In order to ensure proper measurements conditibiesmal state of engine, by
means of registering temperature of cooldg, was monitored. Simultaneously,
during measuring fuel consumption, temperatureuet T,, which was later used to
recalculate volumetric fuel consumption thto, expressed in (kg'h mass fuel
consumption. Obtained results were presented Ia tab

First period included beginning of registrationpaframeters in Service ADVISOR
diagnostic system and preparation of the invesdy&riactor for measurements. During
this period, check-up of diagnostic parametersrdeteng thermal condition of the
engine and drive transmission system were condubitethse of investigated vehicle
these were: coolant, engine oil and hydraulicenhperature. Second period, although
the engine did not work with maximal possible fublarge, represents increase of
engine load with simultaneous increase of fuel oomdion. Compared with
investigation of John Deere 6820 tractor [4], thesiod comprised greater amount of
measurement intervals, and rotational speed rafnged2150 to 2250 rpm.

Table 1. Fuel consumption measuring results fomJDeere 6920 tractor at maximum load and
variable engine speed on the basis of data frorfséneice Advisor diagnostic system

Vehicle mileage® = 850 hours. PTO nominal rotational speed 1000 obr/min.
PTO ratioiwom = 1,995. Weather conditiong; = 1016 hPaJ, = -4 °C.
Measured quantities Reduced quantities

on. n Mo | N | G | T o Ge & Moz | Nes G oz

[rpm] [Nm] | (kW] | [I-h7] | [°C] | [kg-m?] | [kg-h?] | [g-kWh'] | [Nm] | [kW] | [kg-h"] | [g-kwWh']
1 2246 12,7 3,0 17,9 21)0 831 14,87 4986,8 12,1 2,8 14,87 522118
2 2210 253, 58,7 | 20,5| 21,0 831 17,04 290,2 242p56,1| 17,04 303,8
3 2195 328,§ 75,6 | 23,3| 21,0 831 19,36 256,2 314,072,2| 19,36 268,3
4 2167 407, 92,5 | 27,3| 21,0 831 22,69 245,3 389,388,3| 22,69 256,9
5 2147 437,14 98,2 | 28,5| 20,0 832 23,71 2414 | 4174938 | 23,71 252,7
6 2123 447,0 99,4 | 28,4| 20,0 832 23,63 237,8 | 4260949 | 23,63 249,0
7 2079 462,9 100,8| 28,2 | 20,0f 832 23,46 2329 | 442096,2| 23,46 243,8
8 1983 481,4 100,0| 28,0 | 20,0f 832 23,30 233,0 459,895,5| 23,30 2440
9 1899 508,2 101,1| 28,0 | 20,0 832 23,30 230,5 485,396,5| 23,30 241 .4
10 1803 534,4 100,9| 27,7 | 20,0f 832 23,05 228,3 510,496,4 | 23,05 239,1
11 1712 553, 99,1 | 27,7| 20,0 832 23,05 232,5 528,194,7 | 23,05 2435
12 1624 557,14 94,7 | 27,1| 20,0 832 22,55 238,0| 532,0905| 22,55 249,2
13 1528 562,53 90,0 | 26,3| 19,0 833 21,91 243,4| 537,286,0| 21,91 254,8
14 1444 565,4 855 | 25,8| 19,0 833 21,49 251,4| 5398816 | 21,49 263,2
15 1357 574,171 81,6 | 24,2| 19,0 833 20,16 246,9| 548pPp78,0| 20,16 258,5
16 1261 5728 75,6 | 21,7| 19,0 833 18,08 239,1 546,71 72,2 | 18,08 250,4
17 1173 567, 69,7 | 19,3| 19,0 833 16,08 230,8 529,464,8 | 16,08 2417
18 1081 5344 60,5 | 17,4| 19,0 833 14,49 239,5 358,141,0| 14,49 250,8

Third period, similarly to one for 6820 tractor [4)cluded irregular course of both
parameters. Increase of load governed by controlledynamometric stand, causes
variable reaction of the engine resulting fromwtsrk with maximal fuel charge, what
makes it difficult to stabilize the load during tbeurse of measurement. It should be
noted that in case of 6920 tractor rotational speede, for this period, was narrower
(2050 - 2150 rpm), and variability of fuel consumptwas significantly grater. It

11



enables statement that work of the engine withtiootal speed grater than 2000 rpm is
not beneficial. It should also be mentioned thghiicant increase of unitary fuel
consumption occurred, after above mentioned ratatispeed was exceeded.

Course of hourly fuel consumption énd rotational speed of the engine was stable
in fourth period. In this period, rotational speatged from 1100 to 2000 rpm. For
this interval, course of torque curve (Fig. 3) Mlag and at the same time specific fuel
consumption was the lowest. However, analysings®wof external characteristics of
power N,, torque M, and specific fuel consumption, it was noted that most
favourable conditions for work of 6920 model areewhrotational speed ranges from
1500 to 2000 rpm.

600 100
+90
= 500 |
X 400 T70 =
2 160 =
3 300 50 <
= ta0 =
£ 200 130
N Z
= 100 - T 20
+10
0 T T T T T T - O
1000 1200 1400 1600 1800 2000 2200
n [rpm]

‘—Q—Moz —0—gez —— Nez ——Gl ‘

Fig. 3. Progress of changes in torqug,Ndower N,, hourly G and specific fuel consumption,dor
John Deere 6920 tractor external speed charaaterst the basis of data from the Service Advisor
diagnostic system

Obtained readings of minimal specific fuel consumpygen, for the investigated
tractor were 239,3 g-kWh for rotational speed of about 1800 rpm. Conducted
research shows that minimal specific fuel consuomptwas obtained with the engine
working with rotational speed for which maximal paws delivered. Comparison of
obtained values of specific fuel consumption wekaarch of Kamiski [3] (from 225
to 273 g-kWH) shows that for the investigated tractor spedifiel consumption was
below mean values. Analysing course of specifil tonsumption curve it can be
stated that optimal rotational speed, for this Bagwvork, ranges form about 1500 to
2100 rpm. However, taking into consideration diseasbefore course of process of
increasing load put on the power take-off shaf§ thnge should be narrowed to 2000
rpm.

In order to evaluate technical condition of theastgated tractor, comparison of
obtained result with factory specifications foresfive power Mo, at nominal range
of revolution of power take-off shaft was conductiedinvestigated vehicle, ¥, was
96,2 kW which is 97,5% of value stated by a praducTherefore, vehicle technical
condition can be considered good.
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Results show that torque flexibiligg, = 1,13 and rotational speed flexibilitg, =
1,39, while flexibility of the engine as a whae= 1,57. When compared with research
of Kaminski [3], obtained coefficients are relatively loW.is related to course of
torque and power curves, which in case of invesgdjaehicle have different character
than in case of older generation vehicles, whatltegrom a method of controlling
work of ,powered with common-rail system, engindsiclearly visible that nominal
power is not equal to maximal power, and for rotaél speed ranging from 1700 to
2100 rpm power is at similar level. Torque curverelcterizes with flat course for
rotational speed ranging from 1200 to 1700 rpm.efasn analysis of course of all
curves it is possible to determine range of therengyork optimum rotational speed to
be from 1500 to 2000 rpm.

CONCLUSIONS

Measurements of energetic parameters: effectiveephiy torqueM,, by means of
utilization PT 301 MES dynamometric stand, in ramgenominal rotational speed of
power take-off shaft, enable precise evaluatioteohnical condition of investigated
tractors in place where they are used. For thestiyated vehicle difference was 2,5%,
when compared with producer specifications , whetvgs its good technical
condition.

Determining characteristics of torque, power anidamy fuel consumption course,
and taking into consideration course of measuremegistered in diagnostic system,
enabled determination of engine work optimum rotadl speed range, which, in case
of John Deere 6920, was from 1500 to 2000 rpm.

Utilizing control-diagnostic system in vehicle wigimultaneous use of external
diagnostic system enables, accurate enough fotigahpurposes, determination of
course of specific fuel consumption @and its dependence on rotational speed. This
system enables elimination of need for utilizatidninterfering with engine powering
system, research apparatus. That, thanks to lackeogssity of its installation,
rationalizes measurement, and therefore, eliminma&kf accidental malfunctions. Its
only necessary to carry out research which aino idetermine accuracy with which
fuel consumption is measured by control-diagncststem.

Moreover, introduction of diagnostic system, thartks communication with
vehicle on-board diagnostic system, contributesigaificant facilitation of detection
and removal of failures both in cars as well asttnis or agricultural equipment.
System enables identification of faults generated tkactor control systems,
monitoring and recording of all vehicle work parders. It can be used while
servicing a vehicle, but it also enables, if neaggsanalysis of recorded data in off-
line mode.
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UNIT OF ADAPTATION GRIPPERS OF INDUSTRIAL
ROBOTS

In the paper presents a new approach to decisienptioblem of adaptation grippers of
industrial robots to changing negative force-torgoads at the time of technical robot-
ized kit fixing in the device of position workigapabilities and basic elements of unit of
adaptation grippers for industrial robots presented

INTRODUCTION

One of the major problems with the use of industabots (IR) in machining flexible
automated production is a problem of adaptatioppgrs IR (GrIR) to changing negative
force-torque loads arising from the adjustmentauthet-th position working P\ at the
time of fixing technical robotized kit (TRK), whidmcludes long handling object HO
which is clamping in grippers of IR (GrIR+H(, clamping elements P\&ccessories.

The interaction of technological items robotizestegn: on one side — the influence of a
force HQ GrIR clamp on the other — force clamp H&IR.; is called “dual connection”
[5]. Intensity clamp HQ, device of PWfar outstrips the amount of clamp force H@ de-
vice of PW, which is obvious. The result of this interactisforce conflict (FC) [7].

Analysis of information sources showed that overrbsearch of many researchers in-
volved. Proposed some methods to adapt ShPR FO@mkea represented in many infor-
mation sources [5, 6, 7, 8]. Methods of adaptati@mostly passive in nature.

THE AIM

The aim of this work is to present the proposedicaation the unit of adaptation GriIR
to FC, which is mounted on GrIR and reduces thatha@gimpact of force-torque excitation
on elements of IR.

The analysis of existing methods of adapting pastlze divided into the following
types [2, 3, 6, 8]: passive, active, combined atebrated.

Passive adaptatior involves in the construction GrIR compensatirgchanical de-
vices that react to the occurrence of unwantedtsfferce-torque and due to the ductility of
structural elements compensate for installatioorethat arise while fixing HQ in device
of PW. This kind of adaptation of a number of disadvgesathat reduce the possibility of
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using it to systems that are moving manipulatioiRobccurs at high speeds, due to pres-
ence of unwanted vibration ultimate level of matapan, the need to re-establish the com-
pensation of errors when serving each, AWt at the same time adapting this method is
very simple in implementation.

Active adaptatior- is realized by practicing corrective movemeiitdeggrees of mobil-
ity IR. This kind of adaptation is limited primarikinematic features junctions parts of IR
manipulation, relatively large energy consumptidncorrective movements drive train
parts, requires certain hardware and software aosystems improvements IR. Indisput-
able advantage of this type is reliability adaptaand lack of critical loads on the elements
and components of IR manipulation.

To combine the advantages outlined above approximatethods suggested to use the
combined type of adaptatidhat does not require improvements IR and cosystems
through the use of mechanical devices compenssitimgjifies implementation and opera-
tion.

THE PRESENTATION OF THE MAIN PART

As an example hardware implementation of the coetbigpe of adaptation method
presented unit of adaptation (UA), which conditibndivided into two blocks: Mechani-
cal and Information. Mechanical block compensatolg played by the compliance unit,
which includes compensators angular and linearemstalling HO to avoid unwanted
vibrational processes in the endpoint trajectoigpldicement of IR manipulation unit
compliance mechanism for fixing the fixed positidmFFP). Pliability joints secured by
using their spring design elements.

Information recording unit provides information abavailable installation error,
converting mechanical quantities of forces and musé the electric signal, further
processing and signal control output to enableisabte the MFFP. The specified func-
tion is achieved by using force-torque sensor asrsitive and perceptive about forces
and moments that occur during consolidation.H@evice of PW clamping elements.
Sketches of the basic units and units representedjure 1.

Lompliance unit

: Force-forgue sensor
N Mecharism for fixing
|
|
|

Ao 0o ¥ the fixed position

©

2,0 D

\0 (%)

o |

% : Lompensalor of angular
| error
| |

Handling object HO,., : [ Lompensalor of linear

——————— error

Fig. 1. Basic elements of UA GrIR to the effedt©f
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Moving TRK (GrOR + HQ;) in the service area of device of P¥émpliance re-
corded MFFP unit that provides opportunities to enav high speeds and at the same
time avoid unwanted vibrational processes in endgmsitioning GriIR. When clamp-
ing HO.; device of PWHO,; attached force-torque to load from the clampingaie
elements. Moment of load application is fixed imh@tion block, which produces sin-
ghalese unfastening of MFFP to provide certain el@s compensating compliance.
Thus, since the vast majority are device of Rdvtce-torque, is centering and setting
compensation of errors. Change force-torques laad$lQ.; shows the passage of
time fixing process, where the change signal frbengensor is constant. This suggests
that the transition is set to take place, all therenstalling themselves compensated,
so an information pack produces signal to turn df~M and recording site in compli-
ance compensated position, the final link of IR oged from service area device of
PW.

CONCLUSIONS

Using the combined method of adapting the examipleeoproposed UA increases
flexibility of automated production technology eftexbto increase the functionality of
the conversion process in establishing long HOewiak of PW,.
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A COMPARISON OF THE TRIBOLOGICAL BEHAVIOURS
MATERIALS MODIFIED OF BORON
IN THE SLIDING PAIRS

The aim of the present work is to determine thkienice of technologically produced
boron surface layers on the friction parametersthie sliding pairs under lubricated
friction conditions. The tribological evaluation dluded ion nitriding, powder-pack
boronizing, laser boronizing, hardening and tempgrsurface layers and TjRoating
deposited on 38CrAlIMo5-10, 46Cr2 and 30MnB4 stekledified surface layers of
annular samples were matched under test conditigitis counter-sample made from
AlSn20 bearing alloy. Tested sliding pairs werericdited with 15W/40 Lotos mineral
engine oil. The tribological tests were conductedaoT-05 block on ring tester. The
applied steel surface layer modification with bor@iowed creating surface layers with
pre-determined tribological characteristics requirdor the elements of sliding pairs
operating under lubricated friction conditions. Bmizing reduces the friction coefficient
during the start-up of the frictional pair and tmaximum start-up resistance level is
similar to the levels of pairs with ion nitride $ace layers.

1. Introduction

The surface of engineering components are subjéctedher stresses and greater
fatigue, abrasion and corrosive damages than teaon Therefore, more than 90 pct
of the service failures of engineering componengsimitiated at the surface. Surface
modification techniques are employed to improve régstance to failure by produ-
cing a hard and wear resistance layer around aasdftough core. Two major classes
of treatments available for enhancing the surfacepgrties are thermal and
thermochemical. Thermal treatment, such as flanteiaduction hardening, modify
the microstructure without modifying the surfacectistry, whereas in thermochemi-
cal methods, the surface chemistry is altered.idiliy and quenching and tempering
are well know surface treatment methods [1].

The boride layer is formed by diffusion of boromrat in the base metal at high
temperature [2-5]. Diffusion of boron into the swé of various metals and alloys
results in the formation of metallic borides whiphovide extremely hard (up to
2000HV), wear and corrosion resistant surface [6Tis treatment is a thermoche-
mical treatment in which a material is kept in admegiving environment from 850 to
1000C for 2-10 h [3, 8]. Various processes adopted foronizing include pack
boriding, molten salt boriding, vacuum boridingséa boriding, etc. The resulting
layer may consist of either single-phase borideB(lee FeB) or polyphase boride
layer (FeB and FeB. The tribological properties variations of FeBddreB layers
depend on physical state of boride source usedynbmng temperature, treatment
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time, and properties of the boronized material [Bflustrial boriding can be carried
out on most ferrous and non-ferrous materials. Biamg is very effective, especially
on grey and ductile iron or low alloy steel withramium. If boronizing is applied to a
material surface the resultant boride layer ina@sabke wear resistance considerably.
Furthermore, it decreases the friction coeffici@jt The use of ceramic materials for
many tribological applications has increased carsibly over the past two decades.
This is the effect of the unique combination of gedies of these materials, such as
low bulk density, high corrosion resistance, lowrthal expansion and high hardness
over a wide range of temperature. Titanium diboKi@i&,) belongs to this group of
materials and is well known for its high hardndsgh melting point, a relatively high
strength, high chemical stability at high tempematnd high wear resistance [10, 11].
Titanium diboride is promising class of advancedtemals which have a great
potential for tribological application.

The current boronizing processes allow obtainundage layers of high hardness
and high resistance to corrosion and wear, with lwtleness and no tendencies
towards cracking [4]. However, the operation chemastics of these layers depend on
the chemical composition, the structure of the axef layer, the method and
parameters of their production, as well as any iptesshermal treatment. The
modification of the surface layer with boron sholld selected upon the required
operating characteristics and the operating canwstof the kinematic sliding pairs [5-
7]. Thus, it is crucial to determine the influerthe boron modification the elements of
the sliding pair has on the operating conditiond wear during the lubricated friction.

2. Experimental

The aim of this work is to determine the influerafetechnologically produced
boron surface layers on the friction parametetiénsliding pair. The tribological tests
were conducted on a T-05 block on ring tester (E)gThree types of steel were used
in the creation of annular samples, 38CrAIMo5-18C® and 30MnB4 (Fig. 1).

a)

Fig 1. Simplified scheme of the block-on-ring teste) and the sliding pair; 1-annual sample, 2-
counter-sample (b)

Annular samples from 38CrAIMo5-10 steel were iomided in the atmosphere,H
+ N,, in the temperature of 58D and in the time of 6h. Annular samples from 46Cr2
steel were borided in powder, in the temperatur@s@°C in the time of 8h, and then
were isothermally quenched and hardened. In thenmng process, powder of the
following composition was used, B4C (30%), Al2038%), NH4Cl and NaF).
Annular samples from 46Cr2 steel were also laseded, with the use of CQOaser
(power of beam P = 2 kW, spot diameter d = 4 mnergy density 160 W/mmm
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tracking speed v = 16 mm/s, gas carrier —argong. @dronizing process consisted in
covering the annular sample with the layer of arhoys boron and liquid glass, and
melting with the laser beam. Also, the annular dasfrom steel 46Cr2 were covered
with the TiB, coating using PVD method (temperature 40)Gime 40min, pressure in
ionization chamber p = 2,5 x fObar). Annular samples from 30MnB4 steel were
hardened and tempered, hardening in the temperat@@FC and drawing temper in
the temperature of 450. Modified surface layers of annular samples wagrtched
under test conditions with counter samples made #f/dSn20 bearing alloy. Tested
sliding pairs were lubricated 15W/40 Lotos minemagine oil.

The on-site tests were executed by following a e algorithm, which
included the initial grind-in of the samples and torrect co-operation process at the
pre-determined load parameters. The grind-in wasw@ed on a test site at a load of 5
MPa until a complete adhesion of the annular samapké the counter-sample was
achieved. It was assumed for the starting phasehbaair would be accelerated from
a speed of n = 0 to 500 rpm in 30 seconds. Thednicoefficient to temperature ratio
was measured as a function of pressure, while teasorements of the pair co-
operation under the pre-determined friction coodsi were taken at the annular
sample rotational speed of 100 rpm and at a jumippwessure p = 5, 10, 15 and 20
MPa. The course of the friction coefficient, tengiare and wear as a function of
variable load were registered at real-time durhegtests.

3. Results and discussion

The co-operation of a sliding pair is characteribgdthe large dynamics of the
measured parameters’ values, due to external foBrgtgrmination of these changes’
tendencies is especially important in the startstggge of the frictional work. The
assessment of the occurring changes is possibtedistering the friction coefficient
as a function of variable sliding speed (Fig. 2)eTegistered charts present the typical
courses of the friction coefficient for the ‘rindgelbk’ frictional pairs under the load of
20 MPa. During the first start-up phase, a rapraase in the frictional resistance
occurs, followed by its significant drop. The regied courses of the friction
coefficient for the higher sliding speeds are dsifexd. There are sliding pairs, with an
increase in the sliding speed of the annular sampéch cause the increase in the
friction coefficient. These variations occur in tpairs with nitrided surface layers,
after exceeding the sliding speed of 0.6 m/s aner &.2 m/s for the pairs with the
TiB2 coating. The measured value of the frictioeféigient level in the associations
with the laser borided layer and TiB2 coating egugbproximately 0.11. As for the
pairs with 30MnB4 steel annular samples, an ina@ashe sliding speeds leads to the
stabilisation of the friction coefficient valueshile the powder-park boronizing pairs
exhibited a decrease in this value (to its lowestsfble level = 0,02) along with an
increase in the sliding speed.

Another significant aspect pertaining to slidingrpas to determine the value of
the start-up moment (Fig. 3). During the tests, ltheest friction resistances were
recorded for the pairs with ion nitrided, powdeckaborided and hardened and
tempered surface layers, which have similar valfeapproximately 8 Nm (at 20
MPa). Significant increases of the friction momé@m about 20%) occur in pairs with
TiB, coating and laser borided surface layer of anngéanples. Similar moment
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changes are observed at the pressure of 10 and®h5 Mhe pairs with nitrided surface
layers and TiB coating reach the friction moment value at aboMn2 under singular
pressures (at 5 MPa), while the pairs with lased pawder-pack borided surface
layers have the friction resistance values highgrlb%. The observation of the
friction parameter changes during the start-up @tials about the behaviour of the
system during its further work. The most favouraterating conditions are present
in sliding pairs in which the friction coefficiemticreases in the initial stage of start-up,
and then decreases significantly and stabilisedf itd a constant level. The value of
the moment determines the energy demand of themyspon its start-up. Those
sliding pairs which exhibited the tribochemical gitpuium within the shortest time
generate optimal conditions for their further opiera The changes registered are the
result of physiochemical processes and the chamgéke friction surface micro-
geometry due to the adaptation of the system t@dneitions of external forces [12,
13]. In the sliding pairs, which exhibit a signditt decrease in the friction coefficient,
the improvement in the friction conditions dependshe increase in the effectiveness
of the lubrication by the oil coat, due to the @rig tribochemical changes. These
changes are shaped by the existing load state eofkitiematic sliding pair, the
temperature levels and the chemical reaction ocauwithin the area of friction. As
an effect of the changes in the oil chemical contjprs and the synthesis of new
chemical compounds, a boundary layer is createdchastrengthens the anti-wear
layer by changing its structure and decreases theement resistances. These changes
lead to the further decrease in the friction rasise, accompanied by the increase in
the sliding speed of the annular sample [12, 1B Pairs with stable courses of the
friction coefficient the surface layer of the elethgrovides sliding characteristics,
which allow the equilibrium of tribochemical phenena within the contact area. This
equilibrium allows inherent regulation of the preses occurring within the friction
area, which stabilises the resistance values degpatincrease in the sliding speed.
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Fig. 2. Influence of surface treatment annula Fig. 3. Influence of surface treatment annular
sample on change of friction coefficient vs. sample on moment of friction in function

rotation speed and load 20MPa; A — ior load of kinematics pair; A — ion nitrided, B —
nitrided, B — pack borided, C — quenched an pack borided, C — quenched and tempered, D
tempered, D — coated TiBE — laser borided — coated TiB, E — laser borided
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In order to determine the effect of the test doratn the friction processes, the
measurements of friction resistances were madererdgtermined load conditions
(Fig. 4). The registered courses of the frictioef@oient indicate a similar character
of changes in the surface layer of pairs with déd, powder-pack borided, hardened
and tempered layers. Despite the initial differenbetween the friction resistances
after 300 seconds of operation, the level and hiaeacter of these changes is uniform,
and the friction coefficient value is about 0.08.the surface layer of other pairs, a
significant increase in the friction resistancenwted; the pairs with powder-pack
boronizing annular sample have the resistance icaefit of approximately 0.15, and
0.17 for the TiB coating. The temperature values taken in theidnicareas at the end
of the test fall between 80 and 90 °C and can bge@d ascending, for the annular
samples used as follows: hardening and temperiogyder-pack boronizing, ion
nitriding, laser boronizing and TR oating .
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Fig. 4. Influence of surface treatment annular damgn friction coefficient and temperature in
function time of test; A —ion nitrided, B — pacéritied, C — quenched and tempered, D — coateg TiB
— laser borided

In order to determine the effect of the test doratn the friction processes, the
measurements of friction resistances were madererdgtermined load conditions
(Fig. 4). The registered courses of the frictioef@oient indicate a similar character
of changes in the surface layer of pairs with aéd, powder-pack borided, hardened
and tempered layers. Despite the initial differenbetween the friction resistances
after 300 seconds of operation, the level and hiaeacter of these changes is uniform,
and the friction coefficient value is about 0.08.the surface layer of other pairs, a
significant increase in the friction resistancensted; the pairs with powder-pack
boronizing annular sample have the resistance icagfit of approximately 0.15, and
0.17 for the TiB coating. The temperature values taken in theidnicareas at the end
of the test fall between 80 and 90 °C and can bge@d ascending, for the annular
samples used as follows: hardening and temperiogyder-pack boronizing, ion
nitriding, laser boronizing and TR oating .

23



400 120

100

300

0]
o
|

D
o
|

200 -

W

il
R R R R R RN &
Temperature T [°C]

Friction Force [N]

N
o

100 +

N
o
I

A R R R R

[ SRNNNNNNNNNNNNNNNNNNNNN NN <

(@)
O
m
> 5
w
O
O
m

A B

N5 MPa 010 MPa 7 15 MPa @20 MPa
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Significant changes of the friction force and tenapere values within the friction
area occur under singular pressures p = 5, 10nds28 MPa (Fig. 5). The friction-
force level values for the pairs with ion nitridingowder-pack boronizing, hardening
and tempering samples are similar and do not ex2@@d (at 200 MPa). Its value for
the laser boronizing pairs is 270 N and amount4tb N for the TiB pairs. The low-
est friction force values at low-pressure condsgidat 5 MPa) were measured in pairs
with nitriding and powder-pack boronizing samplés.the pressure of 10 MPa, the
friction force increases by 50% in pairs with powgack borided surface layer in
comparison to the pairs with nitrided layer. Furtimerease of pressure up to 15 MPa
in a pair with powder-pack borided surface layecrdases the tendency toward the
rise of the friction force. The hardening and tenmg laser boronizing and TiB
coating pairs exhibit the intensity of changes imitihe pressure range of 5 to 10 MPa
at a similar level. The temperature measuremetitssfimg the conclusion of the tests
have indicated the lowest heat in sliding pairdhwite hardening and tempering sam-
ples (below 88C). The highest temperature values were notedh®rmhirs with the
TiB, coating (about 1PC) and powder-pack borided surface layer {0)4. The
change of the surface pressure affects the temyperaicrease within the pair’'s adhe-
sion area proportionally. In the nitrided and powpack borided surface layer pairs,
the intensity of the temperature increase is smédlethe low-pressure range (5-10
MPa) than for the higher pressures (10-20 MPajhénsurface layer of all other pairs
tested, however, the changes tend to be quite gpesite; higher singular pressures
will decrease the intensity of the temperaturegase within the friction area.

The registered courses of the friction force amdpterature reveal the ability of
the sliding pairs to adapt to the friction condigan the extension of the pair's opera-
tion time. The changes occurring in the reactiorihef pair to the stabilised forcing
upon the start-up, and to the time flow, explairethler the system allows for a long-
term and reliable operation or not. In the inipariod of the pair’'s operation, there is
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always an intense increase in the friction coedfiti followed by its drop and stabili-
sation or increase. The stabilisation of the foictresistances indicates the adaptation
of the pair composition to the existing forces dhd generation of stable anti-wear
and anti-seizure layers. The layers ensure theratpa of the co-operating surface
layer areas and a reduced rate of direct adhestmekn the surface irregularities
[12]. These conditions create a state of equilibrihetween the processes of layer de-
struction and creation within the tribochemicalg@sses occurring in the friction pair.
The changes of the friction resistance and tempexatllow assessing the probability
of the kinematic sliding pair’'s failure caused Ihe tacting external forces and the
emergency use of the pair [13].

These load conditions were also used for the wesasorements of the AISn20
bearing alloy. The lowest wear was measured forspaith nitrided, pack borided,
guenched and tempered samples and did not excé&dn@ of the bearing alloy’s
mass, while the value dispersion was below 20%. (6)g The pairs with the TiB
coating and laser borided surface layer exhibitogimwice the wear of the AISn20
above, amounting to 0.015 mg for the laser borglefhce layer and 0.018 mg for the
TiB, coating.

The occurring differences
in the wear of bearing alloy
and the absence of measurat 002
surface layer annular sampl
wear changes are the effect 0015
the interaction between the cc
operating surface layers, &
well as of the physiochemics
changes of their surface:
induced by external forces
These phenomena result froi
the elementary wear process 0 -
occurring within the contac A B c D E
area of the sliding pair, on th
elementary surfaces of th

cooperating layers. The

lubrication factor is crucial for Fig- 6. Influence of surface treatment annular derop wear of
. AISn20 bearing alloy under various load conditioAs= ion

these processes, as It creal nitrided, B — pack borided, C — quenched and teetheb —

favourable or unfavourable coated TiB, E — laser borided

friction conditions, depending

on its transformation. These

changes contribute to the generation of boundarmgréaon the layers created, which
are either highly resistant to ruptures or are kjyidestroyed under variable operating
conditions. The co-operation conditions also ineltlkde secondary phenomena of the
friction and wear process. Among these are thectsffef the wear products on the
frictional surface layers, transmission of one daatis particles onto the other,

electron emissions and the corrosion current fldwW].[ The material transmission

processes were observed mostly in sliding pair wabk borided surface layer and
TiB, coating (Fig. 7).
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Despite the presence of a lubricating factor, axasiaprocesses are also present in
the mixed friction conditions and create oxideglmsurface layers of the cooperating
elements (Fig. 8). The oxides lead to the decre@ddbe friction and wear factors
within the friction processes; however, in unfawahle conditions, hard and brittle
oxides increase the wear [15]. The high wear ofibgaalloy observed in pairs with
the TiB, coating is explained by the increased initial scefroughness and the load of
the system. Due to the influence of the hard aneabe areas of the second material, a

Fig. 7. SEM images of (a) pack borided surfacerlaye (b) TiB coating layer after test
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Fig. 8. SEM analysis of pack borided surface |afear test

stress concentration occurs, which leads to tlegantion between the two surface lay-
ers and a more intense abrasion of the softer rahatdihese changes may lead to
smoothening of the surface and removal of its ulagties which eliminates the po-
tential sources of further material transfer arablises the wear process. However,
the hard wear products created in the friction esscinduce chipping, slicing and
grinding, which intensify the wear process. Thermgmenon of macroscopic diffuse
aluminium flow occurring in the section of the sgé plastic deformation may lead to
increased aluminium concentration, in the Jd®ating, adhering directly to the fric-
tion surfaces [16]. This increases the bearingyallear, especially because the created
TiB, coating is characterised by a non-uniform and neatied distribution of the peak-
to-valley height. The examination of the rough Isyandicates that the wear of the
surface layer in the friction process depends nbot on the peak-to-valley heights, but
also on their shape and the direction of the maailines. Decreased surface wear is
observed with the greater surface roughness wheendfoperating surface layers have
the machining lines parallel to the sliding direat{17].
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4. Conclusions

On the basis of these investigation, the resulthisfstudy can be summarised as
follows:

1. The applied steel surface layer modification witbrdn allow creating surface
layers with pre-determined tribological charactessrequired for the elements of
kinematic sliding pairs operating in the conditiafsnixed friction.

2. The process surface layers on annular samplesrajedeby nitriding, boronizing
and hardening and tempering, as well as by PVDndiddemonstrate measurable
wear.

3. Powder-pack boronizing reduces the friction coedffit during the start-up of the
frictional pair and the maximum start-up resistalese! is similar to the levels of
pairs with ion nitrided surface layers.

4. The use of hardening and tempering 30MnB4 stedliting pairs ensures the
operating parameters and bearing alloy wear rato samilar to the sets with
nitrided steel.

5. The highest friction resistance and bearing allamwlevels were measured in
sliding pairs with laser borided surface layer #r@ TiB, coating samples.
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MODEL THAT RATES TECHNICAL EFFECTIVENESS
OF PRODUCTION

This paper is about the model that rates technédfdctiveness of production. This paper
is applied on selected company, which has probletis technical criteria that are
important for technical effectiveness of productidhe last section of this paper presents
proposed model that rates the technical effectisemd production, which could be used
(maybe with modification) in the production compgemni

INTRODUCTION

Maximising productivity and the effectiveness ofeogtions are a key element of
companies' strategic plans and is a key concerbusiness managers in every indus-
try. Developments in technology, globalisation aag-for-performance compensation
programs have led to unprecedented improvementisiker productivity, shareholder
value and worldwide standards of living [2].

The pace of change has been very rapid with corapameeding to adapt very
quickly to these changes in order to prosper, @oime cases even to survive. One of
the three conditions necessary for an economy tecbaomically efficient is to be on
its production-possibilities frontier. If it is n@in the production-possibilities frontier,
more could be produced with the given resourcestectthology. Any position below
the production-possibilities frontier is inefficigrbecause we can increase production
and value [1].

THE LEVEL OF EFFECTIVENESS

Effectivenesds functional characterization of business actgitilt characterises
overall rationality of business activities as adiwdual system, which operates only
on the base of effectively assured marginal ratatiith surroundings. [4] Effective-
ness is the term, which reflects some conditionsc@hpany development. Their
change in actual time will change contents of g¢ivetess too. Globosity and hetero-
geneousness of objective conditions causes, tfettekeness is synthetic and hetero-
geneous term.

Synthetic is described by focus of effectivenessustantial issues of company’s
economic development, beginning with discoveringl arse of resources (labour
force, working resources and working things), theansformation on useful things
and ending with their consumption.

Application of the term effectiveness in variousiext causes, that it practically
gets heterogeneous character. Effectiveness ceulshtberstood as a successful manu-
facturing activity, use of a new technology or wariganization, decrease of the rate
of production usage and total costs, increase etitle-run, uniformity of production
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and products quality, elimination of work difficyland raising workers performance
etc. So effectiveness reflects the new qualitagieenents in the manufacturing activi-
ties, eventually in other parts of reproductiongaess. Effectiveness could be under-
stood as the ratio of achieved results and amouiried, and this ratio should be
maximised. It means to achieve the maximum or agdtm@sults with minimum or op-
timal resources. In general effectiveness couldrimerstood as the optimal utilisation
of sources, means and human work results by exgioiaws of nature, society and
thinking in achievement of socially useful goalk [6
The level of effectiveness reflects quantitative gnalitative rate of conformity of
goals (estimated on the base of knowledge and tgesocio—economic laws) and
resources necessary for their achievement [5].
The theory is using various terms of effectiveriégs
» Technical effectiveness — consist in exploitatiowl &ransformation of natural
forces and material to the human applicable forms,
» Economic effectiveness — is based on use of staoia (especially economic)
for universal development of economy,
» Social effectiveness — reflects effectiveness wéigisocial system in compare
with former system, as well as effectiveness ofenitty developing economic
systems.

THE QUALITY AS THE IMPORTANT FACTOR OF TECHNICAL
EFFECTIVENESS

The quality is the important factor of technicdleetiveness, because it represents
the ratio between the inputs and outputs.

It should be noted that the production of certgpes of mouldings there is a huge
waste in the selected company. Even if the complaiares that it uses almost all of
the waste through re-injection of the rigrid madkrihat material is no longer anything
like as good properties as the original materias \\8]. The evaluation assessed the
quality of mouldings based on data the companyiétafrom the company for a pe-
riod of 31 days (randomly selected days) and tha d&re compiled from 3-the shift
operation.

The production process was rated for a random 84 dad it showed that in each
reporting date, there have been a large numbeegjetts, which suggests that in the
production is an ongoing problem with low-qualitypgucts.

The production in the selected company is in coamgle with all legal require-
ments that are imposed on different types of marufad products. However, it is
possible to observe in the company's quality mamagée system's many weaknesses.
In the manufacture of products the company shaulplement a system of compre-
hensive quality management, but this system shooldnly be a stated objective of
the company, but should prove to be as real adighwthe company would have to
prove their interest in the Quality Management 8ys{QMS) [6].

Quality control extends to all levels of flow (jgessing) of materials, because
the total control process includes an input comfalaw materials, intermediate con-
trol of semi-continuous production and final prodimspection (Fig. 1). If the material
does not comply with quality requirements, it slioabt be released for processing,
respectively to distribution.
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Initial inspection of raw materials
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A Total quality control E

Continuous and inter-
operational control of semi-
produc

o
Juod uononpoid snonunuod

Output control products

Fig. 1. Total quality control [6]

THE PROPOSED MODEL OF TECHNICAL EFFECTIVENESS

It can be stated that at present it is not yet kibgesl a comprehensive evaluation
model of technical effectiveness of production tasfic moldings, and therefore can
not be used in the practice. The companies dotéhthwith technical effectiveness in
many cases, respectively they involved with thénéezal effectiveness only when it is
quite obvious, that the production did not meetnethe minimum criteria of effective-
ness. This fact makes the reality that in many comgs is often impractical spend
huge investments and eventually these companiemntayot benefit from this activity
because their use is not on the production fromtretr technical effectiveness of pro-
duction is not at the desired level [6].

Proposed model was applied to the selected compbamyt, can be stated that after
adjusting the input parameters, the model can bd usth other companies that spe-
cialize in the manufacture of plastic moldings.

Proposed model for the rating of technical effertess of production of plastic
moldings consist of a number of successive stegsansistent practice respecting all
the steps of the model should contribute to a smfisd increase in production effec-
tiveness in production companies.

Model that rates the technical effectivenessaseld both on the procedures that
rate technical and technological parameters otiige moulding process, as well as
the previously known procedures used in the evialnatf technical effectiveness. The
model tries to find an adequate link between thes®e evaluations and to combine
them into a single unit desired level. The propasedel is showed in the Fig. 2 [6].
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MODEL THAT RATES TECHNICAL EFFECTIVENESS

Evaluation of quantitative factors

=

Evaluation of qualitative factors

v

Criteria Technical effectiveness Rating
All qualitative and quantitative criteria on the

X Very good level 1
asking level
All quantitative on the asking level and at leag Good level >
half of the qualitative criteria on the asking ley
All qualitative on the asking level and at least
half of the quantitative criteria on the asking | Sufficient level 3
level
At least half of the quantitative and half of the . . .

o o : Technical effectiveness frontier 4
qualitative criteria on the asking level
At least half of the quantitative criteria on the
asking level and more than half qualitative crii Small problems 5
ria under the asking level
At least half of the qualitative criteria on the
asking level and more than half quantitative c| Middle problems 6
teria under the asking level
More than half quantitative and qualitative crif .
. . Big problems 7
ria under the asking level
Quantitative factors Weight of | The required indica- Qualitative factors Weight of

criteria tor values criteria
Machine failure 0,08 effort to minimize .
Machine Maintenance 0,04 | effort to minimize Machine type 0,09
sﬁgglldmg of the ma- 0,06 effort to minimize Machine Operator 0,08
Machine Performance 0,08 | effort to maximize Staffin 0.15
Defective products 0,08 | effort to minimize 9 '
Energy Consumption 0,08 | effort to minimize Readiness for Innovation 01
Sprue system 0,1 effort to minimize
;ﬁpfeofmd multiplicity of 0,09 effort to minimize The geometry of the produgt 0,15
Duration of cooling 0,02 effort to minimize Acceptance of the produc- 0,13
tion plan

Consumption of material 0,08 | effort to minimize Type of material 0.15
Injection Time 0,07 effort to minimize
The _Ievel of product 01 effort to maximize Reql_ured characteristics of 0.08
quality the final product
COhriﬁéable time of the ma 0,04 effort to maximize Machine availability 0,07
Stoppages 0,08 | effort to minimize
Overall 1.00 Overall 1,00

Fig. 2. The proposed model of technical effectiasné]
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CONCLUSION

This article is based on the need to monitor atelttee technical effectiveness of
production as one of the most important competitegs aspect of mechanical busi-
nesses and their application on the global maikas work is oriented on the rating
of effectiveness of production by moldings fromsties and as the most deciding as-
pects were selected especially technical and asoaenic effectiveness.

By rating the effectiveness of production was l#iel big stress on the fact, that ef-
fectiveness is the combination of the technical #wedeconomic effectiveness.

Technical effectiveness was mostly rated with tineutation software Moldflow
Plastics Insight. The most important section isgheposed model, that rate technical
effectiveness of production. This model was apptedelected company, where was
well founded the assumption, that effectivenesgrofduction is not on the desired

level [6].
REFERENCES
1. Beaumont J.P., Nagel R., Sherman BRuccessful injection moldingHanser publisher,

Mnichov, 2002.

GreSkowt F., Spisak E., DuleboV: Vplyv regranulatu na zmenu vlastnosti plastov Acta
Mechanica Slovaca. ¢010,¢. 2b (2006), s. 135-140. ISSN 1335-2393.

GreSkowt F., Spisak E.Vplyv mnoZstva regranulatu na vlastnosti plastu PRO-TECH-MA
05 : Progressive technologies and materials : nat@nal scientific conference : Rzeszéw -
Bezmiechova, Poland, 28th June-30th June, 2005.sZBwe : Oficyna Wydawnicza
Politechniki Rzeszowskiej, 2005. p. 44-48. ISBNAB9-356-0.

Krylov A.l.: Analysis of production efficiency, technical proggeand economic mechanism
Monograph. - M., Finance and Statistics, 168 p9119

Malega P., Spisak E., GreSkowr.: Economic effectiveness by plastics injection mgldin
process In: PRO-TECH-MA "07, Rzeszév — Bezmiechova, Pdlgn 39 — 40, 28th June —
30th June 2007, ISBN 978-83-7199-443-2.

Malega P.: Prispevok k metédam hodnotenia ekonomickej efelstivivyroby vyliskov
z plastov Pisomn& praca k dizetteej skiSke na ziskanie vedecko — akademickej htidnos
philisophiae doctor, 2006.

Vidova J.: Metodika hodnotenia efektivnosti nekon¥rgreh technolégii Pisomna praca
k dizert&nej skuske, KoSice, 2000.

33



34



ZESZYTY NAUKOWE POLITECHNIKI RZESZOWSKIEJ] NR 274
Mechanika z. 81 2010

Jozef MALEJCIK
Janette BREZINOVA
Anna GUZANOVA

Technical University of KosSice, Slovakia

HIGH SOLID COATINGS QUALITY
IN SELECTED CORROSION MEDIA

The ecological approach to surface treatments witffanic coatings requires a
reduction in the proportion of coatings containimplatile organic solvents,
VOCs - Volatile organic compounds. One of posssdkitions is to substitute
solvent paints by water diluted and high-proof miats. The contribution
presents the results of research aimed at estabfishigh solid coatings quality
by accelerated laboratory tests in conditions dffeial atmosphere.

INTRODUCTION

Environmental protection and particularly big ecomcal costs for production of
coatings with high content of volatile organic satts have a major impact on the
development and use of new - ecological (greendiroag@ The objective of this effort
is to reduce the amount of volatile organic comusuVOCs - Volatile organic
compounds) released in any production process timoatmosphere as much as
possible. One form of solution is the substitutmnthis paint by water-based high
solid (HIGH SOLID) materials. [1,4]

The paper deals with features evaluation of highdsocoating compared to
synthetic paint coatings after exposure to coresmwvironment. Electro-chemical
characteristics of the pre-treated blasted surfacethe basis of electrode potentials
were evaluated [2].

MATERIAL AND METHODS

For the experimental work hot-rolled steel sheeB53RG2 with thickness of 2
mm was used. Pretreatment of the surface was dasteby a laboratory pneumatic
blasting machine TJVP - 320 at a pressure of 0.4 &Rl the nozzle distance from the
sample 200 mm. Pretreatment of surfaces was daotie using two types of angular
abrasives:

a) GBM natural garnet - almandine Rk (SiOy)s, grain size 0.56 mm,

b) brown corundum - Al203, grain size 0.56 mm.

Roughness parameters were determined by styluggoneter Surftest SJ - 301,
Mitutoyo, according to EN ISO 4287 - Profile methdthe activity of the blasted sur-
face was evaluated on the basis of changes irratiecpotential versus saturated calo-
mel electrode i mmediately after blasting, alsemft, 3, 6, 12, 24, 72, 120, 240 and
576 hours of exposure of the samples in the intema exterior. The test electrolyte -
SARS “simulated acid rain" of pH = 5.0 was usedjcolhby containing present ions
simulates a slightly acidic atmospheric rain. kswposition is shown in Tab. 1.
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N _ On the blasted surfaces, at 0.2 MPa
Table 1. Composition of SARS solution at pH pressure following coatings were applied by

=5.0 :
. spraying:
Chemical Concentra’gon - S2330 - the dispersion of pigments and
[mmol . I fillers in a mixture of epoxy resins based on
HNO, 0.01 bisphenol A and low-viscous epoxy resin
NaCl 1 reactive diluent modified with the addition
(NH.,),SO, 1 of solvents and additives. -

- S2556 FERRO COLOR S - synthetic anti-
corrosion coating (2inl).

Average thickness of the dried coating wag.8b To evaluate the adhesion of the
coatings after exposure to the corrosive environtsem methods were used — Cross-
cut test - STN EN 1SO 2409 and Pull-Off AdhesiorsfleEN ISO 4624. To determine
the quality of the coating samples were exposetivio environments, in a humid
environment with the presence of sulfur dioxide f5&rcording to EN ISO 3231 and
by the full i mmersion of the samples in 20% salntof potassium ferrocyanide (K
[Fe(CN)6]) in distilled water (STN 03 8135). To ass the protection effectiveness of
selected coating, on part of the samples was maplerienental cut before entering
into the corrosive environment, according to DINL63.

RESULTS

Arithmetic mean deviation of the profile (Ra) measuafter blasting with brown
corundum reached the value of 6.03 mm and aftestiblg with almandine 5.23 mm.
Fig. 1 shows measured values of specimen poteaftied blasting by corundum and
almandine. Blasted surfaces reached approximatelysame value of the surface
activity. For both surfaces, the decline in acyivinore pronounced in exterior
exposure samples, which showed an increase in #esumed corrosion potential.
Corrosion processes on the metal surface run moeasively due to the nature of the
environment in the exterior. Surface activity deses with increasing time of
exposure of the samples.

Time after blasting[h] Time after blasting[h]

0,2 0,2
0 1 3 6 12 24 72 120 240

0 1 3 6 12 24 72 120 240

0,25

03 03

> 03 — > 035 /
T e T o
g -045 M 8 a5
E 05 //‘/v ¢ interior E 05 'Y ¢ interior
' ,//’ exterior /V exterior
-0,55 -0,55
-0,6 -0,6
a) b)

Fig. 1. Surface activity in the interior and exterafter blasting by
a) brown corundum, b) almandine
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Adhesion of each coating was evaluated on samplé®eiunexposed state and after
576 hours of exposure in corrosive environmentsrbgs-cut test and pull-off test.

Table 2 shows the preview of the final appeararidbe samples after 576 hours
in a humid atmosphere with sulphur dioxide, after grid examination. In another, the
quality of coatings was evaluated by pull-off téisg results graphically shows figure 2.

envirenment /
pretreatment
12 1
-
£ Ly
w

%E o g 08
5 E% £ 06 H initial state
[ ‘n
2Ry % 04+ B after 504 hours

&
8 E 2 1 gter 672 hours
5 02
2t |
g 0~

wem— Garnet  Corundum  Garnet  Corundum
classification 7 3

S2330 52556

Table 2. Cross-cut test of the samples before and Fig. 2. Change in adhesion before and after
after exposure in simulated aggressive environmengexposure of samples in corrosive environment

Appearance
BM ; 5 The first defect
4 " Evaluation at the first A S
coating The first defect | At the end of defect manifestation after [h]
manifestation EXposition
garnet Medium density
- of ns.!:rm.ii: blisters 168 a)
52556 of site <5 mm
corundun Large lI‘.*:E‘ﬂ:SII."f
of osmaotic blisters
; i 72
5 2556 of site < 5 mm a)
garnet Very low density of
= osmotic blisters , ood
5 2556 just visible in the
normal projection b)
corundum Medium dE'n'SIEt'f of
Fl osmaotic blisters, i
5 2556 just visible in the
normal projection
b)

Fig. 3. Evaluation of protective efficiency of ajgal coatings on the samples after exposure in: a)
condensing chamber containing 50) 20% NacCl
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Effect of the pretreatment on the decrease of wgatiadhesion did not
significantly express. Adhesion of both appliedtocags due to their exposure in the
corrosive environment decreased. Higher adhesianreached for high solid coating
(52330) after exposure of samples in both corrogineironmentsCoatings were
degraded by forming of osmotic blisters (Fig. 8g humber and size with increasing

exposure time was expanding.

In the next phase of experiments corrosion in thmwy of artificially created test
sections was evaluated (Fig. 3). Corrosion andosayn distance from this section
gives an indication of the electrochemical influerad anticorrosive pigment used in
the coating [3]. More protective effect in selectgde of corrosion environment was

showed for high solid coatings.

E] ' q{ ‘
% 1

"
Ll

&)

'I

garnet broun corundum
52330 5 2556 52330 5 2556

Fig. 4. View of the cuts on the samples after eypom:

a) condensing chamber containing,S®) 20% NacCl
solution, mag. 40x
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RESEARCH OF LAP THERMAL DEFORMATION

AT OPERATIONAL DEVELOPMENT OF OPTICAL
SURFACES AT THE EXPENSE OF A TEMPERATURE
VARIATION OF POLISHING SLURRY

The outcomes of experimental research of tempegatfiuencing of polishing slurry on

machining accuracy of optical surfaces are resuli¢dlifferent rotational speeds of the
lower link at operational development by laps wathdifferent profile of cross section.
The guidelines on perfection and implementation opfical surfaces operational

development at the expense of a temperature vamiafi polishing slurry are given.

INTRODUCTION

Nowadays in the sphere of optical-mechanical ingugte production of complex
and unmanufacturable, the so called “high-techsésn which demands machinery ac-
curacy, gathers pace. Taking into account labodr raaterial resources, the task of
advanced manufacturing process creation of optetdils that will allow to reduce
workers’ qualification and to increase the quadifyoutput goods, is of current impor-
tance.

The most labour-intensive process of the workflewvineaking; it takes up to 40%
of time spent on part cutting. The fundamental igpahting of workpieces is achieved
at this stage, so its perfection gives a promissag for the problem solving.

Currently, at the tweaking stage of optical defgisches of different mixture are
mostly used as polishing materials. However, tloe@ss control as well as the form of
the workpiece surface is based mainly on practicalhods. These methods are not
clearly characterized and their efficiency is definpurely by the performer’s skills
and experience, considering strong requirementshimiform accuracy of the optical
surface [1].

From the authors’ point of view, at the tweakingg#, the use of tools with mem-
braneous foamed polyurethane substrates givesreetia reduce the time spent on
polishing from 1,5 to 5; to increase the yield B#& to cut the use of accessory mate-
rials; in other words, to intensify the procesdinél treatment of sensitive optical sur-
faces and to stabilize the derivable accuracy paians.

Owing to the research done before, it is evideat thihile using the polishing
foamed polyurethane substrates, we can successfutiyol the tweaking process at
the expense of thermal variations of polishing saspn in the cutting zone. At the
same time, this process of control in combinatiath uhe above mentioned advan-
tages, can decrease the performer’s qualificatemabse of its realization simplicity.
That is why, doing research in this field is ofeirgst.
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THE OBJECTIVE OF THE GIVEN RESEARCH

Nowadays at the tweaking stage of optical surfattese are no guidelines con-
cerning the choice of optimal form of a lap bodeTconstructions of lap bodies that
are used can be theoretically divided into thremugs with different forms of cold
face, that is with different profile of cross secti dilative, concentric and convergent
from the centre to the brim.

According to the theoretical research carried quthe authors [3], intended ther-
mal deformations for these types of lap bodiesdiiferent. That is why, for using
thermally controlled tweaking, the choice of optirfteam of a lap body is essential.

The aim of the research work was to define theuarite of a lap body profile on
machinery accuracy of optical surfaces and thelgyabf the achievement of desired
precision parameters in the terms of tweaking tlaékrariations.

THE OUTCOMES OF THE EXPERIMENT AND THEIR DISCUSSION S

As test subjects, laps of different constructioasehbeen used (Fig. 1), made of
aluminum alloy AL2 State Standard 1521-76. Thegtatig foamed polyurethane sub-
strate PPM-1-1 TC OP.004, adjusted in compliand¢k mcommendations, was put on
the interior lap surface [2].

B 55 B 27 R
Rk S
i [ ) ]
& 'L L &
i u'Ir m F T L
‘g5 & 57 % 57
P 57 @ &7
a) b) C)

Fig. 1. The constructions of the lap bodies usetthénresearch work: a — with the dilative proftbe:-
with the concentric profile; ¢ — with the convergéom the centre to the brim profile.

During the research process, the treatment of cospéerical surfaces within a
radius of 39,02 mm and optical lense$’STm in diameter made of glass LK7 fixed
in devices on a pitch layer with the help of elastiethods has been carried out. As a
preliminary, the intermediates were polished witke abrasive on a steel tool; aque-
ous suspension of white electrocorundum M10 withridationship between solid and
liquid phase S:L = 1:3 was used as abrasive. Wergknce of the intermediates from
the standard following the flexure pointer was aimed within h = -#-*mkm. The
quality control of the polishing process on theklaaf scratches, popouts and the
smoothness of microrelief was implemented visuaily the help of a sixfold magni-
fying glass.

The tweaking of optical surfaces was carried outaobatch-produced machine
model 6SHP-100M on the following conditions: thetail rotational speed is 90, 180
and 360 revolutions per minute; the tool sweepueegy on a detail is 40 double
strokes per minute; the tool amplitude is 45 mra;tthhe spent on one detail polishing
is 30 minutes; the pressure in the cutting zorz(0$3 MPa.
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Fig. 2. The dependence of the form N total errothef machined surface of the optical lenses on the
temperature of the polishing suspension at lowss fiotational speed of 90 (a), 180 (b), 360 TN
while using a lap with: 1 — the dilative profile;-2the concentric profile; 3 — the convergent peofi
from the centre to the brim profile
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At this stage, the polishing suspension with thatienship between solid and
liquid phase S:L = 1:40 was used as a technologiwadium. Up-to-date batcher
PAS-30T provided the polishing suspension deliverth the consumption of two
Iigrses per minute and its temperature in the rafigen 16 to 40C accurate within
05,

The form accuracy of machined surface was check#dimterferometric method
with the help of trial glass and the polishing giyatonsidering tape, thin coating,
scratches, spots was controlled by means of aldixfiagnifying glass.

Figure 2 shows the dependence of form N work serfatal error at different
temperature variations of the polishing suspensind at different detail rotational
speed at operational development by laps with gerdiht profile of cross section.
According to the research, irrespective of lap bedconstructions, temperature
increase of cooling mixture from 16 to 40°C entailsrk surface radius rise, so it
leads to form N total error increase.

While treating at low speed {& 90 revolutions per minute), it was noted that at
temperature above 28°C matt layer didn’t come affdiemained in the centre of the
work surface after treatment time. Besides, lustas seen on a lap work surface,
and it's because of the prevalence of the detdibemce on the lap. At the same
time, the detail is a tool against the laps. Theraase of treatment time and the
pressure in the cutting zone leads to partial mggaisition in the centre, that is to
“matt ring” formation. This phenomenon was obserwddle using all three types of
lap bodies. The presence of short finish preclutted form accuracy control by
means of work trial glass, that is why form N tatador control was fulfilled with the
help of indicated spherometer, and it also didetpho conclude about fortN site
error at given temperature variations (Fig. 3). ¢&nwe can conclude that the
tweaking with the foamed polyurethane substrates iss not effective at this
rotational speed of the detail.

At the detail rotational speed of 180 revolutiores minute, the defective layer
made at the previous treatment came off complefetgording to figure 2b, while
using a lap with the convergent profile at the givetational speed, the dependence
of the form total error is linear, besides, onesiférence ring change took place at
4°C. The form site error is constant at all tempaeauariations and does not exceed
0,3 interference rings. The linearity is broken floe other two types of laps: while
treating the polishing suspension at temperatubese 28C, the treatment is more
intensive. So, for a lap with the dilative profdé cross section (Fig. 2a), the change
of N total error on one interference ring at tenapares below 2Z& occurs every
8°C, and at temperatures above€@&ccurs every €. While using a lap with the
concentric profile of cross section (Fig. 2b) ahperatures of cooling mixture above
28°C the same change of N total error takes placeye®’€. The formAN site error
(Figs. 3a, 3b) for these laps ranges from 0,3 #® idterference rings at all
temperature variations and the intermediates wtati speed. According to the
research, one can realize the tweaking processata@itthe given rotational speed,
using a lap with the convergent profile.
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Fig. 3. The dependence of the forAN site error of the machined surface of the optieases on the
temperature of the polishing suspension at lowsds lbtational speed of 90 (a), 180 (b), 360 T
while using a lap with: 1 — the dilative profile;-2the concentric profile; 3 — the convergent peofi
from the centre to the brim profile
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The dependence of the form total error formatiorttentemperature levels off at
higher rotational speed { 360 revolutions per minute) for the dilative aswhcen-
tric laps: the change of N on one interference vogurs every €€ and 3,8C ac-
cordingly. It is preferable to use these typesaptlat high rotational speed to get the
optical surfaces of mid-coefficient accuracy, asfibrm site error (Figs. 3a, 3b) varies
in a wide range and is not stable.

The laps of the convergent profile illustrate thestrstable operation and the linear
error dependence on the temperature at the rothtgpeed of 360 revolutions per
minute (Fig. 2b), in this way the change of therfdotal error on one interference ring
occurs every &, and the site error doesn’t exceed 0,3. 86, df temperature varia-
tion of the polishing suspension leads to the chafghe curvature radius of the work
surface by 6,8 um. In other words, the coefficethe curvature radius change (Crc)
of the work surface is constant at all temperauaeations and makes Crc = 0,592
um/PC, while using the above mentioned type of the &m.we have come to the con-
clusion that it is preferable to use the given farhthe lap body to get the desired
characteristics of high-precision optical surfaces.

CONCLUSIONS

1. The radius of the work surface increases with ¢nepierature rise of the polish-
ing suspension that results in the form N totabemcrease. The dependence for the
laps with the convergent profile is linear.

2. It is not effective to treat the tweaking with tftmmed polyurethane substrates
at lower link rotational speed of 90 revolutions penute.

3. It is possible to get the desired precise charisties of sensitive optical sur-
faces while using the laps with the convergentilgradt the rotational speed of 180
revolutions per minute and 360 revolutions per r@nu

4. The coefficient of the curvature radius change ©fcthe work surface while
using the lap with this profile is constant attalihperature variations and makes Crc =
0,592 umiC.

Abbreviations

Tos— temperature of the polishing suspension in thenguzone; g— the detail rota-
tional speed; N — the form total error of the ogltisurface AN — the form site error;
Crc — the coefficient of the curvature radius cleanofjthe work surface.
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MICROSTRUCTURE EVALUATION OF TRIP STEEL
USED IN A CAR CRASH ZONES

The paper deals with evaluation of TRIP (transfaiora induced plasticity) steel
microstructure. These special steels are commasdd mainly in automotive industry for
crash zones of car’s bodies. The TRIP steel hals $igength compared to AHSS steel,
but on the other hand a good plastic propertiese ficrostructure properties of TRIP
steel were investigated by a light microscope awdluated by a computer program
ImageJ. Microstructure charakteristics of TRIP $teeas investigated on shape-
complicated part made by deep drawing process.

INTRODUCTION

In the automobile industry, great attention focutethe development of materials.
Steel is still one of the major materials whichnseded for car production. Current
safety requirements bring increase of using strorgjeels and decrease the total
weight of the car. In another direction is ther®®fto reduce fuel consumption and to
increase the operational reach of the car. Deepidgaprocess is one of technologies
which is used in the manufacture of cars. [1]

TRIP steels have high strength and excellent glastperties. The microstructure
of TRIP steels is retained austenite embeddedratix of primary ferrite (Fig. 1).
[3, 5]

Ferrite
Martensite

Bainite

Retained
Austenite

Fig. 1. Microstructure TRIP steel

The driving force for the spread of cracks in tHeIH steel is low, so it is resistant
to brittle fracture. Suitable for high energy alpmn during deformation (crash -
test). The disadvantage is the relatively low yigbiht. [1]
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EXPERIMENTAL MATERIAL

TRIP steel with transformation induced plasticisyeel labeled RAK 40/70 and
thickness of @= 0,75 mm was evaluated in experimental work. I[Sik¢e which was
evaluated was on both sides galvanized. Samples t@sted in directions 0°, 45°, 90°
against the rolling direction. Flat bar accordiogSITN EN 10002-1, 4= 80 mm was

used for testing. Chemical composition and meclahrpooperties of tested steel are
listed in Tab. 1 and 2.

Table 1. Chemical composition of the RAK 40/70 ktee

Chemical \ '~ 1 yin | p | s | Ti| si| Al c| cul Ni| Nb| Mo| zr
element
Co[eof/:)‘]:'em 0,204| 1,638| 0,018| 0,003| 0,009 0,200| 1,730/ 0,055| 0,028| 0,018 0,004| 0,008| 0,007
Table 2. Mechanical properties of the RAK 40/7@&kte
Yield Coefficient Strain
strenath Tensile Ultimate of normal hardening
Direction R 9 strength elongation | anisotropy exponent
MFF’,O'Z Rn[MPa] Ao [%] r n
(MPal ] ]
0° 442 771 27,7 0,686 0,259
450 441 762 25,4 0,870 0,294
90° 450 766 25,9 0,838 0,278

5 cornered cups were drawed (pressured) by thebldmpress Fritz MULLER
BZE 100. (Fig. 2).

Fig. 2. Designation of cup cormers

Samples of TRIP steel RAK 40/70 for light microsgapere prepared by the
procedure:

- hand cutting,

- identification of borders (for better orientatiot,distinguish from the bottom
side wall proceeds,

- with the help of taxidermist dentakryl resin,
- agradual grinding (grain abrasive paper 400, 6@D1%600),
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- polishing,

- etching solution of 2% HN&In Nitric acid (Nital).

Optical microscopy was performed on a light micopse Neophot 2. Program
ImageJ analyzer was used for image processing made analysis. This program
supports image processing functions such as comtdasstment, sharpen, smoothing,
edge detection, and others. To evaluate the vstmatture of the samples by using
Image J program, it is necessary that each streueng sufficiently contrasting.

EXPERIMENTAL RESULTS

Symmetrical sample was cut in all five corners. Blas were taken from the
corners and the proceeds are marked from 1 —-5mEterial samples was taken from
the wall, rounded the corner and the bottom ofpiftueeeds. In Table 3 is evaluate the
composition of phases program ImageJ. Graphicaksegmtation of % austenit of the
phases in microstructure is shown in Figures 3 — 7.

Table 3. % Evaluate the composition of phases pragmageJ

Sample 1

-
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Both windows show a modification of the default Lgray level scale) in the
window no longer runs from the lower left to thepap right corner, and the LUT
ramp graduated area has been squeezed toward daéembo far it is possible to
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adjust linearly bringhtness and contrast. InverfTLY show the darker background.
Analyze LUT evaluate martenzit and bainit, analyizeert LUT evaluate martenzit
and residual austenite in the identified locatioas.

Samples were tested at three locations: in radisp, in bottom of cup and in
wall of cup. Radius of cup is space between the arad bottom of each corner ot the

samples cup.
O 60.00

I 50.00+
40.00+

% 30.00+
20.00+
10.00+

Sample 1 -in corner |

51.7748.23

mLuT
| Invert LUT

0.00+
in radius of cup in bottomof inwall of cup

cup

Lot

Fig. 3. Evaluating of sample No. 1

In the sample in a radius of measuring cup by LU®&thad, which includes
matrenzit and bainiti - 56.11%. 43.89% is ferrited aesidual austenite, which were
determined by a method invert LUT. In bottom of tup measured by LUT, there is
55.51% martensite and bainit and the remaining 3%4.4s ferrite and residual
austenite measured by invert LUT method. In wéltap, martensite and bainit is
51.77% and 48.23% is ferit and residual austenite.

In the transition from corner | to corner Il, thoserrency rates are changing as
shown in Figure 4

Sample 2 - in corner Il
HOOO 52.41

/bU.bé

mLur
| Invert LUT

in radius of in bottomof in wall of

cup cup cup
! ! |
L Lt

Fig. 4. Evaluating of sample No. 2

In the transition from corner 1l to corner lll, th® currency rates are changing as shown
in Figure 5.
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[
111 Sample 3 - in corner llI

54,00+
52,00+
50,00+
% 48,00+
46,00+
44,00+
42,00-

oLuT
Einvert LUT

in radius of in bottom of in wall of cup

cup

SNt

Fig. 5. Evaluating of sample No. 3

In the transition from corner Ill to corner IV, th® currency rates are changing as shown
in Figure 6.

IV Sample 4 - in corner IV
59,76

57.11 5

OLuT
Einvert LUT

in radius of in bottom of in wall of cup

Lol

Fig. 6. Evaluating of sample No. 4

In the transition from corner IV to corner V, thasgrency rates are changing as shown
in Figure 7.

Sample 5 - in corner V

58,34
A\ 49,9750,04
40,00
% 30,00
oLuT
M invert LUT

in radius of in bottom of in wall of cup
cup cup

L4

Fig. 7. Evaluating of sample No. 5
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DISCUSSION

Condition of successful application of image anialys metallographic cut, where
individual structural components were sufficientpntrastive. Contrast between
ferrite and martensite was achieved by etchingnNital. After this etching islands
of martensite was show as compact surface bloakshasis convenient for successful
application of image analysis by software ImageJ.

CONCLUSIONS

In evaluation of the visual microstructure of themples by using the ImageJ
program, it is neccessary that each structure wagast enough. On the basis of its
experimental research and evaluation of achievesreamt be found:

1. The biggest values of the martensite volumetiracvere measured in the sam-
ple 4 in measurement of wall of cup — 59,76 % nmaaiteand bainit of metode LUT
and 40,24% is ferit and retained austenite of matwert LUT. The samples were
evaluated by the percentage of ingredients.

2. This result is not final because TRIP steel mia®f four components:
martenzit, bainit, ferit and retained austeniteingsmage is appropriate to examine
the steel, which have two phases.
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THE UNIFIED APPROACH FOR THE ANALYSIS
OF ELASTIC EQUILIBRIUM OF SOLIDS CONTAINING
THIN INTERNAL AND SURFACE HETEROGENEITIES

This paper develops the unified approach for thalysis of plane elastostatic problems
for solids containing thin elastic inclusions oreslays. The approach is based on the
previously developed integral equation method foe tolution of plane elastostatic
problems for solids with perfectly embedded indasi In this paper the method is
extended to the case of delaminated inclusion dastie enforcing overlay. Thus, the
wide class of problems can be solved basing odé¢leloped technique.

INTRODUCTION

Thin heterogeneities are common in engineeringtip@acThose are cracks; thin
inclusions; various cavities filled with gas, liguor solid substance; technological
defects etc. However, the prevalence of thin hgmeities is caused not only by the
undesirable effects of imperfect manufacturing atemals processing. Wide appli-
cations have got, for example, thin stringers filjer reinforcement of composite
materials [2], thin plate-like reinforcement elertse[8] etc. Problems for solids with
thin heterogeneities are concerned with the metbbdsalculation of piles in a ground
[4], elastic fastenings of console beams and amscli®}, fiber pullout problems
(Reissner problem) [8], reinforcement of walls @iderground buildings and mines,
holes enforced with thin elements [13] etc.

The abovementioned problems are usually considesgth the previous
determination of the boundary conditions or geoitatfeatures and the further solu-
tion is based on the appropriately constructed taapg However, as it is specified in
the monograph [10], all these problems are vergeltn the problems of the thin
inclusions theory. In particular, stringers arefsce heterogeneities that unilaterally
contact with the medium; piles, anchors and eldsistenings are inclusions, which
end face is outside the medium; reinforcing fibare the inclusions completely
embedded into the medium. Thus, it would be udefaldopt the unified approach, in
particular basing on the numerical method [5], whiould allow studying of all these
problems.

51



PROBLEM FORMULATION AND SOLUTION STRATEGY

Consider a plane problem of elastostatics for atrapic solid containing thin
elastic inclusion from other material. Between hdsand inclusion at the certain part
of their interface the conditions of perfect mechanicaltaon are satisfied, and at its
complement the inclusion is completely delaminafige@ mechanical contact between the
materials is absent). Consider the general scheimmodeling of such defect using the
principle of coupling of different dimensionalitpatinuums [10] (Fig. 1).

o0 o0

(9 (9

(G, x)

Fig. 1. Schemes of the problem and the inclusiodetiog approach by a coupling principle

Adopting the lined model of inclusion, withdraw thensideration of inclusion as
a geometrical object, and transfer the contacttitnag and displacements onto its
median surfacé . (accordingly onto faceB; andr;, Fig. 1). The own boundary of a

solid is denoted aB . According to the approach [10] the displacemesitfin a solid
with a cut is defined within the following Somigha identity:

u (g):jré[uij (x.8)Zt () =T (x.8)Ay (x)] dr (x)+jr[q te)-Tue)]d, (1)

where u, t are the components of displacement and tractiamtox® respectively;
Au =y -y, At=t"-t, Zu=yuy+y, Xt =t"+t; the signs “+” and “-" denote
values concerned with the surfacés and . formed with a cutf. (see Fig. 1).

Indexes in notations correspond to the projectmingectors onto the axes of global
coordinate systen®x x,. The Einstein summation convention is used. Karoélthe

integral equations are explicitly written in [7].

Approaching the field poing to the source boundary poigtll" of a solid and
considering, that at a point the curvel is smooth, similarly to [7] one can obtain
from Eq. (1) the singular displacement integralagoun:

%ui (v)=].[U (xy)Z4 =T (xy)Ay Jd +RPV[ Yt d - CPV Tud . (2)

where the notatiorRPV stands for the Riemann principal value, and CPW¥tihe
Cauchy principal value. As for the collocation goin that lays on a smooth part of
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the cutl'. one can obtain the following integral equation:
1
S2u(y)= RPV[ U;Ztdr-CPV[_ TAyd +[[yit-Tu]d (3)

Differentiating (3) byy,, using Hook’s law and considering, that =-n, the
following integral equation is received:

%Ati (y)=n' (y)[CPVjrE D, Zt dr - HPVJ'FE SAud+[[Dt- gy ﬂ} N\

where HPV stands for the Hadamard principal valungté part) of an integral.

Integral equations (2), (3) and (4) are not enofgyhthe solution of formulated
problem. It is also necessary to develop the mechbhmodel of thin delaminated
inclusion. Assume that the model of thin delamidateclusion allows to receive the
explicit form of the boundary functiorsy, andAt, on ', i.e. to obtain expressions

su (y)=F*(v.2t.A8u ), At (y)=F'(y.2t .00 ) (i.j=1..9. (5)

Then the system of equations (2)—(5) is full fax Holution of the problem.

The system of boundary integral equations (2)-45olved numerically using the
boundary element method [7]. Thus, the system pfudar integral equations is
reduced to the system of linear algebraic equatonserning the nodal values of the
boundary functions, , u;, Zt, andAu;..

MODEL OF THIN DELAMINATED INCLUSION OR ELASTIC ENFO RCING
OVERLAY

The model of thin elastic inclusioR" (y)=F"(y), F'(y)=F'(y) satisfying the

conditions of perfect mechanical contact with thedram is developed by the authors
in the paper [5]. Basing on it the imperfect cohtaodels are developed here.
Assume that thin inclusion is completely delamidateom the facer. at the

segmentsy; O, (no contact tractions are considered at these eeign Then at the
collocation pointy O the following boundary conditions are satisfied:

t (y)=0, u(y)=y"(y) (i=12). (6)

The first of the conditions (6) taking into accodhé used notation&t, =t" +1t~
and At =t" -t~ allow to obtain the first equation of the model tbin inclusion
completely delaminated at the surfgge I';:

F(y)=ot (y)=2t (y). (7)
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As thin inclusion contact with one fac€() of a cut it is necessary to consider its

tension, shear and bending along its axis. For phigose the second equation of
perfectly contacting inclusion model can be usessuling that the displacements of
inclusion’s median surface due to its small thidsare close to the displacemeuts

of the facel', one can obtain the second equation of the demmmodel at/ :
F(y)=2u (v)=F"(v) -2y (v). (8)

Similarly, if inclusion is delaminated from the &€ at the segmentg: O for
the collocation pointy O). one can directly obtain the equation of modelhef full
delaminating at the segmenys:

R (y)=at (y)=-2t (y); R (y)==u(y)=F"(y)+ay (y).

The model (7), (8) of inclusion completely delamethfrom a facd . are enough
adequate and entirely suitable for modeling of thiastic overlays with additional
conditions of absence of a material in the domavhjch borders withl;, for

example, for a traction-free surfage=0, u” =0.

STRESS CONCENTRATION AT THE TIP OF THIN INCLUSION, WHICH IS
IN PERFECT MECHANICAL CONTACT WITH THE MEDIUM

Consider the elastic equilibrium of the inclusioeisd part under the assumptions
that the inclusion tip is rounded and in the pdrfeentact with the medium. The
reference coordinate system is depicted in FigTte equilibrium equation of the
inclusion tip with the account of perfect mechahicantact conditions between
inclusion and the medium are the following

h(r) _ r
j_h(r)axx(r,y)dy— jOth(r)dr. ©)
S Ay
5 .
sy -
W i sl it —=
Ger(7) cxx(r)—?-"'
ix -

Fig. 2. Determination of stress concentration attip of inclusion
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When r - 0 the halfthickness equals(r) =+r\20-r +0(r?), where p is the

rounding radius at inclusion’s tip, and the Iefndaslde of (9) is possible to present in
the approximate form

[ 0 (r,y)dy=2h(1) (1) .

Thus, the stress,, = aXX(r)\ _, atthe inclusion tip, according to (9) equals

0, ==im| ]/ 21, dr}/[zh(r)]:—%mﬁztx(r). (10)

For determination of stress,, in a matrix at the thin elastic inclusion tip cites
the strains of inclusion when- 0. One can simply write that

£, (r)=du, (r)/[20(r)].
thus,

u, (1)

:|=\/_I|rr(1) T

£, =lim Au, ( (r)/[2n( (11)

According to the Hook's law for an isotropic solite stressr,, in a matrix at the
tip of thin inclusion basing on (10) and (11) isfa@kows:

g \/éG ImAu()+ (K ) im
= K+1f'o N (K+1)@| Jree (r). (12)

Here « is a Muskhelishvili constant.
According to the definitions of generalized striggensity factors (SIF) [10]

V2(k+1) "mAuy(r): K+l

Tr(c=y) 2 T Ve

limrst, (r) =

and from (10) and (12) the following relations al#ained

pa— /(+1K K—3

D T e

K-
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Fig. 3. System of nodes at the end boundary element

The lined modeling approach for thin heterogengitibows to adopt the technique
for calculation of the generalized SIF basing oe #xtrapolation of the boundary
functions [5], which calculation formulas for thgsgem of nodes 2-2', 3-3' (Fig. 3) at
the end discontinuous boundary element are asafsilo

Vme(agreVimye) o e (s 1)
s = 423 (k+1) (i#1); Kz =(1) 8. (k +1) - (13

Here J is a Jacobian of the boundary element. For théicapion of expressions
(13) it is necessary to use the values of functians and %t given in the local

coordinate system depicted in Fig. 3.

EXTRAPOLATION TECHNIQUE FOR ESTIMATION OF THE INTEG RAL
EQUATIONS SOLUTION SINGULARITY

The study of thin rigid inclusions completely delaated from the medium at one
face [6] has shown that the tractions near the dipsuch inclusion possess not a

square root as for a crack or elastic inclusion,astronger oneo(r‘3’4) singularity.

Consider the general extrapolation approach foerdghation of the type of a power
singularity of the stress field. For this purpoggraximate the values of boundary
functionsAu, and =t at the system of nodes 2-2', 3-3' within the folleg functions

AG =3r", sto= yrtt, (14)

Applying the least square method procedure onebgain the following formulas
for determination of unknown exponents in the appnations (14)

' =logs s (AU /AYT), 0 =1+ logy, (475247 7). (15)
The unknown factorgy and y; are estimated similarly:

(Auiz—Z'/Aqa—s‘) (Ztiz—z/zga—@)

Ji — Aq2—2'J|°gs/3 , )(. — Zti2—2'J 1095, 3 )
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NUMERICAL EXAMPLES

To show the efficiency of the proposed approacimsicier a few variants of its
possible application.

Thin inclusion completely embedded into the matmith a perfect contactTo
show the efficiency of application of the developagdproach, consider a plane
problem for the elastic unbounded medium contaiting rectilinear elastic inclusion
of finite length. Relative rigidity of inclusion igharacterized by the value of
k=E/E", where E™is the elastic modulus of matrix material, aftl of inclusion
one. The Poisson ratios of matrix and inclusionam®umed to be the same and equal
v' =v™ =0.3. The problem scheme is depicted in Fig. 4. Thektigéss of inclusion
equals 0.01 of its length. Generalized SIF arerdeteed within the approach (13).
The data obtained with the developed approachngpaoced with the results of direct
calculations of thin rectangular inclusion of therresponding size using the
regularization BEM [11] with determination of geakzed SIF using the
approximation approach [12].
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Fig. 4. Normalized generalized SIF
K; =K, (a\/%) of thin elastic inclusion

The results of the numerical analysis of a probiesimg the specified approaches
are plotted in Fig. 4. Continuous lines corresptmthe proposed method that is based
on the thin inclusion model [5], and dashed onehi® direct calculations of thin
rectangular inclusion using the regularization BEM.

For the cases close to the limit values of inclo'sigelative rigidityk (zero, one,
infinity), the deviations of generalized SIF cabgld for a crack and absolutely rigid
inclusion using the proposed approach from theydical solution is less than 1.2 %.
Generalized SIF obtained using the direct method Viery soft and very rigid
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inclusions differs from the analytical one a littteore: 2 % is a deviation for the case
of a crack and 5.3 % for absolutely rigid inclusi@uch results are caused by the
influence of a real nonzero thickness of inclusi@nd also the intermediate
asymptotic, that depends on the size and the gbfapelusion’s tip. In general, Fig. 4
shows a good agreement of the results of thin smatustudy using the model [5] and
a direct approach. Though, the latter gives biggmmeralized SIF values for rigid
inclusions, and smaller for soft ones. Thus for lteer the proposed approach gives
certain “safety factor”.

One-side completely delaminated thin elastic inétus Consider the previous
example under the condition that the inclusionampletely debonded di. from a

matrix, and perfectly contacts with it a&t.. At the infinity the following load is

applied: p=0o, q=0. When the inclusion’s relative rigidity varies fnozero to one,

the singularity of the solution should be the sawmdor a crack, which is a square root
one. With the increase in inclusion’s relative dity the singularity should become the

O(r‘3"‘) one [1, 6]. Consider the change of solution’s slagty depending on the

inclusion’s relative rigidityk using the extrapolation formulas (15) basing oe th
nodal values of the boundary functioku,. Numerical results of this study are

presented in Table 1.

Table 1. The change of an exponenof stress field singularitﬂ)(r”‘l)

k n with (15) | n (theory) Relative error, %
0 (10™) 0.444 0.50 11.2

1 0.403 0.50 194
0 (10°) 0.225 0.25 10.0

Table 1 shows that the estimation of solution diaugty for the limit cases of
inclusion’s relative rigidity gives the error of@lt 10 % that is small enough with the
account of complexity of direct numerical methogplecation for the determination
of the stress field singularity. For a homogenemase k=1) the singularity
estimation error is bigger because the basic infieein this case has the reduced
rigidity kh/a. In general, with the account of the chosen patyiab base functions,

extrapolation approach (15) gives results good ghaa serve as the auxiliary tool for
the theoretical study of solution’s singularitydaaiso for the choice of the appropriate
base functions for modeling of inclusion’s end baany elements.

Partially enforced holeln the work [13] the practical importance of stumfyholes
enforced with thin overlays is shown and the apghdar the research of curvilinear
holes, which can be mapped onto the unit circle hwithe function

w({)=R,(¢+€/¢M), is proposed. This approach allows studying syriozty
enforced holes with the shape of regular polygaim wounded vertices. The model of
an overlay set by expressions (7) and (8) is fre¢hese restrictions and allows

studying partially enforced holes of arbitrary shapnd also solids with thin surface
overlays and stringers.
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As an example, consider the distribution of hoopssteso,, at the circular hole,

which is symmetrically enforced along the half lo¢ ttircle with the opened stiffening
rib. The scheme of the problem and the dependehbeap stresses on a polar angle
@ and overlay’s relative rigiditk are depicted in Fig. 5.

P

A2

270

Fig. 5. Hoop stresseasg,, at a hole enforced with a thin overlay

Fig. 5 shows that the increase in enforcement'atik@ rigidity causes the
reduction of stress concentration, given by thesélrproblem solution; and mostly at
the enforced part of a hole. The desired notaliteebf stress concentration reduction
is provided with the overlay’s relative rigidity of=10" <10 (for its halfthickness
h=0.01R, whereR is a radius of a hole). However, it is necessargimnultaneously
take into account that with the increase in oveslaglative rigidity k the increase in
hoop stress concentration is observed under anlagveear its end faces. This is
explained with the occurrence of the square roajugarity of stress field, the same as
for the problems of rigid stamps indention.

CONCLUSION

The authors’ approach for studying of solids comtey thin elastic perfectly
embedded inclusions is extended to the case ofniedded inclusions and elastic
enforcing overlays. Basing on the simplified moal thin elastic inclusion the
relations between generalized stress intensityofacind stress concentration at the
rounded tip of thin inclusion are obtained. Ther@pblation approach is developed for
the numerical estimation of a power singularityhyjpersingular integral equations
solution. The numerical examples are presentedw she possible application of the
proposed approach for the analysis of a wide adapsoblems.

REFERENCES

1. Alexandrov V.M., Smetanin B.l., Sobol B.\.hin stress concentrators in elastic solit#oscow
1993. (in Russian)

59



10

11

12

13

60

. Aliabadi M.H., Saleh A.L.: Facture mechanics analysis of cracking in plain aechforced

concrete using the boundary element metltody. Fract. Mech. 2002, 69, P. 267-280.

. Leite L.G.S., Venturini W.SBoundary element formulation for 2D solids withfsthd soft thin

inclusions Eng. Anal. Bound. Elem. 2005, 29, P. 257-267.

. Padron L.A., Aznarez J.J., Maeso BEM—FEM coupling model for the dynamic analysipitds

and pile groupsEng. Anal. Bound. Elem. 2007, 31, P. 473-484.

. Pasternak .M., Sulym H.TDual boundary element method in the problems ofitiglusions

theory. Proc. Int. Conf. “In-Service Damage of Materials,Diagnostics and Prediction”, Ternopil
2009, P. 137-143. (in Ukrainian)

. Popov G.Ya.Concentration of elastic stresses near stamps, thitsinclusions and enforcements

Nauka, Moscow 1982. (in Russian)

. Portela A., Aliabadi M.H., Rooke D.P.he dual boundary element method: Effective

implementation for crack problemisit. J. Numer. Meth. Engng. 1992, 33, P. 1269128

. Reissner ENote on the problem of the distribution of stresa thin stiffened elastic she&roc.of

the National Academy of Sciences 1940, 26, P. 300-3

. Riederer K., Duenser C., Beer Gimulation of linear inclusions with the BEEng. Anal. Bound.

Elem. 2009, 33, P. 959-965.

. Sulym H.T.Bases of mathematical theory of thermoelastic diyuiin of deformable solids with
thin inclusions Research-and-Publishing Center, NTSh, Lviv 2@Bi7Ukrainian)

. Sulym H.T., Pasternak |.MRegularized Somigliana identity for elastic prolbtewith thin shapes.
Herald of Lviv university 2007, 13, P. 142-150. (J&rainian)

. Sulym H.T., Pasternak I.MDetermination of the limit state parameters of gtasolids
containing thin inclusions basing on the numergalution of the problenHerald of the Ternopil
state technical university 2009, 14(1), P. 15-2RUkrainian)

. Syaskyy A.O., Batyshkina Yu.\Rartial symmetric enforcement of curvilinear hatethe
unbounded plateHerald of the Ternopil state technical univer&op4, 9(2), P. 5-12.



ZESZYTY NAUKOWE POLITECHNIKI RZESZOWSKIEJ] NR 274
Mechanika z. 81 2010

Victor SHABAYCOVITCH

Lutsk National Technical University, Ukraine

COMPETITIVENESS OF MANUFACTURE

In crisis, the competitiveness edge of a claimeztipce acquired a special value. The
paper considers the structure of competitiveness asity of quality, expenditure, profit
and prices; describes method of forming compeh#gs. It exemplifies an erroneous
interpretation of competitiveness and methodssfrapid determination”. To analysis
and synthesize an integral level of competitivenese may use the SADT method of
detailed step-be-step hierarchy of the objects untigly.

INTRODUCTION

In the conditions of crisis, the competitiveness ppbduce acquires a special
significance, as only competitive products, equiptrend processes will be claimed
on the part of both consumer owing to a high quadihd acceptable prices and
producers in view with lower costs and a possipitif creating work places. In
machine-building as ultimately in other industrieé the national economy, the
produce, technological processes and processingpragot a single complex
providing competitiveness. Hereby, a temporary e@se in profit will be a must.
Output of other produce will result in its non ong, warehousing, stagnation of
production and aggravating of the crisis. Compadiiess is favorably influences
favourably, it is the wunique index and recipientrtliers the perfection.
Competitiveness, as is generally known, is a ptypeafr objects that is characterized
by a degree of real or potential satisfaction opaaticular need as compared to
analogous objects on a certain market [1]. Comipetiess is an integral value
characterizing the attractiveness of products f@ tiser and profitability for the
produce. It is difficult to talk about the competiness of products with the a high
cost of product output, but even at acceptable resg® yet considerable operating
expenditure or a high cost of produce competitiggnef produce can a become
doubtful. A concept of competitiveness is a compsanbetween the producer and
customer.

It is known that a competitiorlat. concurreto be a rivals) is interpreted as a fight
between the participants of market managementh®miost profitable conditions of
production, purchase and sale of produce and smvigs well as appropriation of
maximum profits [1,2]. A competition is a self -grdator of economy with the
functions of regulation, allocation, adaptation awdntrolling. The object of
competition is the customer and producer, its siibjbeing enterprises, industries,
regions, whole countries.

Statistics a note [2] that only 10% developed tetbgies and constructions are
put into operation, others in of view of a low-leww®mpetitiveness are rejected. A
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similar is the put situation with technological gmuent, especially automatic. Most
publications on this subject are concentrated a@n dbktablishment of ready made
produce competitiveness, although a of greater rtapoe is the forming com-

petitiveness in the process.

STATEMENT OF PROBLEM

The method of determining the level of competitiees consists in the following.
The information for necessary determining the lewempetitiveness includes the
indices of quality, all kinds of cost, profit angkt price of sale (Fig. 1). Depending on
whether this is produce, a process or major indafeguality (1) are set. Further on
production (2) and operating (3) cost, profit (ddaprice of sale (5) are calculated.
These addends constitute the sun total these elsmeske necessary of the data
necessary to the determine level of competitive(@sd-ollowing which, a reasonable

choice of the prototype (7)

[Prnduct: process or SEﬂ"iSEj results in developing the

comparison index to

Nocossary Iformation : determine competitiveness
6 for determination of | | g_ oo Eon (8), cost (9), profit and the
competitiveness level P . sale price (10) of the
0 - costs of operation

10 - profits, price developed product,

| 1 Indexes of quality i l process or service (6) with
> i - . . the prototype (7) is it
n . 11 Collation | |13 Collasion possible to get (11) partial

((Costs }-»|2 Production integral levels of
v . 1 Partial integral levels competi_tiveness (12) and
3 Operational “ of competitiveness comparison (13) as well as

v the integral level of the

4 Profits 14 Integral level of produce competitiveness
1 comppetitiveness (14). The  presented

factors and work with
them are the well known
points of determining a
Fig. 1. Diagram of determination of level compesgtiess level competitiveness. The
exclusion of any of the
factors from consideration does not make it toneste even approximately the level
of competitiveness, let alone a whole group ofdesgtsuch as cost, price etc. The
same goes for the absence of a prototype. For dearaving a product with the
complete list of both indices of quality and of Gasto fit and the price of sale, but for
lack of the prototype it is impossible to judge abds competitiveness as at the
market can offer to products-prototypes with botie tbetter and the worse
information, necessary for such determination.

The mechanism of forming the competitiveness ofdpots is to provide for
revealing and determining the influence of all taetors of their production, sale and
exploitation relatively combined in seven groupspénses, related to making the
produce on design, technological and productioeltge\belong to the internal factors
corresponding to the construction - technology kimg and the quality. It is known

5 Price | comparison
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clan that the very design of the product is thesbfas its competitiveness. Never once
has any low quality and difficult to make produaeb competitive. The mechanism
of forming competitiveness is at that based onajyaication of the concept of virtual
development, making and exploitation of the produet preliminary modeling of
these processes on a computer and obtaining victuatructions, technologies and
exploitation and, on these grounds, - estimatioooohpetitiveness. At positive results
and further already real development it is possiblestill more enhancing both the
indices of quality and the level of competitivene§she virtual planning and
exploitation require special and costly progranme es a complex so far.

INTRODUCED ERROR IN DETERMINATION OF COMPETITIVENES S

The method for advance estimation of quality anthpetitiveness of products was
published in paper [3]. However, the process of petitiveness management is
hampered by its misinterpretation as well as methofl estimation occasionally
occurring in some publications. So, in works [4pkiblished inPoland (2007) and
Slovakia(2008) the «rapid method»of determining the competitiveness of flexible
manufacturing system$S and technological processes on the proposederiasit
whose values should be put in simple arithmetienfdas of the deformed averages
and to obtain the result of the competitivenessllesuch a saluting to the problems is
tempting. What is the point in exploiting the sagtitate familiar methods requiring
numerous calculations, if the same result is agriaequickly without the account of
concomitant cost, basic indices of quality and enethe absence of the prototype?
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Ecological compatibility| K8 Averaged distorted index
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Fig. 2. Diagram of mistaken determination of «les@inpetitiveness» on methods [4, 5]
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The proposedrapid method>consists in the following. On the strength of thevr
of «criteria», having pointage estimations withire tlimits of 1-5 and the averaged
deformed formulas in which it is necessary to pett and values obtained, the «com-
plex index of competitiveness» is determined. Digio of average data is obtained
due to the increase of the number of values irddr@minator and the introduction of
the coefficients of scales for two groups of théeced «criteria». The proposed
formulas for the estimation ¢iMS competitiveness take into account eight «criteria»
only: flexibility, autonomy, productivity, reliabtly, serviceability, ecological
compatibility, and complexity and power consumpt{fig. 2a) which in any way can
not be the criteria of competitiveness. At the some, the determinations of these
«criteria» and their pointage estimations are &oos, although these ore well-known
determinations. For example, by flexibility an iredit index visa a degree of the use of
time during the implemenfection of varies taskthalgh it is common knowledge.

That flexibility is a possibility for purposeful ange of technological actuality
within the range of changing the regulative paramseti.e. a possible number of the
processed products or their nomenclature. An aumgris for some reason defined as
the time during which th&MS an operate unattended, although it's common know-
ledge, that an autonomy is independence, howewtmfithe maintenance staff. The
productivity is not a correlation of the cost oetheady-made products for a certain
period of time to the sum of the allocation cogisted to the exploitation neither is
reliability a correlation of the average time otistown to the useful fund of time [4]
etc. Amusing is also the determination of ecologomanpatibility as a correlation of
the mass of debris to that the ready-made prodatitsough it is known that one
should take into account not number of the delig, their harmfulness for the
environment. A most all of the «criteria» have saene illiterate definitions.

For the applied technology ten «criteria» are psep@5]: contemporaneity,
automation possibility, simplicity of readjustmedegree of normalization, operating
safety, reliability of functioning, extent of integion, adaptability of the equipment,
easiness of service and term of use (Fig). By the way, many definitions of
«criteria» are also erroneous, although these arg bettled down terms. For the
estimation of the applied technology for the prdolity, accuracy, labor output ratio
and other criteria are absent for some reasontl\firgiany factors determining
competitiveness are not taken into account in theethods. Specialists know that
competitiveness is determined by quality, productad operating costs, profits, price
when compared to a prototype. For some reason,rtamgandices without which on
the whole it is impossible to fudge about compegitiess are not reflected here. These
are, for example, technical level, accuracy, stedmzss, stability, material capacity,
transportability, maintainability, efficiency, loagity, safety, diagnostic ability,
controllability and also production and operatirggts, price, terms of supply, after-
sale service etc. Completely comparing absentfidgptototype. Secondly, if in the
given formulas for the weight of the «criteria»sakd results will be obtained. For
example, &MS variant with a good flexibility, autonomy, prodiaty and reliability
is equivalent to a variant with useless «criteridlse these, but has a high
serviceability, ecological compatibility, complexitand low energy consumption.
Such a «rapid» result is proof of a total uselessrd the method. Such a «rapid
method» helps only erroneous estimations for thenpsitiveness of products,
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processes and equipment. The erroneousness ofapel «nethod» is obvious from
the comparison of Fig. 1 and 2.

DETERMINATION OF COMPETITIVENESS BY SADT -DIAGRAMS

With the purpose to optimize of providing the lewélcompetitiveness at lowered
costs can apply the methad SADT (Structured Analysis and Design Technigoé
detailed the successive hierarchy of the objectieustudy. On these hierarchical
levels, the analyzed object is examined greatefetail, equivalently to the previous
level; functions and blocks of realizing the tasks$ are determined. Influence of the
environment is taken into account too. SimultanBousthe methods of
dismemberment are wholly determined by the purgeteand are not elate?ADT-
method. The application of this method is relatethe realization of the multivariable
process of determining the integral level of contpveiness on the accepted set of the
operating factors with their optimization.

Collation of quality, costs, price, competitiveness
witha prototype

Environment
Drata analysis. l _ l 1 —
Definition Dretertrination Dreterrminati on
direction of [ | of indexes profits,
deCi 5106 quality r prices T
Design of product, Dretermination Determination TLC
tectmology, service, of costs nfint?gral level I___>
Wethod of calculation. ol . .
Features of application. I::DmTeht:lvmess
, It 15 not
Analogues. Prototype COrreCion subiect 1o
Dratabaze the revision

Or a tevision on the cotncrete rematks

Fig. 3.SADT diagram of initial stage of determination of legempetitivenessli(C)

The SADT-diagram of entry level (Fig. 3) takes into accoiln& basic data, which
are drafts of products, structure of the processeovice, specificity of application, as
well as analogues and the prototype, means of nipétie ands set and the output
data. The method are supposes the use of four fogsittons: determination of indices
for the quality of product, process or service,amnitant costs, profit and the price of
sale. On the basis of the input data, taking irdooant the influence of external
environment, fundamental indices of quality areedeined. Simultaneously, these
indices are determined on the basis of operatiggirements with due account of the
analogical ones in the prototype which must be ltlest. Further calculated are
production, extra-production and operating concantitosts, income and the price of
sale are determined. By the well known formulasné&¢essary data are calculated and
comparison is made with the analogous ones inh@type, whose basis the integral
level of competitiveness of the object is deterding the level appears to be
somewhat lower, but can be made higher, the progwotess or service are sent to
revision or, in the opposite case, rejected.
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SUMMARY

The generally accepted method of determining thel leompetitiveness envisages
an obligatory taking into account of the indices fquality, development costs,
introduction and exploitation, technological primest of the products made on it
when compared to a prototype. Management of thepetitiveness of products,
technologies and equipment especially in the caditof crisis except for marketing
and application of the mechanism of directed fognamvisages a reorganization of
conducting of designer, technological and productworks with the purpose of
increase quality of indexes with at reduction ofoduction costs due to the
optimization of all links of the production chaitp-operation and specialization. The
same goes for the reduction operating costs. Aabdpy of the cost of products in
the time of crisis must be provided due to marlgtmanagement and diminishing of
the expected profit. Nonproductive costs can beuged by reorganizing of the
infrastructure, deliveries, advertising etc, esakciremovals of unplanned expenses
in the forms of bribes, recoils etc. Special pla@ccupied by the legal norms of
enterprise, tax-reduction, profit regulation, legasistance, inflation, sponsorship etc.

In this connection one can profit from the expereof the huge China and small
Switzerland successfully reorganizing a productiafiminishing concomitant costs,
reducing release prices, combating corruption, tcrgafavorable conditions for
production and business.
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NUMERICAL SIMULATION
OF THE HYDRAULIC BULGE TEST OF HSLA STEEL
AND EXPERIMENTAL VERIFICATION OF RESULTS

In sheet metal forming operations the mechanicabpprties of the sheet metal (stress-
strain curve, flow stress) greatly influence meflalv and product quality. Accurate
determination of the stress-strain relationshipnigortant in process simulation by finite
element method. In this paper the sheet thicknesdagon in different points of the
hemisphere formed in the bulge test is analyzetth by simulation and experimentally.
A precise determination of sheet thickness at tile s very important in the precise
determination of stress-strain relationship. Thenaof this paper is to show on some
aspects of numerical simulation of hydraulic butgst and experimental verification of
obtained results.

1. Introduction

New vehicle structures should comply with sevem@skrrequirements. To build
a safe vehicle structure, it is necessary to sdleztoptimum material for a given
application. To do this requires a detailed underding of dynamic material
properties in both the as - rolled and formed coomali Advanced testing and CAE
facilities are used in order to understand and aw@rthe crashworthiness of it's
materials. To understand the interactions betweatemal, manufacturing process and
design, authors uses impact facilities capablesiing some materials as well as real
components [1].

The new microalloyed steels called also High Stiterigpw Alloy (HSLA) are
becoming increasingly recognized as offering batst csavings and high performance
for use in formed products. They find wide appligatin automotive, off-highway and
similar original equipment industries. High-strdmgtteel allows the user to increase
the strength of the finished component or reduee dteel thickness, or both. The
material plastic behaviour, joining and materiallui@ (cracking) are included in
impact research on vehicle sub-structures in autioenondustry.

The paper deals with evaluation of mechanical dastip properties of steel sheet
with higher strength properties. To validate thelaation of material data in the
engineering stage, authors use advanced CAE t@didated through experimental
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testing. The results of the tests were used asnihw data for simulation of deep
drawing of drawn part with specified shape and dishens. Simulation of bulge part
by PamStamp software was realized. The resultgraflation were verified by actual

experiments. Tool design and forming process caditwere also verified by means
of simulation with the aim of achieving the requirguality.

2. Methods of experimental work
2.1. Experimental material

Steel sheet of new conception used in automotigastnty were evaluated during
experimental works, microalloyed steel H220PD \tlitickness g@= 0,80 mm.

rTIfzvaluated steel sheet was fully hot-dip galvanizgilh amount of zinc of 100
g/cnt.

The yield strengths exhibited with these materralsge from 350 to 800 MPa
without heat treatment. These strength capabiliieke HSLA steels an economical
alternative to quenched-and-tempered alloy stdéistoalloyed steels usually have
carbon contents, manganese, silicon and either | samabunts of vanadium,
columbium (niobium), titanium or nickel and molylmden in various combinations.
Chemical composition of experimental materialshisven in Tab.1.

Tab. 1. Chemical composition of evaluated stels [

C Mn P S Ti Si Al Cr Cu Nb Mo
A [ 0.004| 0.415| 0.042| 0.004| 0.037| 0.1 | 0.035/ 0.031| 0.011| 0.026]| 0.005

2.2. Uniaxial tensile test

Evaluation of material formability of experimentahterial was realized by tensile
test (STN EN 10002-1), test of planar anisotropfyN$42 0437), test of normal
anisotropy ratio (STN 42 0435) and test of strardening exponent (STN 42 0436).
Significant directions of 0°, 45° and 90° againiséction of rolling were tested during
testing of drawability parameters. Tensile specimecording to STN EN 10002-1¢L
= 80 mm was used for all mentioned tests. The test® realized on the tensile
machine TiraTEST 2300 with recording of the procdsterval of strain hardening
exponent evaluation was within the range of unifal@hormation of 5 — 20% for both
tested sheets. Values of mechanical propertiesiedegf their planar anisotropy,
coefficient of normal anisotropy and strain hardgnexponent are shown in Tad2].

Tab. 2. Parameters of material drawability of matiayed steel H220PD

Direc-| Rpo2| Rm |Asgo|PRroa PRn|PAso
tion |[MPa] [MPa]|[%] | [6] | [%] | [%]

r m | Ar n Mn An

E 0° 219 | 385| 346 1172 0.235
§ 45° | 225 | 368 | 37.42.76| -4.29 8.24| 1.782|1.6400.283 0.2310.231| 0.001
T | 90° | 238 | 382 35.88.38| -0.69 3.67| 1.823 0.229
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2.3. Biaxial bulge test

Bulge test (Fig. 1) was realized for the purposeahparing the curves of harde-
ning from uniaxial tensile test and biaxial tend#st. The hydraulic bulge test can
better describe the plastic properties of a shegalmat large strains (Fig. 3)[3,4].

=

o

Fig. 1. Geometric parameters of hydraulic bulgé tefig. 2. Example tested specimens for HSLA
[5]. R- radius of curvaturegs- initial thickness, s-  H220PD steel sheet material (sample not
actual thickness, x-half of die aperture, h- bulge  burst)

height

To set the standards for material formability argamsion and to deliver reliable
material data to the industry, the Department athfelogies and Materials at The
Technical University of Kosice has developed andl@mented the biaxial bulge test.
This test can be used to determine the formalwmlityarious materials with thickness
up to 1 mm.[5] Fig. 2 shows the tested sample df AlSteel sheet material. Industrial
pressure transmitter DMP 333 to measure the bulgnegsure up to 250 MPa and
linear gage to measure dome height were used éote$t. Measuring devices were
calibrated before the test to ensure accurate msasuts.
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— bulge test
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Fig. 3. Uniaxial and biaxial stress-strain cureésiSLA H220PD steel sheet material
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2.4. Numerical simulation of the hydraulic bulge tst

Hardening curve was estimated on the base of &nest results. Simulation
software PamStamp2G was used where specificatiomanfiening curve model
according to Krupkowsky was chosen:

0=K.go+e,)" ®

where:o is the stresK is the strength index, is the offset strairg, is the plastic
strain anch is the strain hardening index.

Isotropy model of strain hardening (the centerlasficity plane is constant and it
iIs changing the size) was chosen for the calculatithe model is describing the
change of plasticity plane (curve) in dependencelmange of plastic deformation (or
deformation rate). Hill48 material law for orthgbio materials was used for condition
of plasticity, which determines curve form of plegy in the main stresses area:

1; 22 ; ¥ . W2 o
"3:-:iu=3=J:|_H|51:_’3::-' +F(on—05n) +Glog—oy) +2Nop |

(2)

where:s is the stresd;,G,Nare Hill’s coefficients.
Fig. 4 shows a sample pressure vs. time curve rAdH220PD steel from which

the burst pressure was obtained. The burst presgaseabout 145 bar for tested
specimens.

Pressure [MPa]
[s2]

0 1 2 3 4 5 6
Time[s]

Fig. 4. Experimental pressure vs. time curve of A$220PD steel sheet material

The numerical simulation of the hydraulic bulge qges was performed. The
material properties for determining of material mbavere obtained from uniaxial
tensile test. FEM simulations and experiments Haeen performed in order to study
the interrelationship of the geometric and matexiatiables such as dome wall
thinning, dome height and limit strains. From thedy the limit strains and dome wall
thinning under biaxial deformation conditions haeib determined, both simulation
(Fig. 5-6) and experimentally.
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+ Membrane fiver

Fig. 5. Critical amount of thinningp a HSLAsheet Fig. 6. Forming Limit Diagram (FLD) of
metal before failure HSLA steel sheets in same phase as show
previous figure

3. Reached results and discussion

The results from numerical simulation with the expental results from hydraulic
bulge test were compared. Verification of simulatresults mainly on local thinning
of material was focused. Figs.7 -10 show a comparisf thickness distribution on
dome of bulged profile obtained by hydraulic bulgest and from numerical
simulation.
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Fig. 7 Comparisom of numerical simulation witlFig. 8 Comparisom of numerical simulation
experiment, dome height h =16 mm with experiment, dome height h =21 mm
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iy kN y . rd
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Fig. 9. Comparisom of numerical simulation witkig. 10. Comparisom of numerical simulation
experiment, dome height h =25 mm with experiment, dome height h = 32 mm
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No considerable variation of the thickness distitu between results from expe-
riment and simulation, respectively, was obseriakerial thinning from 1,5 to 3,9 %
at lower strains was measured, while thinning taltteange of deformation was up to
10 %. The results of simulation, which are shownFig. 7-10, mostly a few
overestimate the results obtained from experiments.

Results comparison of simulation and actual expemimconfirms results of
simulation. Predicted thickness distribution of dad profile from H220PD HSLA
sheet material was observed. Thus, the material dad/ yield criterion used in
simulation concept seems to be convenient.

4. Conclusions

On the base of realized experimental works, sinaraand actual experiment,
following conclusions can be formed:

1. The strain distributions of HSLA steel sheet onl medged profile correspond
with results from numerical simulation.

2. Deformation is localized in central area of bulgeemisphere, this result
confirm known fact from literature.

3. The results from numerical simulation overestimat& thinning from 1 to 10
%, at lower strains only 1,5-3,9 %.

4. Variations between simulated and experimentally sussd values can result
from measurement inaccuracy.

5. Krupkowsky power law and Hill48 yield criteria pride strain predictions that
seems to be convenient, the other material lawyaad criteria needs to verify.

6. Verification of the numerical simulation of hydraubulge process of HSLA
steel sheet by experiment is possibly to state, phadiction of bulge process by
numerical simulation quite accurately showed pdssgsues at production.
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THERMAL DRILLING AS A PROGRESSIVE TECHNOLOGY
OF CREATING OF BUSHINGS

The contribution deals with joining of materialsdacreating of bushings from aluminium
materials, with using of new joining technologytbgrmal drilling, it means by Flowdrill
method. This method is using at joining of matersuch as sheets , pipes, hollow
profile, where the thickness of material does rlovato make the drilling with enough
number of threads. Also we can compare this thkedrlling technology with produc-
tion of smooth cylindrical and conical bushingsfoyming technologies as hole burni-
shing. This paper was made with cooperation witm fCommerc Service spol.s.r.o.,
PreSov.

INTRODUCTION

With the development of automobile industry anchgsof new materials at the
production of automobiles at present days arisedfjgirement of join of materials. At
the production of automobile body usually joins aheating sheets with non-metal-
coating ones. In the same way there arise thenegents for join of ferrous and non-
ferrous metals.

The classical joint of materials produced by spetding or laser welding not
always allow to provide for required quality of négé and necessity, therefore it is
necessary to investigate the alternative methodamsatérial join. The thermal friction
method is using in joining of materials such asethepipes, hollow profiles.

The contribution deals with the problem of matejaahs by method of thermal
drilling - Flowdrill method. The experimental resipresented in this contribution are
the results of our cooperation with production fimPreSov.

METHODS OF JOINS IN AUTOMOBILE INDUSTRY

The development of products in automobileusidy, expansion of pipe industry,
design of new machine products, utilisation of maaterials, also the joint design in
civil engineering, competition business in the wornharket force the producers to
increase the production and to utilize new techgiela The force of automobile
producers is the biggest from the economical anaitgtive points. Therefore the
producers try to simplify the production and to tise new progressive join methods
of automobile components.

We differentiate in dependence of force transfdwben point, linear and planar
joint in the new material join methods. In the ca$glanar joint ( for example glue-
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joint), the transfer of loading of material is digd equally on the whole area, in the
case of spot joint (for example joint is createdsppt welding or riveting) loading is
accumulated into particular points with local camicate of stress.

We can divide material joints according to wayldit production:

1. mechanical joint join according to screw and matrix, Stampts,

2. welded joint: laser beam welding, plasma welding, electro -camestding,
friction stir welding, spot friction stir weldg,

3. soldering joint: contact soldering, diffusion soldering,

4. glue joint: with using of connecting mass, join by pouring.

At present days, it is often necessary to join ton@nother part and also sometimes
IS necessary to assembly or demount at reparatorexample in automobile or
machine industry. From this reason, producers biegirse progressive technologies:

» technology by using of drilling screws, joining BIDS® system at thin sheets,
» technology of thermal drilling by Flowdrill methoth materials with greater
thickness.

The technology of thermal drilling is usedintgin automobile industry. This join
technology, consists in possibilities of smoothiratlical respective conic bushings
and threads in thin-walled materials, as the shédbsilar profiles and pipes, but also
for bearing length and shafts and also in the loe@king parts of automobile body in
the profiled steel constructions. The method ofrtte drilling is shown in Fig. 1.

I

.|

. ﬁ@«:mmnu

Fig. 1. Scheme of thermal drilling [1]

EXPERIMENTAL METHODS AND RESULTS OF TESTING

During the testing of thermal drilling technologthere were verified the
suitability of mentioned technology for selectedteni@l, for evaluation of quality of
produced holes, bushings and threads at varioumoémgical conditions and for
observe the macro and microstructure of mentionatenals. For experimental aims,
there were proposed for samples non-ferrous mahtatieminium, according to
standard STN 42 4401.The dimension of tested nadigas jacket 30 x 30 x 2 mm.
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The experiments were realized on pedestHdingrimachine type Flott P 23 with
hand control, in firm Commerc Service, spol.s.n®resov, Fig. 2.

The drill, type Flowdrill Short with diamet&,3 mm and the drill, type Flowdrill
Short/flat with diameter 7,3 mm with milling cuttand tapping tool were used in the
experiments, Fig. 3.

Fig. 2. Drilling machine Flott P23  Fig. 3. Ttieermal drilling tool special holder of collet fheat

removal, collet, drill Flowdrill, t@ing tool
In the Tablel is shown the chemical composgtiof testing material AIMgSi.

Table 1. The chemical composition of material - A8, standard STN 42 4401

Si Fe Cu Mn Mg Zn Ti Cr Ostatné
0,58 - 0,18 - 0,10 - 0,12 — 0,53 - max - max - max - max -
063% [0,22% |0,20% |0,20% |058% |0,02% |0,02% |0,08% |0,1%

After realization of experiments, there wesaluated the shapes and quality of

collars, bushings and threads from testing matatighrious technological conditions.

There were changed the drilling speeds in rédmge from 1470 sp.minto
3420 sp. mifl.In the Fig. 4 is shown the results from materiah@nium, where we
can see the collars and bushings and the oridircldrtess of material.

T .

Fig. 4. The collars and bushings from aluminiunterial, material thickness 2 mm
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The bushing creates the enlarge possibiliesising of material thickness and
areas, where the thickness of material can chamge than twice. Also we can make
threads into the bushings. For example we can ushifigs for join of pipes as non-
demountable join, Fig. 5 or for join with threadsdemountable joins, Fig 6.

Fig. 5. The joint of pipe in bushings [2] Fig. 6. The joint with bushing with threa@} [

In the Fig. 7, Fig. 8 and Fig. 9 are showa tasults from technology of thermal
drilling, it means collars from aluminium materatl various technological conditions
[3]. In the Fig. 10 and Fig. 11 are shown the boghwithout collar made with
long/flat drill.

Fig. 7. Al collar, 1470 sp mih  Fig. 8. Al collar, 2550 sp min  Fig. 9. Al collar, 3 420 sp min

Fig. 10. Removed collar and bushing Fig. 11. Reedccollar and bushing with threads
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In the Fig. 12 is shown the shape of bushing froeliottom side. The shape of
bushing is without cracks .The cross-section ofmahium bushing is in the Fig. 13
and bushing with threads is shown in the Fig. 14.

Fig. 12. Shape of Al busher Fig. 18l busher, 2490 sp/min Fig. 14. Rolled #ds, aluminium

In the Fig. 15 is shown the detail of metgtlphic sample of collar tested from
aluminium material at the operating speed 3420 isp.nThe collar is not damaged
and is round. In the Fig. 16 is shown the metadpfic detail of formed thread in
bushing.

Fig. 15. The detail of aluminium collar, m.50x Fig. 16. Detail of microstructure- forming thok
material aluimim, m.200x

CONCLUSIONS

In the contribution was presented the viewnowadays progressive technology
utilized in the join of various types of ferrousdamon-ferrous materials, mainly in the
automobile, pipe and civil industry.

The presented experiments were oriented @uation of material at various
technological conditions on the created bushings thneads for mechanical thread
joint.

In the frame of experiments were used alummslneets with thickness 2 mm .

We can make a conclusion from the resultshef thermal drilling by Flowdrill
method as from the metallographic samples, thattbated bushing and thread can be
used in joining technology. The bushings (with athaut the threads) in material can
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elongate the joining place and the joints will b@eomore strong and safety. Also the
bushings can be utilised as the helped parts irdeomount joints.

When we compare various materials from the poinstadpe quality, the part of
joints from the aluminium material, it means thashings and following created
threads in bushings show the biggest variance trenrequirement shape and in the
many cases there occurred the damages of intagritye bottom border of bushing,
but the function of future joint is without chang and can be used in automobile
industry.
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EVALUATION OF SOME MECHANICAL PROPERTIES
OF STEEL SHEET

The requirement for reducing of weight of produstges the producers to reducing
thickness of used materials. It means the reduointipickness of products from sheet.
The second requirement for product is its adequéitthess. These requirements force
product manufacturers from sheet material to askd@velopment of sheets with higher
strength properties and formability from sheet proers. The properties of sheet must
guarantee deep- drawing of stampings without proislebut with required qualitative
and dimensional parameters. The contribution soltes problem of deep drawing of
bath tubes and pressability of steel sheets useitheatproduction of bath tubes. The
thickness of used steel sheets were changed friennim to presented 1,35 mm. This
change had an influence on the required propermiesteel sheets and also the changes
of technological conditions of deep drawing. Thetrseirface finishing of pressing - bath
tube requires the roughness of surface in the ddfsoundary.

INTRODUCTION

Technological processing of new materials with meaperties offers a number of
problems, because in most cases there is reacteteaoration of indicator of their
technological characteristics of pressability. ¥Yieation of material pressability is
therefore often necessary.

Basic reviewing of pressability of steel sheetsceried out by using of
characteristic values of the basic test of shedénsile test, compression,
microhardness, metallographic evaluation). The testilts can create an idea about
the properties of materials and their possibilityractice use.

The deep drawing sheets are used with higher plpstperties. The formability of
sheet metal, i.e. ability of the material to plesiiiy deform without losing local
stability, and without failure, the basic effecsha

» method of material production (materials castlagsic method, continuously or
in a vacuum),

» chemical properties of the material (eg impusitialloying elements),

* material structure ,

* material texture ,

» mechanical and plastic properties of materials,
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« quality and quality of material surface,

» shape and size of intermediate.

Research, which results are presented in this pa@er made for the products of
sanitary technique. The current trend in this pobidn is to reduce the weight of the
product. Sanitary products are now made of stedeg/mark KOSMALT 190, which
is currently replacing with the new material qualguitable for deep drawing and
enamelling, marked as KOSMALT 180 IF. The mentiomeaterials are used in the
manufacture of sanitary technique, for example pcoty company is called FESTAP,
a.s., Ffakovo.

The basic mechanical and chemical properties oel sgheet suitable for
enamelling, produced in USS Kaosice, is shown inTtakle 1 and Table 2.

Table 1. Chemical structure of steel sheetsigleifmar enamelling [1]

Quality according to Chemical analysis of melt analysis v %
EN 10209/96 C | Mn P S
U.S.Steel Kosice, $.r.0p o oy | S M| o | o | A Cu max.
KOSMALT 180 IF 0,008 0,35/ 0,01 - | 0,015min. 0,020 0,06
KOSMALT 190 0,04| 0,19 0,01 | 0,0150,012 0,02 0,06/ 0,060
KOSMALT 190 S 0,06/ 0,30 0,03 | 0,0150,035 min. 0,020 0,060
KOSMALT 210 0,06/ 0,2 0,03 | 0,0250,020| 0,03 0,07| 0,065

Table 2. Mechanical properties of steel sheetalsiei for enamelling [1]

Quality according to Mechanical properties Width

EN 10209/96

U.S.Steel Kogice,s.r.g. R002 R Aw | oo min. | Moo min [mm]
[MPa] | [MPa] [%6] [-] [-]

KOSMALT 180 IF 180 | 270 - 350 42 1,80 0,22 0,40 62,

KOSMALT 190 190 | 280 -350Q 40 1,40 0,22 0,40 — 2,00

KOSMALT 190 S 190 | 270 -35( 40 1,80 0,20 0,40 -02,0

KOSMALT 210 210 | 270 - 350 38 - - 0,50-2,00

KOSMALT 240 240 | 270 -390 32 - - 0,50 -2,00

In appreciate of the surface quality of the shéetd is evaluated the surface
cleanliness, surface defects and surface micro gggmil]. The surface quality for
deep drawn steel sheets cold rolled prescribe&timepean standard EN 10130/91 +
A1/98. The surface quality for deep drawn steelethéhot rolled prescribes the
European standard EN 10111/98.

The indicator evaluation of formability accordirgrew criteria is listed in Table
3.
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Tab. 3. Evaluation of formability of deep draweedtsheets cold rolled [2]
Evaluation of formability of cold

Identification Formula Dimension ; .
orming
_ The higher value of P
P P= R/ Rz H the better the formability
K k=Ag/R o [% /MPal] The higher value of Kk,

the better the formability

The higher value of ZP,
the better the formability

The higher value of KUT,
the better the formability

Zp  |ZP=K.(R-Rid.A,| [MPa]

KUT KUT =P . Ay [%]

The higher value of IT,

I IT =1000.¢.n, [ the better the formability

EXPERIMENTAL METHODS AND RESULTS OF TESTING

Experimental tests were made on steel sheets of MKALS 190, with thickness
1,5 mm and KOSMALT 180 IF, with thickness 1,35 mm.

To determine the basic mechanical properties oélietnaterials are used an uni-
axial tensile test, which is one of the basic meata tests. The test was performed on
a test machine, TIRA- test 2300, on the Departnzéntechnology and materials,
FME TU in KoSice. Test samples for tensile testev@ken in the directions 0 °, 45 ©
and 90 ° with respect to the direction of rolliagcording to STN EN 42 030.

For determination of the methodology for testingl @valuation of drawability of
materials there have been designed following tests:

* a visual evaluation of tested materials accaydinstandard STN 42 0108,

* preparation and implementation of metallograg@malysis of the tested materials

according to standard STN 42 0469.

» measured values of roughness of sheet, Ra, Rzording to standard EN 1SO
4287,

» sample preparation and implementation of a teriegt according to EN 10002-1,

* the test of normal anisotropy according to stath@&I'N 42 0435;

* the test of the strain hardening exponent adogri standard STN 42 0436;

 determination of the coefficients P, IT, KUT,,ZAxcording to the new criteria of
formability.

On visual inspection of sheets KOSMALT there octhe most frequent errors
such as scratches, corrosion, impressions aftémgoln Fig 1 is shown the corrosion
on the sheet and in Fig. 2 is shown the impressadier rolling.

The fractographic evaluation, Fig. 3 and Fig. 4 ,test samples from steel sheet
KOSMALT 190 were realised on the electron microgcdSM -35 CF JOEL, Japan.

Measurement of surface roughness was realiseddisgaio standard 1SO 4287.
To measure the surface roughness was used thenssptigor roughness measuring
Surfest MITUTOYO SJ — 301. The roughness valuestnitee requirements with
delivery regulations and firm standard from Ra,Ztb 2,7um. The measured values
of KOSMALT 190 ranged from Ra = 1,81 to 2,0ih and KOSMALT 180 IF ranged
from Ra = 1,74 to 1,96m.
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Fig. 1. Visual evaluation —corrosion Fig. 2. Visual evaluation —impression aftafing

G- N \\ L\
18,80 CLEM

Fig. 3 The structure observed at the place of diveara) score with rough surface, b) dinoe
with cavity failure

25KU K400

Fig. 4. The details of mill chips: Irregular shagechip, b) separation of chips from basic maiteri

Uni-axial tensile test was realised according emdard STN EN 10002-1, which

provides the processing and evaluation of meastaks. Tensile test was performed
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on a certified tensile test machine TIRA-test 2300ere were used for experiments
five samples from each of the rolling direction, @5 °, 90 ° according to the rolling
direction.

The measured mechanical properties are given iteafor both tested materials.

Table 4. Mechanical properties of tested materials

Measured values of mechanical properties

Material Rolling Rpo,2 Rm Ago

direction [MPa] [MPa] [%0]
0° 189 300 44,2
KOHAL 190 45° 202 317 40,8
90° 198 306 44,6
0° 173 317 46,0
KOHAL 180 IF 45° 180 322 44,1
90° 179 315 46,3

In Table 5 are given the average values of strarddning exponent and of normal
anisotropy.

Table 5. The values of the strain hardening expbaed normal anisotropy

Measured values of mechanical properties
Material | Rolling r Mm Ar n Nm An
direction [-] [-] [-] [-] [-] [-]
0° 1,498 0,201
KOHAL 45° 1,023 1.327 0,608 0,197 | 0,199 0,004
190 90° 1,764 0,202
0° 1,630 0,244
Kl(%'gfé 45° 1519 | 1721 0,404 0,236 | 0,239 0,006
90° 2,217 0,240
0,25
0,24 =
0.23 I, DD - 5t LEDDQ
0,22
0,21
& 02 ™
0,19
0.18 V.00 I, DO -D
0,17
0,16

0.9

1 11 1,2 13

14 15

fm

1.7 18

® KOSMALT 190 == KOSMALT 180 IF

Fig. 5. Evaliion of formability according tof; ny,

The complex evaluation of the average coefficigmtaymal anisotropy and strain
hardening exponent is indicated in the diagramign 5
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The criteria, based on measured values by tersitéddr examination of the formability
of cold-rolled sheets, are shown in Tab. 6

Table 6. The average values of new criteriaoohfbility

Criteria of formability
Material Rolling P KUT Zp k IT
direction [-] [-] [-] [-] [-]
0° 1,587 70,145 1148,05 0,234
KOHAL 45° 1,569 64,015 947,78 0,202 | 2640,73
190 90° 1545 68,907 1083.78 0,225
0° 1,832 84,272 1761,98 0,266
KOHAL 45° 1,789 78,895 153424 0245 | 4113,19
180 IF 90° 1,760 81,488 1630,87 0,259

CONCLUSIONS

The paper deals with the solving of problem of etipe evaluation of the functio-
nal characteristics of the determined materiakfogcial use and for deep drawing.

On this basis, it can be concluded that the obthiresults and experimental
measurements can be used for the evaluation ofshe®t application of type
KOSMALT 190 with a thickness of 1,5 mm and KOSMAWBO IF with a thickness
of 1,35 mm in the production of new and innovagweducts and can be recommend
them as an input materials for the production afydapressings. The obtained
experimental results show that mainly the testedlstheets KOSMALT 180 IF with a
thickness of 1,35 mm have a high ability of strfime values of n, &) and less
suitability for the drawing from the flange (lowluas of r).

Introduction into production of new materials witmproved of deep-drawn
properties, with less thickness, by the introductd new advanced technologies, with
ongoing study, by training and control can be adfdethe desired results and,
ultimately, the competitiveness of companies irbglanarkets.
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ANNEALING PROCESS AND ITS INFLUENCE
ON MECHANICAL PROPERTIES OF PACKAGING SHEETS

In the contribution sheets made by single rollingdadouble reduction, batch and
continual annealed have been compared. The congratias been done based on two
tests, by uniaxial tensile test and earring test.

INTRODUCTION

Thin steel tinned sheet for the production of metkaging is made from low-
carbon, deep-drawing, aluminum killed steel, castim equipment for continuous
slabs bloom casting. Slab casting is followed by fotling on wide-strip mill. Hot
rolling is followed by treatment at Cold Rolling Mi During the Cold rolling
treatment increased strength, hardness and decoéagkastic properties of rolled
materials is achieved as a result of material lastain and strength increase. To
eliminate these negative changes in material, staltization annealing is included in
the sheet production process. Annealing is madecdmtinuous process (CA —
Continual Annealing) or by batched process (BA tcBa\nnealing).

Continual annealing takes about 2-3 minutes. la finocess the belt is indirectly
warmed up. This heat process is especially suitédreharder qualities of tinned
sheets. This new method of annealing process iaslteinper hardening with tempe-
ratures around 450°C, which allows to produce praity non-ageing material.

Batch annealing introduces a multi-hour processtifier recovery of crystalline
structure which was deformed by cold rolling. Thivantage of these furnaces is in
achieving structure recovery and considerable swoifteof the annealed material as a
result of long annealing and very slow cooling. Th&advantage of this process is in
its long time and unequal temperature in the whatmealing batch content in
comparison with continual annealing in coil.

As for very thin tinplates, the second reductiontlutkness by cold rolling at
intervals 10 — 36 % is made after annealing. Thaltieg product has higher hardness
and strength after double reduction compared tangles reduced material. The
finalization of packaging sheet production is thegess of double side electrolytic
tinning. The tin layer fulfills anticorrosive funot of this sheet.

In the contribution sheets made by single rollimgl @ouble reduction, batch and
continual annealed have been compared. The coropdiess been made based on two
tests, by uniaxial tensile test and earring telse Uiniaxial tensile test has been chosen
in order to compare the achieved strength and iplgsbperties of thin batch and
continual annealed packaging sheets of differeicktiesses in rolling direction and
perpendicular in respect of rolling direction. Te@mpressibility of batch and conti-
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nual annealed packaging sheets has been examinedriiyg test, as well. This test

includes the influence of material properties adl @we technological conditions and

geometry of the active parts of drawing tool foawling process. The anisotropy
properties of tinplates demonstrated by earringteye have been evaluated on cup
from earring test.

The results of these tests should lead to the amtion of testing method for
setting the objective sheet properties and that wweating conditions for their
troublefree drawing processing.

Two types of materials produced by different preesshave been chosen for the
verification of annealing influence on anisotroproperties of tinplates and from each
one two different thicknesses have been tested.

SHEETS ANISOTROPY

Directional values of mechanical properties (amgmg) have great importance
during sheet treatment by drawing. The main reasfoanisotropy lies both in the
rolling process and sheet annealing after rolliktpterogeneous ingredients of
structure are being plastically transformed byimglland therefore changes of shape
and grain orientation appear. Rolling is charazegtiby significant grain elongation in
the rolling direction, whereas deformations in @emhicular direction are much
smaller. Structural or crystallographic texturetiggrates on the total anisotropy, too.

The sheets show two types of anisotropy: surfadenanmal.

The surface anisotropyexpresses inequality of mechanical propertiesfierent
directions of sheet plane. To detect surface ampgtwe need the results from tensile
tests taken from sheets in various angles in rédpewlling direction. The surface
anisotropy has adverse influence during the prooésymmetrical cup drawing not
only on the creation of earrings needed to be rempbut it can also cause thinning of
cup wall thickness and cause circularity deviatioheylindrical cups.

The normal anisotropy expresses the inequality of properties obtainedhieet
plane in respect to properties in perpendiculagddion to sheet plane (in thickness
direction). So it expresses sheet resistance naitig at deep drawing.

EVALUATION OF PROPERTIES BY UNIAXIAL TENSILE TEST

Nowadays the uniaxial tensile test is the mostuUesdly used test for obtaining
basic mechanical properties of sheet. The godhisftest, which has its conditions
and test sample shape indicated in the specifitet®I'N EN 10002-1+AC1 and STN
42 0321, is to obtain the values of yield pointinuéte tensile strength and elongation.
For tinned sheets that show sharp cup stress axiahtensile test it is problematic to
determine the value of maximum uniform deformatibiiders strain is followed by
sharp cup stress with values between 4 — 10 % \asthiey the former one. On tested
sample it is manifested in jumps of strain creatiospecific sample sections. It starts
in one place, suddenly stops in it and passes arctmpletely different sample place.

To determine the anisotropic material properties ttee uniaxial tensile test
samples in rolling direction 0° and perpendiculaection 90° in respect of rolling
direction have been taken. From the uniaxial tensist the following have been
evaluated: the cup stress, the ultimate tensilength and total elongation. The
measured values are shown in Table 1.
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Tab. 1. Measured and calculated values of cupsstoitimate tensile strength and elongation aclieve
by uniaxial tensile test in rolling direction 0°cdaperpendicular direction 90° in respect of rolling
direction

Material | Sample t;ig‘;’; Roo2-0° | Ryoz-90° | Rp-0° | Ry-90° | Ago-0°| Ago- 90°
number [mm] [MPa] [MPa] [MPa] [MPa] [%] [%]

13 0,14 564 674 552 663| 2,7 1,04

TS 550 BA
23 0,17 429 442 420 434 571 3,66
1 0,17 579 538 591 563 | 4,48 10,5

TH 550 CA
58 0,27 548 550 562 576 | 2,27 7,71

From the measured results we can conclude th&drasatch annealed sheets
lower values of cup stress and ultimate tensilengfih in rolling direction and higher
values in perpendicular direction in respect ofimgl direction have been measured.
Higher cup stress than ultimate tensile strengthath of tested directions have been
measured with both samples of batch annealed shBe¢smeasured elongation in
rolling direction has been higher than in perpeuldic direction in respect of rolling
direction.

Lower values of cup stress than ultimate tengilength in both tested direc-
tions have been measured at both samples withne@itannealed sheets. Measured
elongation in rolling direction is likewise lowenrfboth samples than in perpendicular
direction in respect of rolling direction.

This strangeness stems from material structutadtslown in Fig. 1 and 2.

For both annealing processes of tested packagegtsimaterial rupture shown in
Figures 3 and 4 was characteristic. The reasonigifeh obtained elongation for
continual annealed sheets in perpendicular dinegtiaespect of rolling direction was
the fact that plastic strain deformation expandefitst uniformly in the whole section
of measured length of tested bar. As for batch aledesheets there have been ruptures
in all samplesduring local sheet strain without any expansionstfin in the whole
measured length of tested sample (see Fig. 3 and 4)

Fig. 1. Microstructure of continual annealed (leftyd double reduced batch annealed material (right)
of samples taken in rolling direction
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Fig. 2. Microstructure of continual annealed (left)d double reduced batch annealed material (right)
of samples taken in perpendicular direction in eespf rolling direction

Fig. 3. Rupture of sample after uniaxial tensik teith significant slip planes

Fig. 4. Significant slip planes in two directiomsrespect of loading direction of tested sample

In Figures 5 and 6 surface ruptures of tested sssrgole shown. From Fig. 5a) we
can expressly conclude that except primary slimgdawhere the rupture of tested
samples appeared, also the so called secondanyiafips appeared in their proximity.
Local thinning of tested sheet has occurred inghglaces, as well. In the rest of
measured part the tested sample has not beercplpstieformed. The rupture surface
in Fig. 5a), but also the detail in Fig. 5b) andrig. 6 show, that in the place of sample
rupture a sharp contraction (necking) has occurteghoints at the fact that the
material itself has better plastic properties tlla@ plastic properties measured by
method of elongation at uniaxial tensile test.
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UMV SAV SEI 100KV X200  10gm WD 9.4mm
b)
Fig. 5. Rupture surface and her detalil

UMV SAV SEI 100k X100 100um WD 9.5mm

UMY SAV SEl  100kv X500  10pm WD 9.9mm

Fig. 6. Perpendicular view of rupture surface dipdanes

From the details of rupture surface in Fig. 5b)t mainly from Fig. 6, we can
expressly see the slip planes which are manifestethe surface of the sheet in the
nearness of the rupture as waves. Exactly thegp $avings” induce considerable
reduction of cross-section at small thicknesseesied sheet. This cross-section is not
able to transfer the strength necessary for tlaénstf another section of testes sample.
The rupture shows characteristic signs of plastiercrystalline fracture expanding
along grain boundaries where inclusions can bedoun

ANISOTROPY EVALUATION BY EARRING TEST

Earring test has been carried out for cylindriagds A cup of diameter d has been
drawn from circular blank of diameter D from flang@ircular tested samples of
diameter 55 mm produced by turning have been uBkd.test has been evaluated
from three tested samples of every kind of packagheet.
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The anisotropy of sheets is manifested during crgwithg without flange is
manifested by nonequivalent height of cups in déifi¢ directions in respect of sheet
rolling direction. Its expression can be made intipke forms. Following processes
have been used for the evaluation:

— ho B 2h45 + hgo
2
- : Do = Mo

. Coefficient of earring Z ﬂ%* 100 [%0]

. Maximal difference of height cup k- hmin

There are recommend criteria for earring evaluatbrDR tinplates shown in
Table 2. Measured and calculated values are showWable 3.

. Degree of earring Ah

Tab. 2. Criteria for evaluation of DR tinmatearring according to SEFEL

Sample Maximal difference of Middle height cup Earring
thickness [mm] height cup [mm] [mm] [%0]
0,140 <0,85 16,2+ 0,1 <25
0,155 <0,85 16,2 0,1 <25
0,170 <0,90 16,2+ 0,1 <3
0,180 <0,90 16,2+ 0,1 <3

Fig. 7. Cups after earring test

Tab. 3. Measured and calculated values of earoefficient, earring degree and maximum difference
of height cup obtained by earring test

Material Sample [ Nominal thickness 4 Ah Max. difference of
number [mm] [%] [mm] height cup [mm]

13 0,14 4,06 -0,38 0,66

TS 550 BA
23 0,17 3,35 -0,37 0,55
1 0,17 3,47 -0,24 0,56

TH 550 CA
58 0,27 2,83 -0,22 0,48
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In spite of very low elongation values from alltexs sheets we had no problems
with drawing cups (Fig. 7) of the abovementionezesand shape. Their measured
earring is the result of anisotropy propertiesigplates. The highest earring indicators
have been measured with batch annealed sheet adnédss 0,14 mm. The sheet
continually annealed of thickness 0,27 mm fulfill& criteria for earring evaluation,
but none of the tested tinplates succeeds in edktleriteria for earring evaluation of
tinplates at the same time.

Considering significant difference in the shapegoéin at single and double
reduced sheets, we supposed that as for doubleeédiheets the measured values
characterizing anisotropy properties would be abarsibly more significant than for
single reduced sheets. Considering higher streoftdouble reduced sheets, the
anisotropy during cup drawing has not been mamtegt such a significant earring
way as it was supposed.

CONCLUSIONS

Within this contribution tinplates produced by @ifént processes of rolling and
annealing have been evaluated. From the measusedisrave can conclude that
elongation of tested sheets obtained by uniaxisile test does not correspond with
real plastic properties of tested sheets. The gabfecup stress at double reduced
sheets have been higher than the values of ultiteaigle strength. This fact is the
cause of strain localization at uniaxial tensilsttand subsequent rupture of tested
sample without uniform expanding of strain on thHeole section of measured length.

As for earring test, in spite of very low values telsted material elongation
obtained by uniaxial tensile test there have ngieaped any problems by drawing of
cups. The measured values of anisotropy from drawms do not comply with all the
three criteria at the same time, but the earringlldested sheets is rather insignificant.

From the measured results it possible to conclbdethe uniaxial tensile test for
very thin double reduced tinplates does not givevent results especially about their
plastic properties.

This work was supported by the Slovak ResearchDewlopment Agency under
the contract No. APVV-0629-06
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THE COMPARISON OF INNOVATION ACTIVITY
OF SLOVAK AND POLISH ENTERPRISES

The article deals with the evaluation and comparigd innovation activities of Slovak
and Polish enterprises. It is focused on the nunatb@mnovative enterprises according to
their size (small, medium, large enterprises) aratoading to the sector of their

operation (industry, services, construction). Tliermtion is also paid to the cooperation
of enterprise in the innovation’s creation and depenent, i.e. to the cooperation from
the perspective of countries of partner operatirtom the perspective of the type of
cooperating subject or institutions and from thegpective of those who participated in
the creation of new or significantly improved protor process (either the enterprises
itself or enterprise in cooperation with other aptéses, respectively new products or
processes are developed by other enterprises).

INTRODUCTION

In the recent years the innovation are considersed driver force of economic
growth in the economies of advanced industrial toes In 2000 the European
Council met in Lisbon and it has identified theomation as the most important factor
of the competitiveness of European enterprisesa ptesent, the innovation and new
knowledge are considered as a starting point fileencurrent financial and economic
crisis. As the European Union lags in innovatiomfgmenance behind the U.S. and
Japan, the V4 countries lags in innovation perfarcesbehind the EU average. Slovak
Republic and Poland (together with Hungary) arethe last group of countries
according to the Summary Innovation Index, calledcleing-up countries. These
countries are characterized by the lack of innovatctivity, situated well below the
average EU 27. Therefore, the article presentdtseBom the analyze of innovation
activity of Slovak and Polish enterprises and campahis two countries.

THE INNOVATION ACTIVITY OF SLOVAK ENTERPRISES

Slovak republic is the smallest country of V4 coig®t not only by its extent, but
also by the number of the population. Together \whth Poland and Hungary belongs
country to the group of catching-up countries, vebgrits innovation activity, which is
evaluated by the Summary Innovation Index, is highen the innovation activity of
two mentioned countries from this group.

The size of country is also reflected in the nunmidfegnterprises in Slovak republic
(the lowest number of enterprises in comparisorn e other V4 countries). From
the number of 6 465 enterprises only ¥ of entegprdecided to create and implement
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some type of innovation (Tab. 1). The most of gises still regard this activity as
expensive and very risky; therefore they prefemapke way without the innovation.
The most of product and process innovation wettbenyear 2006 implemented in the
large enterprises, the least in small enterprigdstive number of staffs from 10 to 49.
Regardless of the size of enterprise, in the cgyredominated and still dominate the
enterprises without the innovation activity.

Table 1. The enterprises with innovation activitg@rding to the size and the type of implemented
innovation in Slovak republic

Enterprises with innovation activity Enterprises
Size of Total Product Establish 'thp : T
enterprise/type otal and Product | Process innovators, | . Withou
. . enterprises Total . P . . ' | innovation
of innovation process |innovation| innovation| ongoing and/or] o
. . activity
innovation abandoned only
Small
enterprises 4575 874 257 218 342 57 3 701
Medium 1459 | 492 217 113 147 16 967
enterprises
Large
enterprises 431 242 148 29 57 7 189

Source: self elaboration according to the data fEamostat on 13.1.2010

According to the analyze of innovation activityegiterprises by the sector of their
operation we can state, that in the year 2006 hadhighest share the industrial
enterprises, nearly 27% of enterprises innovateeir thproduction by the
implementation of product, process or both produn process innovation. From the
total number of enterprises, 2 828 enterprises’dm@alized any innovation activity

[6].

1037

O Industry m Construction @ Senices

Fig. 1. The number of enterprises with innovatiotivéty according to the sector in Slovakia

The highest innovation activity was recorded in theéustrial enterprises in the
area of Manufacture of office machinery and comptevhere exactly half of the
enterprises in the year 2006 introduced some typ@rmvation. Less than half of
innovative enterprises were from all other areamddistry, for example from the area
of Manufacture of medical, precision and opticatioments, watches and clocks and
Manufacture of electrical machinery and apparatiib the 43% share of enterprises
with innovation activity on the total number of ergrises in this area.
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On the other hand, the lowest innovation activigsvebserved in enterprises deals
with the Collection, purification and distributiasf water (5,88% of enterprises), the
Manufacture of wearing apparel, dressing, dyeing faf clothing production,
processing and dyeing of fur, the Manufacture gfiless and textile products, leather
and leather products with around 10% share of iatie& enterprises on the total
number of enterprises in this area [6].

In the service sector has decided to improve thavices or to improve the level
of services supplying about half of the numbemafustrial enterprises (Figure 1), but
their share on the total number of enterprises idnog services was almost 22%.
These enterprises preferred process innovatiomnoadiict innovation.

The most of innovative services were provided by émterprises in the area of
Financial intermediation, except insurance and ipensunding (62,22% of these
enterprises provided new or improved service), afsdhe area of Research and
development, with the 61,36% share of innovativeegamise on the total number of
enterprises in this area, and in the area of RakTalecommunications, where exactly
60% of enterprises decided to innovate providingises.

The lowest innovation activity, but not so much lgvan in the industrial sector,
was in enterprises that realized Supporting andiaoxtransport activities, activities
of travel agencies with the 13,48% share of inngeatnterprises on the total number
of enterprises in this area [6].

In the year 2006, enterprises in the constructectos were showed the lowest
innovation activity. From the total of 1 526 comstiion enterprises, only 12,39% of
enterprises innovated their production mainly byraducing new or significantly
improved processes.

According to the analyze of innovation activity ehterprises operating in the
different sectors according to their size we catestthat both in industrial and in
service sector were the most numerous small emgesyrbut the share of small
innovative enterprises on the total number of seaérprises in industrial and service
sector was the lowest (Figure 2). By contrast te, tthe least numerous were large
enterprises, of which over half enterprises decidethtroduce the innovation in the
year 2006.

a) industry bj\sees

19% 7

47%

o small mmedium @ large O small mmedium @large

Fig. 2. The enterprises with the innovation acgiatcording to their size in Slovak Republic
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THE COOPERATION IN CREATING AND IMPLEMENTING INNOVA TION
IN SLOVAK REPUBLIC

The development of new or significantly improveadguwct and process may be
involved in various enterprises, institutions. Imatbon may be the result of the
enterprise’s activity or the activity of the groop enterprises that introduce it, the
result of cooperation of particular enterprise vitie other enterprises or may be fully
developed by other companies, institutions.

According to data available from Eurostat for tkeeigd 2004 - 2006 it can be state
that the most of Slovak enterprises, either alanen @ooperation with the group of
enterprises developed product or process innovatiba new product was developed
by 733 enterprises and the new process by 580pzistes. We can also say that in this
period were dominant industrial enterprises abbeeenterprises from the service and
construction sector (Tab. 2).

In the development of new product 243 enterprisesperated with other
enterprises or institutions and in the developm&nnhew process that was nearly
double number of enterprises. Again, the industeaiterprises dominated in
cooperating during the development of new produgbrocess, not enterprises from
the sector of services or construction.

In the analyzed period, the enterprises used at tha possibility to develop new
product or process entirely by another instituborcompany.

Table 2. Product and process innovation accordirige developing organization and the sector of
their operation in Slovak Republic

Product developed Process developed
Sector of enterprise’s mainly by by in mainly by by in
operation / developing other enterprise| cooperation other enterprise| cooperation
organization of new enterprises| orthe | with the other] enterprises| or the | with the other
products or processes or group of | enterprises o or group of | enterprises of
institutions | enterprises$ institutions | institutions | enterprises institutions
Number of enterprises in:
industry 57 441 138 145 311 282
construction 17 55 7 65 59 30
services 35 237 98 94 210 146
Total in all sectors 109 733 243 304 580 458

Source: self elaboration according to the data fEamostat on 13.1.2010

During the period 2004 — 2006, 574 of Slovak entegs had decided to cooperate
by creation and implementation of innovation withme of institutions or subjects
operating in the country. The most important pagneere suppliers of equipment,
materials, components or software, i.e. 278 ofrpnes cooperated with this partner
(Tab. 3). The greatest interest in cooperation sradll enterprises and their share on
the total small innovative enterprises was 20,48%.

For the cooperation with other enterprises withie group of enterprises had
decided 128 enterprises. In this case, mainly laagd medium-sized enterprises
cooperate. Several enterprises also had an inteyesork with a very important
group, with clients and customers.
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The smallest interest had Slovak enterprises ipe@iion with the government or
public research institutions, where only one medsired enterprise, two large and
six small enterprises preferred this type of coapen.

Table 3. Number of enterprises in Slovak repulboperating with other institutions in creation and
implementation of innovation

Number of cooperative
Total number | enterprises according tg

Cooperative institution / size of enterprises of cooperative their size
enterprises
small | medium| large
The cooperation of enterprises with:
consultants, commercial labs, or private R&D ingts 37 7 16 13
government or public research institutes 9 6 1 o
universities or other higher education institutions 20 7 6 7
suppliers of equipment, materials, components fiwaoe 278 179 61 38
clients or customers 89 31 38 20
competitors or other enterprises of the same sector 12 2 6 4
other enterprises within your enterprise group 128 26 49 53

Source: self elaboration according to the data fEamostat on 13.1.2010

If we want to evaluate the cooperationSlbvak enterprises in the period 2004 - 2006
with other enterprises by the country of their gpen we find out that unlike the
other V4 countries, Slovak enterprises preferreel tlooperation with enterprises
operating in various European countries. But tHiedince is not significant (Tab. 4).
During this period the cooperation with Europeamrtdes was preferred by 489
enterprises and the cooperation with enterprisesatipg in the Slovak Republic was
preferred by 478 enterprises. The greatest intémestese two types of partners had
the large enterprises (about 50% share of larg@earating enterprises on the total
number of innovative enterprises), followed medisized enterprises with
approximately 30,5% share and small businessesanittverage 24% share.

The cooperation with the enterprises in USA ortimeo countries was preferred by
143 Slovak enterprises, whereby dominated largerpnses.

Table 4. Number of enterprises in Slovak repulbcperating in creation and implementation of
innovation according to the country of partner atien

Number of cooperative

o _ _ Total number | enterprises according tg
Cooperative institution / size of enterprises of cooperative their size

enterprises

small [ medium large

Enterprise engaged in any type of innovation coajean:

within United States and other countries 143 42 9 3 63
national 478 205 152 121
within other Europe 489 214 151 125

Source: self elaboration according to the data fEamrostat on 13.1.2010
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THE INNOVATION ACTIVITY OF POLISH ENTERPRISES

Poland is according to its area and populationdhgest country of V4 countries,
what corresponds to the number of enterprises tpgria this country. In 2006 were
in Poland multiple numbers of enterprises in congoarwith the Slovak republic. But
from the total of 44 480 enterprises in Polandy@8% of enterprises had decided to
innovate their activities. The most innovative aetivere large enterprises (36,16%),
but this group of enterprises was the least nunsegyoup of enterprises in Poland
(Tab. 5). In 2006, only 15,45% of small businessesided to introduce innovation,
either product, process innovation or both, pro@unct process innovation [6].

The prevailing type of innovation introduced instliountry was the combination
of product and process innovation, but in contrashe most countries, the enterprises
didn’t preferred product innovation, but processowvation.

Table 5. The enterprises with innovation activitg@rding to the size and the type of implemented
innovation in Poland

Enterprises with innovation activity )

Size of - Enterprises

1ze ot Total Product Establish without
enterprises/type enterprises| Total and Product | Process | innovators, | innovation
of innovation process | innovation| innovation| ongoing and/o  activity

innovation abandoned only

Small enterprises 31 951 4 937 2182 945 1713 98 27 014
Medium 10339 | 3895 1862 639 1289 105 6 445
enterprises
Large enterprises 2 190 1403 792 172 407 31 787

Source: self elaboration according to the data fEamostat on 13.1.2010

In 2006 were dominated in Poland the industriakrises above the enterprises
providing services (Figure 3). From the total of @74 enterprises in the industry,
6672, i.e. 23,94% of enterprises, had decided vesihmoney in the some type of
innovation.

6672

O Industry m Senices
Fig. 3. The number of enterprises with innovatiotivity according to the sector in Poland

The highest activity was recorded in the innovagveerprises from the area of
Manufacture of tobacco products, where even 90,81 %nterprises innovated their
production. The second highest innovation activilgs recorded in the industry of
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coke, refined petroleum products and nuclear fuetiypction, with nearly 60% share
of innovative enterprises in the total number alustrial enterprises.

On the other hand, the enterprises from the arégheoManufacture of garments,
processing, dyeing of fur, consider innovating ithgbduction as a very risky, which
is also reflected in their innovation activity. 2006, only 7,24% of these enterprises
had introduced some type of innovation. To the grotienterprises with the lowest
innovation activity in Poland were also includedegprises from the area of Textile
production and Manufacture of leather goods [6].

In the service sector even 78,55% of enterprisesddd to introduce any
innovation. The least innovative enterprises werter@rises providing services in the
area of Land and pipeline transport, water trartspartransport with about 14% share
of innovative enterprises in the total number deeprises in this area.

The highest innovative activity (but in compariserth other V4 countries this
activity was not very high) was recorded in entisgs providing Insurance and
pension funds, except compulsory social securither 68,35% of enterprises
innovated their services and in enterprises pragidtinancial intermediation, except
insurance and pension funds with 60,96% share ralviating enterprises in the total
number of enterprises in this area.

In terms of the size of innovation active entegsisperating in various sectors, in
2006 dominated in the industry medium-sized enisgpr with the number of
employees between 50 and 249 and in the servitersgmminated small enterprises.
The number of large enterprises in both sectorsthe@towest (Figure 4).

It is not possible to do the analysis of the datéhe construction because the data
for this area in Poland are unavailable.

a) industry b) sees

17% 8%

29%

63%

O small @ medium @ large O small mmedium @ large
Fig. 4. The enterprises with the innovation acgiatcording to their size in Poland

THE COOPERATION IN CREATING AND IMPLEMENTING INNOVA  TION
IN POLAND

In Poland new products and processes were develepleer in the enterprises
themselves, or were developed by the group of pnses or the enterprises
cooperated with other enterprises, respectively thmintained these innovation
activities to another company or institution. Dgyithe period 2004 - 2006, up 5 041
enterprises decided alone, respectively in coojperatith a group of enterprises to
which they belong, to develop innovative produethjle 70% of them were enter-
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prises from the industry sector. Also the developinaé new process using this type of
cooperation dominated in industrial enterprisest mo the enterprises providing

services (Tab. 6).

Table 6. Product and process innovation accordirige developing organization and the sector of

their operation in Poland

Product developed

Process developed

Sector of enterprise’s mainly by by in mainly by by in
operation / developing other | enterprise| cooperation| other | enterprise| cooperation
organization of new enterprises| or the |with the other| enterprises| or the | with the other
products or processes or group of | enterprises of  or group of | enterprises of
institutions | enterprises institutions | institutions | enterprises institutions

Number of enterprises in:

industry 190 3578 613 755 3 388 1257

construction n.a. n.a. n.a. n.a. n.a. n.a.

services 392 1463 356 790 1 425 630
Total in all sectors 582 5041 969 1545 4818 1 88

Source: self elaboration according to the data fEamostat on 13.1.2010

During the period 2004 - 2006 were in Poland 4 &3@rprises that had decided to
develop and introduce new or significantly improyedducts and processes by using
the cooperation with companies or institutions agieg in this country (Tab. 7). The
Polish enterprises were considered the most impioctallaborators in their innovation
activities just suppliers of equipment, materiaemponents or software. From the
number of 2 194 cooperating enterprises was thet mosierous group of small
enterprises with the 20,17% share of total numbennovative small enterprises. The
least numerous was the group of large enterprizgsthe share of cooperating large
enterprises in the total number of innovation a&tanterprises was the highest, i.e.

24%.

Table 7. Number of enterprises in Poland coopegatiith other institutions in creation and
implementation of innovation

Number of cooperative
S _ . Total number | enterprises according to
Cooperative institution / size of enterprises of cooperative their size
enterprises .
small | medium| large
The cooperation of enterprises with:
consultants, commercial labs, or private R&D ingés 274 108 109 57
government or public research institutes 312 15 155 81
universities or other higher education institutions 195 51 100 44
suppliers of equipment, materials, components fiwaoe 2194 996 862 337
clients or customers 897 417 317 163
competitors or other enterprises of the same sector 194 95 78 22
other enterprises within your enterprise group 864 | 230 361 272

Source: self elaboration according to the data fEamostat on 13.1.2010
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897 Polish enterprises had decided to cooperatemagor groups, i.e. clients and
customers, which significantly affected the demaiod innovative products or
processes. Then followed the cooperation with o#rerprises within the group of
enterprises and the cooperation with the governrmermublic research institutions.
This cooperation was preferred mostly by mediunegienterprises.

The smallest interest had Polish enterprises irp@@ion with universities or
other higher education institutions and also wii tompetitors or other enterprises in
the same sector with 1,90% share of the cooperatitgyprises in the total number of
innovating enterprises during the period.

According to the countries in which the partner rapes, also in Poland the
enterprises preferred the cooperation with domestierprises to the cooperation with
foreign countries. During the period 2004 — 2006418 enterprises had decided to
cooperate in developing and implementing the intiomaat national level, whereby
dominated the cooperation between the medium orll semkerprises with other
enterprises in the country (Tab. 8).

Again, the smallest interest had the Polish enisgprin cooperation with the
United States and other countries in the world, retenly 688 enterprises during the
period had decided for this type of cooperatione Bhare of large enterprises using
this type of cooperation in the total number ofj@ainnovative active enterprises was
16,54%, the share of medium-sized enterprises enttlial number of innovating
medium-sized enterprises was 5,65%. This type opermation was also preferred by
237 small enterprises, but their share in the taowamber of innovative small
enterprises was only 4,80%.

Table 8. Number of enterprises in Poland coopeagatircreation and implementation of innovation
according to the country of partner operation

Number of cooperative

o _ _ Total number | enterprises according to
COOperathe institution / size of enterpl’lses of COOperaUVe their size

enterprises

small [ medium| large

Enterprise engaged in any type of innovation coajean:

within United States and other countries 688 2B7 220 232
National 4418 1789 1794 834
within other Europe 2231 696 907 627

Source: self elaboration according to the data fEamrostat on 13.1.2010

CONCLUSIONS

The article compares the innovation activity of\@alk and Polish enterprises. On
the basis of the analysis we can state, that ih botuntries during the year 2006
dominated the interest of enterprises to introd@ther product and process
innovation, not only product or process innovatidhe largest group of enterprises
introducing some type of innovation were small gniises, the least numerous were
large enterprises. Looking at the sector of opegatine innovative enterprises we can
state that the most innovative active were indalsi&nterprises and the least were
construction enterprises.
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New or significantly improved product or process d&y developed by various
institutions from different countries. The enteges in all three sectors during the
period 2004 - 2006 preferred the development of pevducts or processes in their
own enterprise or within the group of enterprisefobe the cooperation with other
enterprises or institutions. The enterprises atsfepred the cooperation with suppliers
of equipment, materials, components or softwargy alith the clients or customers
and other businesses within the group.

The article also includes the analysis of coopenatif domestic enterprises in the
innovation’s creation and development with othetegprises located in different
countries. During the period 2004 - 2006 prefertbe Polish enterprises the
cooperation with domestic enterprises operatintpéncountry, before the cooperation
with enterprises or institutions operating in otliropean countries or in U.S. and
other countries in the world. But Slovak entermiseostly preferred the cooperation
with other European countries.
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EQUATIONS OF ELASTICITY THEORY IN A HELICAL
COORDINATE SYSTEM

The present research provides working out the egustof solid elastic continuum in
non-orthogonal helical coordinate system. A comgrarihas been drawn with regard to
known equations of static, geometry and physiesdplindrical coordinate system. Some
examples have been provided solution to.

INTRODUCTION

Helical bodies have been known since ancient tifti@ The applications they
were subject to have enjoyed a wide variety: trartgpion of liquids and cargo in-
bulk, joining elements, transformation of rotatiato translation, tools etc.

Various mathematical forms of describing, hencedeustandings of the term
“helical body” exist. According to [9] a helical 89 is formed when a cross-section of
a particular shape having a normal helical lineasto motion. According to [2], the
latter comes to exist when a spot moves roundcéedieeping constant speed velocity
while the circle oscillates keeping constant speeldcity into a direction which is
normal to the plain it lies onto. This definitioa quite suitable to use in defining
helical coil springs since the cross-section mewtibafore disposes of a simple shape
- most often circular or rectangular. According[1®] helical bodies are formed up
when a cylinder has been taken off a section faligva helical line but situated onto a
plane that is defined by the rotation axis andcylmder radius, pointing to the current
position along the helical line.

In this present research a helical body is conceofeas one that has been formed
up through simultaneous rotation along a constamdé and a translation in the
direction which is normal to the plain it lies onteigure 1. It is possible that the
rotation axis does not coincide with the weighttoerof the cross-section, as is in
cases with helical coil springs and screw of odohbber of strokes.

The description of a stress-deformed state of thkcdl body in a helical
coordinate system allows for an easier settingooiblary conditions.

Introduction of helical coordinate system has badopted when solving some
problems in domains of physics as well.
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In [6] a beam having piezoelectric qualities hagrbeegarded that allow for
controlling the twisting of the beam itself. A ttimensional coordinate system has
been introduced possessing straight axes whosatatien in relation to the initial
coordinate system changes along the longitudinal thws drawing a helical line. The
coordinate system being so defined representsthagamal one.

z,Q

O r,p

Figure 1. Formation of a helical body

In his dissertation [3] equations by Navier—-Stokesve been worked out
pertaining to laminar stream of non-Newtonian ftuich a helical tube and an
orthogonal helical coordinate system has beem@fbf

In the work of [1] a helical coil spring comes undegard having arbitrary length
and a constant cross-section, loaded with a sédfabad system of forces at the one
end. It has been proven that the principle of Sdemnant is valid, and in order to
manage calculations there has been introduced ieahebordinate system having
straight lined axes and is non-orthogonal.

In [8] a modeling of a fluid stream passing throwghextruder consisting of two
jointly operating screws. For the purpose properuaand Hu helical coordinate
system has been introduced with one straight-lixie § one radial axip and a
rotation angley: Fig. 1. The coordinate system being so introduted non-
orthogonal one. The link between the Cartesian tedso introduced coordinate
system is as follows:

x' =& cos€” +al’),
x* =§&'sin@E* +aé’),
X

3:23.

(1)

The inverse relation is:
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bef +bef

2 (2)

£ = - +arctg(S) |
X

&=

g;:3 :XS

Another research areas where the helical coordiggstems is in use - image
recognition in geodesy [5], study of microorganismsotion [4], modeling and
research in laminar and turbulent stream [13].

EQUATION OF ELASTICITY THEORY IN HELICAL COORDINATE
SYSTEM

1. Basis vectors, metric tensors and Christoffel symb® in a natural (cova-
riant) and a dual (contravariant) helical coordinate systems.

A helical coordinate system has been defined irm@ance with [8], with links
between Cartesian and the new system provideddhrfmrmulas (1) and (2). Denotes
of coordinates in different coordinate systemsgiven in table 1.

Table 1: Denote coordinates

. Cartesian _ Cylindrical . Helical
Cartesian . Cylindrical . Helical ;
i coordinate . coordinate ; Coordinate
coordinate coordinate Coordinate .
Svstem system — Svstem system — Svstem System - index
y index record y index notation y notation
x [m] X" [m] r[m] y'im] p [m] & [m]
y [m] X2 [m] 0[] 2] v [] &2 [
z[m] X3 [m] z [m] y[m] ¢ [m] &° [m]

Basis vectors in the natural coordinate system hawas follows:

g, = cos(f2 +cr€3)el +sin(€2 +a53)e2 =€ [,

g, = -&*sin(¢? + ad’le, + & cod¢? + ad’le, = pe;, [m, ©)
g, = ~Easin(f? +aéle, + Eacodé® +aélle, +e, = ape, +€, [,
and in the dual one:
g'=g, =€ []
9° = B, - ag, :%e’; - ae; [1/m], (4)

3_—

g = agz+g3=e; [']’
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where bye€, there have been marked single basis vectors iarte€ian coordinate

system, and byET there have been marked basis vectors in a cytialddoordinate

system.
The metric tensors in the natural and dual helicabrdinate system are,
accordingly:

10 0 1 0 0 5
[g”]z[gigi]z 0 (51)2 0(51)2 and [0"1=|0 B -a
0 algf (o) +1 0 -a 1
whereBzﬂcﬁx [m?].

(e
Metric tensors possess values other than zero foiltieomain diagonal due to the
fact that the coordinate system is a non-orthogonal
Christoffel symbols of first order have been defineccording to the following
subordination:

1 (6)
[k :E(gjk,i T 0k, +gij,k)
and represent the following:
0 0 0 0 & ¢&'a
=10 & =&a ,rijZ =/ ¢ 0 0 ,
0 -&a -&a? fa 0 0 (7)
0 ¢'a ¢&'a?d
Ms=| &'a 0O 0
a? 0 0
and those of second order according to the follgwmbordination:
I — Ak
i =97 (8)

and come in as follows:
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o = &
0O O 0 1 ¢ < 0O 0O
ri=jo -& -&a| = e 0 0 =000 )
0 -&a -&a? a 00O
— 0 O
<(1

Since the coordinate axes are not straight linféanstoffel symbols are other than
zero.

The physical components of a vector go defined raicg to the following
subordinations:

v' =v'.Jg,, - covariant components and (10)

v, =v,4/g") - as per contravariant components. (11)

In a helical coordinate system the physical comptmef a vector are defined
according the following subordinations:

v v v =V v = v (el +1 and (12)
V@& +1 (13)

Vi=V, Y, 1 Vo, V3 =V

2. Working out the equations of elasticity theorym a helical coordinate
system.

The equations of elasticity theory in a general mearare known (arbitrary
coordinate system) [7]:

The equations of static (equations of equilibriiarg as follows:

r’ ot p' =0 (14)

where withe' there have been marked the stresses, apttbg volume forces.
Covariant derivative of tensor is:

ij — j i mj j im
| =Tl AT ™+ (15)

Using equations (9) and (15) for helical coordinsystem equilibrium equations
we get:

1
M+ T,3§1+?T“—€1T22 —&a’r?-28ar® + pt =0 [(Nm?
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3 2a

T,ll2 ' T,222 ' T,233 I ,;1 ' ,;1 o p2 =0 [N/“'4] (16)
1

T,?il ' T,Zz3 ' T,?és ' ,;1 o p3 =0 [N/“'3]

Geometry equations go as follows:

_ 1( )_ 1 ) (17)
=3 Vi‘,- +VJL ‘E(Vi,j +Vj,i)_riij,
wherey; represent the strains andepresent displacements.
Using (9) we obtain as follows:
Vi1 =Vaa[-], Jho = Voot Evy [M?], Jas = V3 3t a*Evy [,
1 1 1
2= V=3 (Vi 2t Vz,ﬁ'?Vz [M], )6 = Y52 = 5 (Vo Va )+ a&vi [m], (18)
1 a
1= W3 = > (Va 1+ V1,3)'EV2 [-].
Physics equations (Hook’s law) go like this:
i =ciky, (19)

whereC™ is a tensor bearing material characteristicsriat be represented as
follows:

] ik il v (20)
c™ =G(gkg" +g'g" +—1_2V9‘9k'j.

In the last equatiofs is the marking of a second order elasticity module, gin
comes to be the mark of the metric covariant tensor
If the additional subordinations be introduced:

_._ E _ Ev A X
HEC =) P A= ey P e

(21)

E:M[Pa]
A+ u

whereE comes to denote the first order elasticity modulé\abe the mark Poisson’s
ratio then Hook’s law comes to be:
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™ = 2uyim +Ag jmyij _ (22)

Taking into account (5), (21) and the last equatdrat we get as per the helical
coordinate system physics equations come to biloeving:

r= % (1_V)y11 +V(By22 Ve~ 20’}/23)] ' [N/mz]’ @3
r = 1EGZ|/ [VByll + (1_V)BZV22 + (a'2 +VC)V33 - 20’B(1—V)y23], [N/m’,
r*= ]3(25'/ [Vyn + (a,z + VC)sz +(1-V)yss - 20/(1—v)y23], [N/m?],
r'? =12 = 2G(By,, - ays,), [N/m?],

2G
r?=r"= E{[B(l_ 2V)+ 0’2]}/23 - a[Vyn + B(l_V)yzz + (l_V)Vss]} [N/ms]’
=7 = ZG(By31 _ay12)’ [N/mz]-

1-{ag’f

In equations (23) the following denotation has bie¢mduced.C = ( 1)2
§

In order to define the physical components of aisttensor there has been used
the subordination [14]:

9j (24)

In a helical coordinate system the physical comptmef stress tensor acquire the
following representation:

L2
Ill :Tll; I22 = ( (21;2 +1T22; I33 = &(aEl)Z +1T33,
4/ (A

~ El _ _ (25)
T12 —ElTIZ; I21 — .[21. I12¢ 121, I23 —El.[23; I32 —E]_[32’

i JaEhZ+1
I31 :.[31; I13 = l(azl)z +1.[13; I13?,__ 131.

How it sees the tensor of physical components issyanmetric.
Conditions of surface (Cauchy’s equations). Thé $tiess vectot” in a plane
with normal vecton will by express by the covariant basis vectors:

" = g, (26)

109



Figure 2 provides the single normal vectors to domte surfaces
collinear by contravariant basis vectors.

The physical components of normal stresses to cwetelsurfaces are:

1,2
oP 0 = gl U= % ew=1 T22=%T22; o=
g®? B (agh)?+1

and tangential ones are:

I(p) = \/(51T12)2 + (r13)2[(a<(l)2 +1] + 22.121.130(4(1)2 ,
™ =

(£Y)° 21y2 222 @°(&Y)* 22,23 (0 z1y2 23y 2 142
\/(a51)2+1{(7 )"+ () —(a£1)2+1+2T r=a($)" + () (as)” ]},

I(Z) = \/(Z'31)2 + ({12.32)2 + (1.33)2(0,{1)2 + 21’322'330’(51)2 .

1
W) — 2
¥ =—g
VB Ap
g | dE
=Lt !
VB ; 6
AC
4
1 ———‘—’ / ~\‘~\\3 n(p) :gl

Figure 2. Single normal vectors to coordinate si$a

3. Comparison of results to a cylindrical coordinag¢ system

. They are

(27)

(28)

If in equations of elasticity theory in helical ecdmate system we replaece= 0,

the following expressions come out:
Equations of static:

1

T’111 + Z.’221 + T,331 +—1Tll _ y1T22 + pl -0 [N/mg]
y
3

I T AT T P =0 (N

1
13 23 33 31 3 -
Ty +T5 +T5+—=77+p =0 [N/m?
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Equations of geometry:

1 1
Yir=Vi1 [l Vo2 =Vorty' Ve [M7], Vas =Vas [-], Yiz=Yor - 5 (Ve 2t VZ,D'FVZ (30)
1 1
[M], Y23=Ya2= 5 (V2,3t V3.2 [M], Va1 =Y13 5 Va1t Vi) [-]-

Equations of physics:

o (e ) )

2= le [(1-v) 222 +v(yartya] [N/m,
L-2v)(y") (y*) (31)
3= 2G Voo

T -2 [(1-Vv)yas+V (Yt 755 (y ) )] [N/m?,

125121= 2G (Vﬂ) [N/m?), 12312 = 26(1’—23 [N/m¥, % = 1% = 26y,
y

[N/m7.

Those are the equations of elastic continuum irylendrical coordinate system
equations worked out in [11], to which correspotigis helical one in view of the
replacement introduced.

4. Examples
ExampleA. Let there be a displacement vector in a helioafdinate system:

A aét
Vv, = bé* :
v, ab& +céd

Using equations (18) the deformation tensor coméet

. b ba
Vo Va Va b 22 2 ]
Vi Voo Var| = _E a(gl) a(fl)
Viz' Va3 Va3 b70’ aa( 1)2 c a(a{l)z

Using equations (23) for the stress tensor we pbtai
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(a+1c) b

(1-2v) e 0
;11 ;21 ;31 ool b W +a [C + V(Za - C)] ) a[c N V(Za ) C)]
le 2_22 2_32 2(51)2 (1_ 2V) (1_ 2V)
13 lag g3 0 _ a[c + V(2a - C)] [C + V(Za - C)]
(1-2v) (1-2v)

Volume forces vector comes to be the following:

P 0
b
2L =i-2G—— -
- o)
0

Example B. If helical coordinate system displacemimctions be provided as
follows:

u =a cos(q‘2 + a.{3)+ b.sin(gr2 +a.£3), u,=-aé" cos(q‘2 +a.£3)+ bt .sin(q‘2 +a.£3)

u,=-aaé' r:os(gr2 + 0.53)+ ba &t .sin(gr2 + a.{S)+ c
when using equations (18) what is obtained conngrdeformations is as follows:
Viin = Vo2 = Va3 = V12 = Vos = V1 =0.

Indeed, that corresponds to displacement of a hglatal body.
Example C. Tension-compression of a cylindricalyoo
Let displacements be provided in the following meamn

0, = codg? +a£3{— [LF & coEs(gz +a53)+c_51 sin(g? +ae%)- Ag? +ao} .\

_ /,J.F.flsin(f2 +a£3)
E.S

+sin({2+a’{3{ +B& -CE c05(52+a{3)+b0]

o, =& sinlg? +a§(3{_ UF.& coEs(éz +ag’) o a sinlé? +a6%)- AE° + ao} .

~ ,u.F.Elsin(E2 +a{3)
ES

0, =& a sinlé? +a§(3{_ /J.F.Elcoé(;ﬂ i sinlé? +a8°)- A +a0}+
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~ /,J.F.flsin(f2 +a£3)
E.S

+ & acode? + 053{ +BE -CE code? +ag?)+ bo} ¥

+ A cod€ +a®)-BE sin[f? +agd)+c,.

+

F.&°
S

Strains in lieu of equation (18) are:

¥, :—E Vo == El Z’UF V. :_Fl(gl)zazlu_ll Vo = — El za,u':
11 ES ’ 22 ES ’ 33 ES y 23 ES ,
Vi2 =V =0
Stresses from (23) are:
TzzzazF Z.33:E 1-23:_£ (32)
s’ S’ s’
Moz -3

11 ¢ ag F B _F
e (og?) +1T22 foerf 41 S of =%~
TDUJ — El(le + C(T13)= 0 _l_LlJp :%Tﬂ -0
_wz :jﬁ_lﬁzrzz% 23 _ 0(521 E, (v _El(_[32+a_[33):0’
1+(0(£1) (aEl) +1

If we transform equations (32) into a Cartesianrdomte system using the
transformation matrix:

cos(gr2 +a.£3) sin(g‘2 +a.£3) 0
~&sinl2 +a.8?)  feodf?+as) 0],

—Elasin(52+a.53) Elacos(52+a.53) 1

what we get is:
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F : . :
o,= < o.=0,=1,=1,=1, =0, which corresponds to tension-compression.

CONCLUSION

The equations worked out describe the qualitiesamfelastic continuum in a
helical coordinate system. They allow for provismiboundary conditions of a helix
shaped body in a fairly simple manner. Comparisbobdained equations to known
ones in a cylindrical coordinate system indicaked tvhen replacing parameter 0O,
they coincide. Examples solved illustrate the lbdtween displacements, strains and
stresses in a helical coordinate system. The taskains left ajar as per tension-
compression and torsion of a helical body.
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THE INFLUENCE OF RADIATION CROSSLINKING
ON MECHANICAL PROPERTIES OF PLASTICS

The presented article deals by the application as€eadiation cross-linking of plastics,
which follows after the processing (injection maungg extrusion or blow moulding). The
main objective of the presented article is invegtan of influence irradiation dosage on
mechanical properties of materials: PP filled by %5of mineral filler — talc. Mechanical
properties - tensile strength were examined in ddpace on absorbed dose of the beta
rays on various conditions and were compared with-imradiated samples

INTRODUCTION

The cross-linking of plastics is a chemical proc@&savhich particular molecules
of plastics are connected together. In an idea,cbsthe molecules will be integrated
into the above mentioned grid and the process eaachvated by radiation in case of
many plastics.

Cross linking will be initiated by irradiating withigh energy electron beams or
gamma rays. The energy resulting from the irragiats absorbed by the plastic. The
main difference between beta and gamma rays liéisein abilities of penetrating the
irradiated material. Gamma rays have a high petm@tracapacity. The penetration
capacity of electron rays depends on the enerdlyeohccelerated electrons [1].

Radiation of plastics is a way to crosslink thermd &mimprove considerably their
properties. The most important properties of clodsng systems are tensibility and
elasticity, which also remain under long-time tenapgre and mechanical loading.

For cross-linking, no other ingredients are neagsgséth using the radiation and
the main advantage is that the process of crokswinstarts after the process of
injection, extrusion or blow moulding. Radiationoss-linking takes place in room
temperature without additional loading of the produAnother advantage is the
possibility of changing the level of cross-linkimg radiated parts by changing the
radiation parameters. Irradiated products are atibactive [2].

115



MATERIAL AND TREATMENT

For experiments was used material Hostacom CR 28BE330. The choice of
material was made in view application by plastiatpgoroduct for automotive
industry.

Material Hostacom CR 250 F G61330s a material, which is filled by 15 %
mineral filler — talc. Its good mechanical propestigood scratch resistance and can be
processing by different of technology — injectioroutding, blow moulding, or
extrusion. The using find in automotive, electrenie@ngineering and consumer
industries. The manufacturer of the material is@gany Basell Polyolefins.

Tab. 1 Mechanical properties of tested material

Hostacom CR 250 F G61330 Unit Value
Tensile strength MPa 18
Relation elongation % 9
Modulus of elasticity MPa 1900
1ZOD impact test (23°C) kJ/m2 16

The test samples without cross-linking agent weredpced on the injection
moulding machine DEMAG ERGOTECH PRO 25 - 80 ( Hig.and on the injection
moulding machine ARBURG 370 S 800 — 350 (Fig.veye produced test samples,
which were scilicet by cross-linking agent.

It was used injection mould with replaceable moblolards. The processing
conditions during the injection moulding were acliog to the recommendation of the
producers.

- = | .
| ARBURG 3705

ALLROUNDER 800-350

Fig. 1. Injection moulding machine - DEMAG F@&. Injection moulding machine - ARBURG

To prepare of test samples for the irradiation \wwasessary to mix granulate
materials with different cross-linking agent. It svéhe type of cross-linking agent.
TAIC - Tryallyloxy-1 ,3,5-triazine. The manufacturie a company Sigma Aldrich.

For evaluation of tensile properties of plasticsweaade according to EN ISO 527-
1, 2 and was used sample type 1A for testing.

The test samples were controlled after injectiorulsiag process and after the
conditioning time. Tensile test was carried out@msile machine TIRA- test 2300. It
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was tested in 5 samples of each type of matemattandard ambient and after UV
exposure chamber.

The artificial aging test by fluorescent UV lampsre made in the UV chamber
according to EN I1SO 4892-3, exposure time 28 ddy$2ahour cycles for all test
materials. The test samples after removal of U\hdbers were conditioned according
to 1SO 291:2008. Afterwards, was performed tens#igt to detect changes in the
properties of the materials after artificial agiog UV fluorescent lamps according to
above-mentioned methodology.

EXPERIMENTAL RESULTS

The graphic dependence of the measured averagesvaluensile strength of test
samples in a standard ambient and degradation ichdvhber in Fig. 4.

25

21 : Sigl o 5 :
o0 4 19 g 1019 49 1@

15 +

10

Tensile strength [MPa]

0 kG 15 kG 33 kiTy 50 kG
Irradiation dose

m Standard ambient m Degradation of mdtaftar UV radiance

Fig. 3. Comparisons of tensile strength of testatenmals

Relative elongation [%]

0 kGy 15 kiGy 33 kGy 50 kGy
[rradiation dose

m Standard ambiem Degradation of material after UV radiance
Fig. 4. Comparisons of relative elongation of tdsteateriale

The fracture areas of test samples after tensdewere observed on scanning
electron microscope JEOL JSM - 7000F, Japan.
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The fracture areas of test samples of non irradiiated irradiated materials with
different of radiation dose in standard ambiergratiénsile test are in Figs. 5 to 8.
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Fig. 9. The spectrum of the chemical compositibtested material
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The spectrum of the by cross—linked can be seaeasig density of crosslink-
king, a sufficient number of cross-linked areasr &ll test samples there has been a
brittle fracture of testing samples [3].

The spectrum of the chemical composition shownign & confirmed for scanning
images of test samples in standard ambient theepcesof chemical elements. These
were the elements of the polymer - A label, thenelets of filler - B label and the
elements of cross-linking agent (TAIC) - label C.

The fracture areas of test samples of non irradiatel irradiated materials with
different of radiation dose after degradation in thamber after tensile test are in Fig.
10 to Fig. 13 [3].

= e AL S I
10.0kv  X1,000 10zm 10.0kv  X1,000 10um

S 72 g > [ iag v ' ¢ v
10.0kY  X1,000 10pm WD 11.8mm 10.0kY  X1,000 10pm WD 12.7mm

Fig. 12.The fracture area — irradiated 33 kGy Fig. 13The fracture area — irradiated 50 kGy

DISCUSSION

On the basis of the experimental results of medadteésts the following
conclusions could be formulated:

« After tensile test with material Hostacom CR G612%D F G61330 by test
samples in standard ambient was found increasingetecy oftensile strength and
relation elongationWe can state, that the values eidile strength and relation elongation
were influenced by irradiation doseFig. 3.

e The value oftensile strength achievethcreasing tendency by irradiated test
samples in standard ambient against the base aladdout 10%By irradiated test
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samples after degradation in UV chamber were aelighre values of tensile strength
decreasing tendencyhese values were influenced by irradiation dosmiah0 — 15%.

e Irradiated test samples in standard ambient agdinst non irradiated material
progressive tendency oélative elongation. These values were influencgdriadiation
dose about 25 — 50%. Irradiated test samples détgradation in UV chamber hajainst
non irradiated material decreasing tendencyetdtive elongation. These values were
influenced by irradiation dose about 25 — 75%.

The final properties of composites filled with éits depend on many parameters
such as properties of matrix and reinforcementfigaration and consistence of the
surface with a filler matrix. The consistence oftixawith filler has a high influence
on the resulting tension transfer on the reinforeehand also on final mechanical
properties.

CONCLUSIONS

Obtained knowledge in this paper are only parthefgeneral problem of possible
applications of plastics cross-linking.

As the automotive industry using a wide range asfits, it would be suitable to
extend the experiments to other materials and mong of other properties such as:

. bonding — gluing and coating (adhesion improvement)
. the influence on welding property, change of cadour
. thermo-analyses,
. recycling of cross-linked plastics.
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TRIBOLOGICAL PROPERTIES
OF SELECTED CERAMIC COATINGS

The contribution deals with methods of plasma spidageramic materials evaluation.
There were evaluated ceramic coatings A 990gand CpO; + 5% TiO,. Influence of
the interlayer NiCr on the functional properties sgrayed coatings was also studied.
There were determined thickness, microhardness aatigbsion of particular coatings
together with their resistance to abrasive wear #mermal cyclic loading.

INTRODUCTION

One way to improve the functional properties of mae parts is the using of the
protective coatings with improved properties refatio the base material. Therefore,
there is intensive development of new material doatibns that enable new, quali-
tatively higher concept of products. One possipibf coating deposition is thermal
spraying methods. Another utilization of thermatagfing is the renovation of worn
surfaces of the parts, machinery and tools. [6-8},

MATERIALS AND METHODS

The test samples for coatings deposition were mafldow carbon steel
S235JRG1. Surface pre-treatment of test samplesre@aised by abrasive blasting
using brown corundum. Granularity of blasting mediwas characterized by mean
particle size d= 0.75 mm. Blasting medium was accelerated by cesged air, air
pressure was 0.4 MPa.

Microgeometry of the blasted surfaces and applesatiogs was evaluated accor-
ding to STN ISO 4287 by stylus roughness testeft&irSJ — 301, Mitutoyo. For the
thermal spraying of coatings equipment with the gibilization of the arc Sulzer
METCAL 9MCE was used.

Before deposition of all studied types of ceramgtenials interlayer of composite
NiCr (83% Ni +17% Cr, particle size 454%m) by flame spraying using the torch
NPK2 on pretreated substrate was applied. NiCrftsnoused as an interlayer under
refractory materials such as, 8k, ZrOQ, and ZrSiO4. NiCr interlayer provides better
adhesion to the base material, balances the CT&ratdand ceramic layers.
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The materials used to coatings formation:

1) A 99 - corundumod(Al,O; p = 3.97 g.crit, melting point 2040°C, evaporation
temperature of 2980 °C, CTo_gon)= 7.8x10°K™).

2) Chromium oxide GO; (melting point 2265°C, densify = 5.2 g.cm® and the
value of open porosity (OP) of 6.2 %, &5_s00)= 7.2x10°K™).

3) CrO; + 5% TiO, (titanium dioxide:p = 4.22 g.cri¥’, melting point 2125°C,
CTEp0.950) = 7.5x106K'1), the additive of Ti@is used to reduce the coating porosity
and to increase the resistance to abrasive wear.

The quality of the thermal sprayed coatings wasuatad by abrasive wear test [9]
by wading in bulk abrasive agent on laboratory tkstice Di — 1. As abrasive agent
brown corundum (d= 0.75 mm) was used. The parameters of the tesslawn in
Table 1.

Table 1 Abrasive wear test conditions [5]

Abrasive agent corundum grig d 0.75 mm
Abrasive impact angle 75°

Immersion depth of samples into abrasive 60 mm
Wading speed of sample in abrasive 1.74'm.s
Duration of the test 6 hrs

Abrasive wear was determined by gravimetric metbndhe basis of mass loss.
Relative wear resistance is expressed by:

w = Wfr.er &
W;r’.T: pef

where: W, — weight loss of reference materi@], W, ,, — weight loss of the coating
[a], pVg — specific weight of coating [g.cf pe— specific weight of reference material
[9.cm”]

The quality of the coatings was also evaluatedhenbasis of determining their
microhardness in the cross-section according to4506 using M1C 100 device with
a load of 10 grams for base material and 30 gramsdatings.

Applied coatings were evaluated also in conditi@fiscyclic thermal loading.
Heating was performed in a chamber electric furiged®CS-31.

The regime of thermal cycles:

1. Heating the sample at 1000 °C,

2. Remaining in the furnace for 20 minutes,

3. Cooling the samples to the room temperature inwatmling rate = 28°CY.

Resistance to thermal cycles was evaluated onatis bf changes of the adhesion
of coating in the process of thermal cyclic loading

Adhesion of the applied coatings was evaluated dlqgff test according to the
STN EN 582. Test samples and mate was hold togdilieepoxy glue for the
determination of adhesion, see Fig. 1.
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Fig. 1. Test piece arrangement for pull-off testdp 1 — fixture with holder, 2 — test sample, 3 —
coating, 4 — glued bond, 5 — mate

RESULTS

The roughness of the base material pretreatedasyiity was Ra 9.4m, Rz 63.2
pm. The roughness of the interlayer NiCr surface ®Rasl18.2um a Rz 109.1um.
Thickness of the particular coatings before andrdfie abrasive wear test are shown
in Fig. 2. Substantial change in thickness of tbatings after abrasive wear test was
observed in coatings AD; and CpO5;+5%TiO,. The smallest change in thickness was
reached in GO coating. After the addition of TiDto the matrix of GO, the
anticipated improvement in resistance to abrasiearwvas not observed. Relative
abrasive wear resistance for particular coatinghasvn in Fig. 3.
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8 oo — :
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Al203 Cr203 Cr203 + 5% Tio2
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before wear Il after wear €r203 +5 % Ti02 €r203 A%

Fig. 2. Thickness of coatings before and after Fig. 3. Relative resistance of particular coatings
wear [5] to abrasive wear [5]

The highest relative abrasive wear resistance wawed by the coating €D; (v
= 1.02). The stated dependence shows that all tested materials reach around the
same resistance to abrasive wear.

The highest values of microhardness showef{coating (1268 HV0.3), lower
showed his doped modification (1218 HV0.3) and lingest values of the micro-
hardness showed A&D; coating (1062 HV0.3).

Resistance to thermal cycles was evaluated by ahgrlge initial coatings adhe-
sion in the process of the heat cyclic loading. fam where both coated parts
withstood an agreed number of cycles (10), undetrvaeihesion test. The obtained
results are showed in Figs. 4 and 5.
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Fig. 4. Coating adhesion without interlayer Fig. 5. Coating adhesion with interlayer NiCr [5]
NiCr [5]

Effect of interlayers applied was reflected in thaluation of the coatings in the
conditions of cyclic thermal loading. The valuetb&é adhesion after mentioned test
was higher in all evaluated coatings. Only for #1gO; coating in the early stages of
the experiment, the adhesion was higher for coafiitigout the interlayer. However,
after five thermal cycles adhesion of these coatidgcreased and higher levels of
adhesion were reached in coatings with NiCr iny@laCoating on the basis of /&,
without the interlayer withstood up to five therngaicles. Similarly, other evaluated
coatings withstood without breaking the integribyver number of cycles and in the
early stages of the experiment, lower values otauiim could be observed. During the
cyclic loading in coatings applied without the néger NiCr, given the different CTE
value of base material and ceramic coating, local #hen a total subversion and
separation of coating from the base could be oleseiivig. 6.

Fig. 6. Appearance of evaluated coatings aftemthécyclic loading

All studied coatings can be marked as suitablehferpurpose of the heat loading of up to
1000°C using the interlayer to reduce the diffeesnia coefficients of thermal expansion.

CONCLUSION

The addition of TiQ to the CsO; material increases the coating density, but does
not substantially reduce its hardness, which wadirroned by measuring of micro-
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hardness. Despite the stated, this doped materidia conditions of abrasive test
(wading in the abrasive) showed the lowest abrasiar resistance among the tested
materials.

= At evaluating the thickness of the selected cgatin the process of the abrasive
wear test the lowest loss of material thicknessevailown by GOs; Al,O; and CpO3
+ 5% TiO, materials showed higher losses, about the sarae siz

= Microgeometry of the test samples surfaces wakiatead by arithmetical mean
deviation of the profile - Ra. Blasted surface miet conditions for perfect anchoring
of the applied coating, the surface of the appl@drlayer showed approximately
twice the value of roughness. Assuming a perfeaneotion of base material with
interlayer material, the higher roughness provigetser conditions for the creation of
so-called "wedge" connections of the ceramic cgatwth the interlayer material and
increase of the share of the mechanical methoddfaing the coating.

= In the observation of the abrasive wear of setectatings knowledge about
the durability of coatings was gained, on the basiheir mutual comparison. Among
the studies coatings, relatively higher values he# abrasive wear resistance were,
compared to reference material, shown byOgrcoating, the coating on the basis of
Cr,O3+ 5% TiO, showed slightly lower values of the wear resistéanehich is contra-
ry to the assumption of higher density and loweropity of the coating due to the
dopant, but consistent with the measurement ofahamdness of the coatings.

= The highest microhardness values were measurethaterial CyOs;. The
obtained results are consistent with the assumgptod justify the dominance of oxide
ceramics in general as materials suitable for apgtin in the loading conditions,
requiring the hardness of the sprayed coatings. dissumed that the variance of the
individual microhardness values for each studiedtens is caused by the
inhomogenity of the coating ingredients.

= In the evaluation of high temperature fatigueaésted ceramic coatings in the
used mode of thermal cycles it was concluded, that interlayer NiCr has the
appropriate surface microgeometry and allows foleast such an anchoring of the
ceramic coating as the base steel material préetiday blasting. In all three coatings,
using metal interlayers, the increase in theirstasice to thermal shock could be
observed. All studied coatings can be evaluateduitsible for the purpose of the
thermal loading of up to 1000°C using the interfaye reduce differences in
coefficients of thermal expansion.
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HARD SURFACING REPAIRING LAYERS
IN EROSIVE WEAR PROCESS

The contribution deals with evaluation of tribologi properties of two types three-layer
hard surfacing claddings with various structuraldes. There were used samples made
out from S235JRG2 EN10025-94 as reference mat&Mihin the frame of experimental
works there was realised metallographic analysigasuring of hardness and micro-
hardness of claddings before and after erosive Mesdting. Erosive wear was evaluated
by simulation of erosive action. Aim of researclswa determine influence of erosive
particle impact angle and structural compositiorctzéddings on their wear resistance.

INTRODUCTION

Economic reasons of maximal exploitation of matsria mechanical production
are actual topics of scientific research nowad&ysrtage of raw materials in world
market and its more difficult and more expensivecpring raises efforts to increase
products’ lifetime and saving of raw materials artkrgy. Industrial development is
connected mainly with development of material-techhbasis with its technology
and technical modernization and with substantishade in labour productivity.

The most frequent causes of parts and construfditbumes are tribology processes
occurring on functional surfaces. Tribological @dweristics of used materials are of
great importance for correct operation of parts emdstruction nodes. Interaction of
functional surfaces during their mutual motion esuandesirable changes on surface
layers giving birth to wear. In term of materiak$oprevention, the most important
concern should be active surface protection tedgyoin friction nodes. [1-3] Reno-
vation was established as a financially advantag@my of maintenance of machinery
and operating equipment. In the renovation, theee wsed a variety of different
technologies that allow the recovery machine partprolong their life. Welding-on
technology allows not only the restoration of wetnfaces geometry, but gives them
new, often better properties than the original male
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One of the determining factors for erosion weaensity of cladding metals is
their hardness. Hardness of claddings is a funaifaieir chemical composition and
the thermal mode during and after cladding makifigese factors directly affect the
structure of claddings.

The contribution deals with evaluation of tribologii properties of two types
three-layer hard surfacing claddings with variotrsicgural bases. There were used
samples made of S235JRG2 EN10025-94 as referenteiahaWithin the frame of
experimental works there was realised metallog@aphalysis, measuring of hardness
and microhardness of claddings before and aftesiveravear test. Erosive wear was
evaluated by simulation of erosive action. Aim e$earch was to determine influence
of erosive particle impact angle and structural position of claddings on their wear
resistance.

MATERIALS AND METHODS

The test samples with size of 35x20x8 mm were nmadease material - steel
S235JRG1 EN 10025-94. Chemical composition and arechl properties of base
material are shown in Tables 1 and 2. This is conweal carbon steel with 0.17% C
and guaranteed weldability. For cladding makingrehevere used following hard
surfacing welding wires (covered electrodes): E BO§E 6-UM-55-GT DIN 8555)
and E 518 B (E 10-UM-60-CGP DIN 8556jade in VUZ Bratislava. Cladding was
realised by 111 method according to EN ISO 4063MAMmanual metal arc welding)
at welding unit marked WTU 400. Chemical compositiaf these wires meets the
requirements for structural heterogeneity of clagdi Table 3 and 4 shows chemical
composition of used welding wires. To eliminate #féact of mixing of basic and
additional surfacing material claddings were caroet as a three-layer.

Table 1. Chemical composition of the base mat&285JRG1 EN 10025-94 steel [wt.%]

C N S P Fe

0.17% 0.005% 0.03% 0.03% balance

Table 2. Mechanical properties of the base mat8285JRG1 EN 10025-94 steel

Hardness Impact strength Ultimate elongation Tensile strength
HV K [kJ/m?] As [%0] Rn[MPa]
140 > 27 > 26 340 - 470

Table 3. Chemical composition of hard surfacingdive wire E508B [wt.%)]

C

Mn

Si

Cr

Mo

Fe

0.4

0.7

0.4

6

0.6

balance

Table 4. Chemical composition of hard surfacingdivej wire E 518 B [wt.%)]

C

Mn

Si

Cr

Fe

3.5

0.8

0.8

27.5

balance

Used welding parameters are shown in Tables 5 and/éding technology used
required preheating of base material. Preheatimpéeature for E 508 B welding wire
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was 200°C and for E 518 B was 400°C, what is ctaisisvith recommendations of
producer. Preheating temperature was verified egntbchalk.

Table 5. Welding parameters used for welding wifeB B (E 6-UM-55-GT DIN 8555)

Process , Welding Current
Layer EN ISO inli?éng [mgm] position Cl[JX]ent VO[{B?ge Type
4063 ISO 6947 Polarity
1 (the first layer) 111 E 508 B 3.2 PA 95-110 26 DC+
2 (the second layer) 111 E 508 B 3.2 PA 100 - 120 26 DC +
3 (cover layer) 111 E 508 B 3.2 PA 100 - 120 26 DC

Table 6. Welding parameters used for welding witlB B (E 10-UM-60-CGPDIN 8555)

Process , Welding Current
Layer EN ISO inli(rjéng [mgm] position Cl[f]ent VO[{B?ge Type
4063 ISO 6947 Polarity
1 (the first layer) 111 E 518 B 3.2 PA 95-110 26 DC+
2 (the second layer) 111 E518B 3.2 PA 100 - 110 26 DC +
3 (cover layer) 111 E 518 B 3.2 PA 100 - 110 26 DC

The surface of the welds was cut in planar grinednaghine. Erosive wear test was
realised on laboratory mechanical blasting equigrséh 1. Principle of the test con-
sists in high-speed impact of the abrasive blastmggdium on the surface of the
samples. Blasting medium is supplied to the ceotra rotating blasting wheel with
blades using circular conveyor. Blasting mediummgdiigh blasting speed at the exit
of the blades and impinges on surface of test ssnplaced around the blasting
chamber.

Test conditions:

- blasting medium — steel grit@ (STN 42 9823),

- grain size 0.71 mm, hardness 600 - 700 HV,

- blasting wheel speed 7000 iiin

- blasting media velocity ¥ = 70.98 mps

- blasting angles = 30, 45, 75, 907,

- weight loss was evaluated after 25, 50, 100, 800, and 1000 blasting cycles.

Wear intensity was determined using direct methased on weight loss in par-
ticular test phases with measurement accuracy 6fj16lardness course in claddings
cross sections was found by Vickers hardness me#tosheasurement load 30N.
Hardness of particular structural phases was fdaoynshicrohardness measurement HV
0,05 according to 1ISO 4516, measuring unit used NgtDZU — DUH 202.
Metallographic analysis was realised with helpigiit microscope ZEISS NEOPHOT
Il and SEM TESLA BS-3014].

EXPERIMENTAL RESULTS

Hardness measurement of E 508 B claddings showedgrof cladding and base
material. Hardness in melted area of the first dé#pd layer hardly increased and
reached maximal value 550 HV. Hardness in the skateposited layer was in
average 615 HV, and in the third layer about 648. HHardness measurement
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confirmed here theoretical and practical assumptithrat effect of the mixing base
material and cladding metal is lost to the thirgela Similar hardness course showed
also E 518 B claddings, but in the first layer athg was reached hardness value given
by welding wire producer - 660 HV. Measured hardneslues in particular layers
didn't markedly differ and in the third layer reacheven 770 HV. Considering high
content of C and Cr less mixing with base mateoeturred. In term of reached
hardness it is possible to assume higher weartaesss in claddings made of E 518 B.
Average hardness value of reference material wad-1\2

Results of wear tests of reference material andidohgs are shown in Fig. 1, 2 and
3. Graphs present significant dependence of wdmgg on particles impact angle.
Wear intensity of reference material decreased witineasing impact angle of par-
ticles. For E 508 B claddings minimal wear appedrsnpact angles 30° and 45°. At
impact angles 75° and 90° weight loss achieved stitniple value. Minimal wear of E
518 B claddings appeared at impact angle 30°, maxan45°. Comparison of both
cladding types showed substantial difference inacbtngles 90° and 45°. Overall,
however, the claddings 508 E B achieved signifiganigher wear values than welds
E 518 B with the exception of the angle of 45°.
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Fig. 3. Wear of E 518 B cladding

Influence of impact angle of particles on the weaurse of reference material and
tested claddings after 500 cycles are shown in4@nd 5. High wear intensity of re-
ference material at low impact angles of particieth higher hardness is caused by
removal of material in the form of microchiff.
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At higher impact angles surface hardening appeaf®iging effect of impinged
particles. This is reflected by lower values of weavaluated claddings markedly
differ each other by their structural compositidelding wire E 508 B represents
cladding based on medium-alloyed steel with cadmment up to 0.4 %. Structure of
cladding E 508 B is formed by bainite with fine ssgated carbidic phase, Fig. 6. The
structure has a high state of dislocations, whoseement is intensive braked by
dispersive phase. Plastic deformation, theref@aquires high strength for realisation
the movement of dislocations. The highest wear ealior this cladding appears at
impact angle of particles 75°and 90°. At mentioaedles impact energy of particles
is the highest and causes hardening of matrix hatlirsy of carbide particles. Impact
energy of impinged particles at impact angle 30dws and it can load surface only in
terms of elastic deformations. Results of weareafénence material and cladding E
508 B consist with literature references. Soft dadtile materials reach maximal wear
at the impact angles from 10° to 45°, at large ich@ngles less wear appears. For
hard and brittle materials intense erosive weaeaggpat high impact angles. [2,6,7].
Although the hardness of 518 E B cladding is nghiicantly different from E 508 B
cladding, wear course at higher angles is not stersi with the literature data and
suggests the complexity of the wear process. ldvicd that, in addition to hardness the
structure of welds plays also an important rolehenwear process [9, 10].

Fig. 6. Structure of cover layer E508 B g.H. Structure of cover layer E 518 B
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The structure of the E 518 B cladding due to tlghtgarbon content consists of
ledeburite and regarding the high content of choomiprimary and secondary
carbides are found in the structure morphologicedlgregated as both the massive and
dispersion, Fig. 7. Hardness of the matrix and idasbis high, which is reflected in
low values of weight loss at impact angle 90°. Aligh the material is high-strength
(hard), but its supply of plastic deformation isadinthat is brittle. In addition to these
features material shows low strength of the grainngaries. It can be said that the
cohesion strength of boundaries and sub-boundaisggnificantly lower than the
strength of the matrix. Separation of materialtataives impact angles 45° and 75° is
realized by decohesion of particles and separdtjofissile mechanism [5,8,11]. The
result is high levels of wear at tested impact esgbf particles. Mentioned
interpretation is necessary to verify by researtimechanism of claddings wear in
specific conditions.

Since it is an intensive erosive wear with highetio energy of impinging
particles there was also evaluated their influemtesurface hardening intensity after
500 cycles. Results of microhardness measuremenstewed in Fig. 8, 9 and 10.
Maximal surface hardening of evaluated materials aehieved at impact angle 90°,
because at this angle the highest forging effeaimpiinging particles occur. In the
direction from surface to core material microhashesalues decrease. Maximal
surface hardening appeared up to depth of 0.25 elomxhe surface of the material.
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Obtained results basically confirm the assumpti@t hardness is one of the main
factors influencing the wear resistance of the nateWear of reference material is
high order than in claddings. Effect of particlegpact angle on wear intensity of ma-
terials of lower hardness (S235JRG2) is consisteith literature findings. [5]
Maximal wear intensity was achieved at lower impagles, at higher impact angles
prevails forging effect of abrasive.

CONCLUSIONS

In terms of chemical composition and the possipiiit their realization without
special heat treatment claims welding wire E 508piBsents economic type of
claddings. The achieved hardness values indicatetltle optimum properties of clad-
dings appear only in the third layer. For all tdsteaterials and the impact angles of
particles a substantial surface hardening of theenah up to a depth of approximately
0.25 mm was achieved. The highest surface harderahges were achieved at an
angle of 90°. Examined claddings showed a sigmficdependence on the impact
angle of the abrasive patrticles in given erosivangonditions. Intensity of wear of E
508 B claddings and the reference material, depgnoin the particle impact angle is
consistent with the literary knowledge. In E 51&IBdding reached results of wear at
high impact angles are in contrast with literatulsa. Different wear values of
claddings that don’t significantly differ in hardgsserelate to their different structural
building. Comparison of evaluated claddings shosigdificantly higher wear values
of E 508 B cladding than in E 518 B cladding witke texception of the angle of 45°.
Hardness of the material is crucial factors in weasistance, which resulted in
different wear values for reference material aratidings. There was confirmed the
significant influence of the impact angle on abrasvear.

Resistance to erosion wear in addition to the hesslisignificantly depends on the
type, distribution and mutual linking of structu@@mponents. The structure of ma-
terials is another factor that significantly affetteir tribological properties [12].
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THE QUALITY ANALYZE OF MIG SOLDERING ZINC-
COATED STEEL SHEETS BY DESTRUCTIVE TESTING

In the paper results of metallographic analysegoofts made by MIG brazing on high
strength galvanized steel sheets of H 340LAD #\Z1B292are presented. The quality
of brazed joints made by SG CuAl8 braze with flatodg welding rectifier CLOOS 303
MC4 was evaluated. Argon 4,80 was used as gasédeld.sSoldering joints quality was
evaluated by destructive testing. The bearing cipaaints were evaluated by STN EN
ISO 895 and STN EN 1321. Macrostructure and mioucsire analyze of joints were
realized too.

INTRODUCTION

Automotive manufacture is the most dynamic develgdoranch of engineering
industry. In world markets only those concerns aahieve successes which are able
to flexibly react to the needs of customers, dyrmaifly innovate manufacturing, and
implement productive technologies into manufacgiriBemands on product quality
are more and more strict. The need of process @atiion of welding, soldering and
adhesive bonding arises from the reason of apmitatarious qualities of iron and
non-iron materials, their combinations for the ms® of weight reduction of
automobile body parts. Along with conventional noeth of welding which are
resistance point welding and shielded arc weldimgpanufacture also unconventional
methods find their application which are laser wej¢d brazing in shielding gas [1, 2,
3].

Surface-modified steel sheets are used in car pooguction. Surface modifica-
tion is made by hot-dip zinc galvanizing. Both tgpaf Zn coating cause problems
mainly in fusing methods of welding when by thelushce of high temperatures
comes to the failure of coating continuity in tleenj place that decrease the corrosion
resistance in joint place [4, 6, 9].

The paper deals with analyzing of the joint quatitgde by method GMAB — (Gas
Metal Arc Brazing) method.

MATERIAL AND TREATMENT

Micro alloyed sheets H 340LAD + Z EN 10292 weredusar the experiments. It
is high-strength micro alloyed deep-drawing steghverrite-pearlite structure. The
sheet surface modification is realised by hot-dipc zoating. The thickness of Zn
coating is 12 um. Chemical composition of testezksis shown in Table 1.
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Table 1. Chemical composition in % wt. and mecharpcoperties of steel H 340LAD + Z EN 10292
Material C | Mn| Si Ti Al Nb P S R Rpo,2 Ago
EN 10292 | [9] | [%] | [%] | [%] | [%] |[%] | [%] (%] [MPa] | [MPa] | [%]
H 340LAD+Z | 0,1| 0,8| 0,4 0,0$ 0,011 0,06<0,0025| <0,0025| 410-510 340-420=21

Chemical consistence of used soldering metal typesl their strength
characteristics are in Table 2. Soldering metalé 884 from UTP productions were
used.

Table 2. Chemical composition and mechanical ptagseof solders [5]

Material | Cu | Mn | Al Rn Reo2 | As | KU | Melting temperature
DIN1733 | [%] | [%] | [%] | [MPa] | [MPa] | [%] | [J] [°C]
SG CuAlI8| 92,0| 0,2 | 7,8| 380 180 40 70 950 - 1080

The methodology of joint quality valuation

The samples with parameters 1000 mm x 200 mm werwith table shears from
the sheets of 1 mm thickness with dimensions oD@t x 2000 mm.

Before brazing, joint places of the sheets wereralsgd with concentrated
CH,COCH; from the reason of prevention of negative influen€e¢he emulsions on
the process and the quality of brazing joints. $teel sheet brazing was realised in the
laboratory of welding and defectoscopy at the Depant of Technology and
Materials on programmable fluctuating welder maeh@LOOS 303 MC4 equipped
with four-trolley regulating mechanism in Ar 4.88ialding gas. The parameters of
brazing are in Table 3.

Table 3. Used brazing parameter

Brazin Voltage
Thickness of | Type of | Wire Diameter of g J
; Impulse | Current Inert Gas
Brazing Sheets Braze Braze
[Al V]
1,0 +1,0 CuAl8 1,0 mm Yes 80 16 - 18 Argon 4,80

During brazing the slope of lap sheet constitutiees used from the reason of
better gas venting and Zn vapours from the placaroh burning on the basis of
recommened literature, Fig. 1[4, 9, 10].

5°F—=-===-E
13

Fig. 1. Used grade angle of brazed sheets

The process of brazing was realized from left ¢ntriin the position PB according
to STN EN ISO 6947. The lenght of brazing arch .Bxlbraze diameter. The wire
braze unloading from burner was 10 mm. The flowaseous shield was 14 l.rilin
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Carrying capacity of braze joint was evaluated tafis tensile test according to
STN EN 895. This experiment is used for determamatf maximal carrying capacity
of brazied joints in tensile stress. The experimeas made on experimental machine
for determination of metal strength TIRA test 23(producer VEB TIW Rauenstein
with measuring scope from 0.08 kN to 100 kN. Theespof loading was 10 m/s.
Experimental samples were of 100x20 mm dimensidhsty samples were used for
the experiment.

Macro and microstructural analysis of the brazentjguality was evaluated
according to STN EN 1321 standard on metallograghscratch patterns with using
optical lighting microscope Olympus CX-31. For \afimation of microstructures of
basic material the corrosive NITAL (HNDin concentration 3% and for visualization
of microstructure of braze Cugthe solution peroxysulphate ammonium (10 g peroxy-
sulphate ammonium + 100 émestilated water) was used.

The analysis of achieved results

The average values of carrying capacities of bjags observed with static
tensile test are presented in Table 4. The sanafles destruction are documented in
Fig. 2. The sample held in the jaws of experimentathine TiraTest 2300 is presen-
ted on the Fig. 3.

Fig. 2. The samples with mark F .BgThe sample F2 during
after destruction the experiment

Table 4. The average values of carrying capadifi¢ise braze joint

Max. force Max. strengt

Series of samples Fu[N] | Rm[MPa

A 5808 7394,86
B 5877 7483,10
C 5631 7171,83
D 5442 6929,99
E 5762 7336,50

F 5371 6838,13

Total average value of carrying capaq 5648,5 N| 7192,4 MPa
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Destruction out of the braze joint in all experirt@drsamples was observed, i.e. in
the base material that presents great carryingctgpzt the joint or braze adhesion to
basic material.

The results of macroscopic and microscopic analysis

Great wettability and diffluence on metallographicscratch patterns were
observed, that is also documented in Figure 4 @nBoth connected sheet were
covered by braze in the joint place without casitieespectively cracks. On evaluated
cuts no existence of pores or cavities in the metslI8 was recorded when observing
macro and microstructures with help of lighting mescopic what is in line with
statement [2, 10] that this braze type has lowedeacy for the creation of pores in
a braze when comparing to the braze type CuSi3

Fig. 5. Macrostructure of brazed joint of the saeripb

The width of braze joint and also the incline dego¢ braze pass response to the
used parameters of braze stream and braze dianiéibraze speed influences the
pass height in a marked way. The robot workplacexdnnecting of car body parts
are used for GMAB. Evaluated samples were brazeithdoyrand conduct of burner in
laboratory conditions.

Microstructure analysis (Figs. 6, 7) confirmed tjreat quality of joints. In the
joint places, the existence of any pores or cayvitias recorded which would have
a negative effect on the joint quality.

The microstructure of heat non-influenced basicemaltH 340LAD + Z is presen-
ted in Fig. 8. It is fine-grained feritic-peartitstructure. Steel is regulated Al and Ti.
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Fig. 6. Microstructure of joint of sample C6 Fig. 7. Transition from base material to braze of
sample A6

Fig. 8. Microstructure of base material Fig. 9. Microstructure of braze C8AI

In Fig. 9 is the microstructure of CuAl8 braze. Tsteucture of alloy is dendrite
and it is possible to observe Al in form of lighgiacicular forms.

CONCLUSION

The braze joints quality of zinc-coated sheets LD + Z joined with MIG
braze with CuAI8 braze in shielding gas Ar 4.80 weasluated with the destructive
tests. The braze current of 80A was used for etialuaf sheet thickness. On the base
of the analyses it is possible to state that ussmdrpeters of braze are suitable for
brazing and guarantee the great joint quality. 8kerage carrying capacity,F=
5648,5N of the joint was measured with tensile. tBststruction in the base material
was observed in all tested materials. Macroscomoal microscopical analysis also
confirmed suitable joint quality. No cavities, psm@ cracks occurred in joints.

The CuAlI8 braze has two times higher electric catiglity and higher strength in
comparison to CuSi3 braze. It is suitable mainlyldazing of zinc-coated dual-phase
steels [8, 11, 12].

The influence of used shielded gas for MIG brazmgst be considered in
optimization of pulse brazing parameters. On thsebaf studied literature and the
results of experiments it is possible to state thated gases are suitable for MIG
brazing. Pure Ar gas during experiments causedptieition of adjacent areas of
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braze by combustion product. By the reason of brohing stabilization it is suitable
to use blending gas Ar +,@r Ar + CQ. By the stabilization of arch, the pollution of
the joint place by the influence of the braze w# decreased, burning performance
will be increased, the braze fluidity will be inased what will improve the wettability
and diffluence [7, 8, 9].

Contribution was elaborated within the solving ginant project VEGANe. 1/0206/08.
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THE INVESTIGATION OF THERMAL CONDUCTIVITY
OF LOW-ALLOYED HIGH SPEED STEELS

In the presented work the effective thermal condiiigtof three alloyed high speed
steels: SW3S2, SW7M and SW2M5 were compared. Enmalhconductivity was
received from the simple experiment in which thengle of phase metrology-matter was
applied. As the metrology-matter gallium was ugde value of the thermal conductivity
for high speed steels was compared with date ehseiliterature.

INTRODUCTION

Cutting tools made of high-speed steels still mageabout 50 % of the general
number of tools [1]. High speed steels which haeerbused for about a hundred
years, are less frequently used in manufacturintgingutools (particularly for a high
cutting speed) whereas their use in manufacturingtsiral elements, forming tools,
and for plastic product forms has increased.

The chip formation process in machining is accongzhrby heat generation,
which influences the mechanical and physical prisgeof both the workpiece and the
cutting tool. The cutting energy is dissipated asathin the cutting zone. The
temperature distribution during the process is &blstand decisive effect on waste of
tool. The temperature field measured into cuttow also as well as knowledge of the
thermal conductivity of tools material permit tofide heat flux . This heat flux
permits on optimization of tool quality and of &dkchnological process too. The diffi-
cult of regard of effect of the alloy addition altechnology of production of steel
cause, that literature given of the thermal condiigtof steel have approximate
character. Begun into the work [4], and [6] thernmaéasurements were used of
qualification the thermal conductivity for the tkrdow-alloy high-speed steels:
SW7M, SW3S2 and SW2M5 and presented. At preseperpthe results of the
effective thermal conductivity of three alloyed higpeed steels: SW3S2, SW7M and
SW2M5 were compared with given of literature therthal conductivity of three
alloyed high speed steels: P12, P18 and 3X&2B&out the close chemical compo-
sition.

Chemical constitution of low-alloy high speed stesl

Three the thermal conductivity samples for steel2&, SW3S2 and SW7M,
which chemical composition shown (Tab.1) and ofrditer is equal to 6 mm, were
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selected as being very typical material used inpghaguction of cutting tools. The
measurement of thermal conductivity in materialthwiery high conductivity, such as
metals and their alloys, requires special measugaignics. The measurement thermal
conductivity are used the quasi-stationary methmodre shown [5]. Measurement of
thermal conductivity quasi-stationary method iscpsed for the Department of
Thermodynamics at Technical University of Rzeszdhis method has application in
measurement of thermal conductivity of good conoltsct

Table 1. Chemical composition of low-alloy high edesteels

Steel Chemical constitution in % Ref
ef.
grade C W Mo Cr \Y} Si SW%+Mo%
SW2M5 i
(Poland) 0,9-1,0 1,5-2,0 4,5 55 - - 9,5 [2]
SW352 1,1-1,2 3,1-34 | 1,1-1,2 4,3-4,7 16-118 1,3-2,3 52 | [2]
(Poland)
SW7M _
0,8-0,88| 5,5-6,5| 5,0-5,p 3,8-44 | 1,7-2,1 13 [2]
(Poland)
P12
. 0,8-0,9 | 12,0-13,g =1,0 3,1-3,6 1,5-1,9 14 [3]
(Russia
P18
. 0,7-0,8 17-18 <1,0 3,8-4,4 1,0-1,4 19 [3]
(Russia)
3XZB8.CD 0,3-0,4 7,5-8,5 2,20-2,70 0,2-0,50 0,15-0,4 3]
(Russia)

EXPERIMENTAL DETAILS

The thermal conductivity was received from the demgxperiment in which the
change of phase metrology-matter was applied [S]th#% metrology-matter gallium
and tin were used. The change of phase process p&y of the heat source. During
the change of phase period the temperature is aunatquasi-stationary temperature
fields which allows to use the stationary modelhafat transfer calculations. The
model is a cylindrical spine of finite length arabking heat out one face to melting-
substance and by radiation from surface, respégtivdl process measurement was
carried out in vacuum.

The mean thermal conductivitdywas calculated from the equation:

Tw—To - _ QI
T -7 ch(m(l) (. —T.) AT GinCeh(miL) +tgh(m(L) [sh(im[L) (2)

(o]

where: w subscript stands for temperature of the hot endhef sample|- for
temperature of the cool end of the sample for temperature of sides of vessel
vacuum,L is length of sampleQ is the heat power of the cooler as the sum of heat

power of fusion of melting-substance and heat polest from the surface of the
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cooler by radiation, thé is metrology cross section of the samyileis a circuit of
sample A is the mean thermal conductivity of the sample,

a, [O
= r 2
m ACA ()

and the mean heat transfer coefficient by radiation

) (Ty —TO)(lcifg( 1_ 1}] KngJ _(12)0)4} )

&

a. =

r

&

whered, D are diameter of sample and vessels vacuum regelgte;, & are the
effective emissivity of the sample and of the vaouessels respectively, the mean
temperature of the sample is

T :TW+Tk

= ©)

The temperaturd,, and Ty of the sample, during measurement of the thermal
conductivity, defined from three points measuriagpointed fromr; to T;, (see Fig.
1), by use of thermocouples chromel-alumel andiycatly extrapolate.

Vacuum chambel

Cooler with

metrology-matter’

Electrical
heater , T
; T A
rn
Spec .
pecimen i
Ql
TS Ty

Fig. 1. Schematic cross-section of the experimesgtlp for thermal conductivity measurements by
the quasi-stationary method

RESULTS AND DISCUSSION

Results of calculations of the thermal conductifigm (1) and measurements.of
are estimated with function lineat:= 16,66+0,0158;,,- for steel SW2M541 = 18,67-
0,01303;,-for steel SW3S2 andd = 13,32+0,00798,-for steel SW7M for
temperatures changing from 8D to 450C. Results of calculations of the thermal
conductivity from function linear are given in Tal# and show in Fig. 3.
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Table 2. Thermal conductivity of low-alloy high sukesteels

Steel A, [WI/(m-K)]
grade | 27°C | 127°C | 227°C | 327°C | 427°C | 527°C
SW2M5 18,7 20,3 21,8 23,4
SW3S2 17,0 15,7 14,4 13,1
SW7M 14,3 15,1 15,9 16,7
P12 15,5 16,6 19,1 22 25,6 3]
P18 21,5 25,6 26,2 26,2 25,9 25,8 [3]
3X2B8D 28,5 257 | [3
32
| 3X2B8D)
. 28 (P18 ) \%
= \— S
E — L~ L - AN
S = -~ AN
o — v
;5 " e SW2M5
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5 n / 7
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Fig. 2. Thermal conductivity of low-alloy high spksteels

Counted the thermal conductivity for steel SW3S2 measured range of
temperatures is decreasing the same us for the3@88®d. Both the steel SW3S2
and steel 3X2B® contain a silicon (see Tab.1l), which may be theseaof the
decrease in their thermal conductivity.
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COMPARISON OF RAPESEED ETHYL AND METHYL
ESTERS UTILIZATION INFLUENCE ON ENGINE
ENERGETIC PARAMETERS

Use of plant oil methyl esters as a fuel for dies®ines is popular practice however it is
also possible to utilize ethyl esters. In this papesults of research concerning
utilization of methyl esters (FAME) and ethyl estéFAEE) of rape oil for powering
diesel engine were presented. Results enabled catiy@analysis of effects of powering
diesel engines with these fuels. Research was lmstaking, for each of the investigated
fuels, measurements which enabled elaboration tf dacessary for drawing external
characteristics, on basis of which effect of estail&zation on energetic parameters was
evaluated. Research was carried out on, installediynamometric stand, 2CA90 engine.
Results of the research did not prove determinimftuénce of utilized ester type on
engine energetic parameters.

INTRODUCTION

Produced in process of transesterification, higlatty esters of plant oils are
commonly used for powering diesel engines. Theylmmsed as a separate type of
fuel parallel to diesel fuel (DF) or as a mixture esters and mineral diesel fuel
containing specified amount of esters [2, 6, 12].

Most commonly used, in process of transesterificgtis methyl alcohol. It has
numerous advantages among which its low price,ltregumainly from cost of its
production, is most often noticed one. Ethyl aldotem be considered an alternative
for methyl alcohol. Its production is based on gsxcof fermentation and, in contrary
to methanol, which is currently obtained throughmtkesis, it can be considered
renewable material. However, its utilisation isitied. It results from price of ethanol,
and, required in process of transesterificationessity of its deep dehydration.

Having similar qualities, methyl (FAME) and ethy#AEE) esters, both have
properties predisposing them to being utilizeduses for diesel engines.

Moreover, ethyl esters have slightly higher, thagthyl esters, caloric value for
they contain one more carbon atom in their partidhgoducts of incomplete
combustion of ethyl esters do not contain formaydiels, which are formed during
combustion of methyl esters. Additionally, ethytezs characterize with lower than
methyl esters solidification point, what influendesy temperature properties of fuel
[5, 12]. Absence of this fuel on EU list of biocoomznts and lack of formal-legal
regulations inhibits development of investment.
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Goal of presented research is comparison of efigctased as fuel for powering
diesel engines, methyl and ethyl esters of high#y facids on work parameters of
2CA90 diesel engine.

MATERIAL AND TREATMENT

Object of this experimental research were rapeseethyl (FAME) and ethyl
(FAEE) fatty acids esters and, for comparison psego conventional diesel fuel.
Rapeseed oil fatty acids methyl ester was obtafireed factory installation. Rapeseed
oil fatty acids ethyl ester was obtained from ekpental installation.

Requirements and results of diesel fuel and estergples analyses were presented
in Table 1.

Table 1. Properties of diesel fuel, methyl and kedisyers and their reference to PN EN 590:2006 norm

Rel;quwements Marked Marked Marked

. y norm

Property Unit PN-EN value to value to value to
590:2006 DF FAEE FAME

Cetane number — min. 51,0 53,1 - 51

Cetane index — min. 46,0 54,0 n.d. n.d.

Density at 15°C kg - m 820-845 835 873 881

Viscosity at 40 °C mMm- s* 2,0-4,5 2,8 4,16 4,42

Distillation recovered at 250 °C 2/0 Obl.' max 65 33

Distillation recovered at 350 °C % ObJ- min. 85 95 n.d. n.d.

95%(V/V) recovered at C max 360 350

Flash point °C min. 55 61 60 130

Sulphur content mg - kg max50 9,6 n.d. 1,9

Polycyclic aromatic % m/m max 11 2,1 n.d. n.d.

hydrocarbons 0

Lubricity, corrected wear scar n.d

diameter (wsd 1,4) at 60 °C wm max 460 351 n.d.

Oxidation Stability g-m max 25 6,0 n.d. n.d.

Ash content % m/m max 0,01 0,001 - -

Copper strip corrosion (3 hours _.. - 1

at 50°C) rating Class 1 1

i o)

C_ar_bo_n reS|dqe (on 10% % m/m max 0.30 0.01 n.d. 0,04

distillaiton residue)

Water content mg - K max 200 65 80 148

Total contamination mg - ki max 24 11 8 16

The marking of energetic parameters was perfornmedhé test bench of the
research laboratory in the Department of Power iaeging and Vehicles of the

Agricultural University of Lublin. The test benancluded following apparatuses:
» diesel engine 2CA90;
» electro whirl brake AMX 210;
» control and measurement system AMX 201, AMX 211;
» fuel consumption measurement system;

e surroundings measurement system: surroundings tadope tot,
atmospheric pressure and air humidity

Fig. 1. presents a diagram of the test bench aantathe particular apparatuses.
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Fig. 1. Test bench diagram: 1 — 2CA90 engine, Bgine control, 3 — AMX 210 electro whirl brake,
4 — tensometer, 5 — fuel tank, 6 — scales for meagiuel consumption, 7 — oil temperature sen8or,
— engine speed sensor, 9 — control measuremerit pane

Investigation of energetic parameters was baseskbof measurements conducted
for each of investigated fuels with regard to PNnmowhich enabled elaboration of
data essential for determining external charadiesisvith engine’s rotation speed
ranging from minimal to nominal. In this researdiidwing kinematic and dynamic
parameters of engine: torque — Mo, rotation spegdime in which set amount of fuel
was used -=. Amount of fuel used in determination of this paeter was 50 g.
Methodology of measurements and methods of torauk power reductions were
conformed to following norms: PN-78/S-02005, PNSB82005, BN-79/1374-03 and
BN-74/1340-12.

Statistical analysis of research results embracesessment of variation of
energetic parameters, significance analysis ofedifices between value of these
parameters and determination, based on curvilinegression method, of function
dependencies. Analysis of biocomponent additiofuémfce on energetic parameters
was conducted by means of univariate variance aisa)ANOVA), and estimation of
differences significance between investigated fumtsl diesel fuel by means of
Tukey’s least significant difference (LSD) with sificance leveb = 0.05.

RESEARCH RESULTS AND THEIR ANALYSIS

Influence of fuel type on energetic parameters eaduated relying on external
characteristics prepared during powering enginé wrepared prior to investigation
fuels. Changes were compared to characteristicsaped for diesel fuel powered
engine. Results of FAME and FAEE influence on eagemergetic parameters were
presented in Figure 2.

Analysis of, presented in Fig. 2, torque curvesvpsothat utilization of esters as
fuel, when compared to diesel fuel, causes chamfgengine energetic parameters.
Reduction of torque value, decrease of power aackase of specific and hourly fuel
consumption are noticeable. Also, character of @simourse is slightly different than
characteristics elaborated for diesel fuel.
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Fig. 2. Comparison characteristic of 2CA90 engiowgred with diesel fuel ters. showed that

and rapeseed oil methyl and ethyl esters changes of power,

specific and hourly
fuel consumption for fuel mixtures containing esdeldition significantly differ from
ones observed for DF (significance level 0,05).

Regression models for torque, power, specific aodrlig fuel consumption for
particular fuels, were described with equationsspnéed in Table 2. In this table,
coefficients of determination R2 were also presgnte

Analysing diagrams presented in Figure 3, it castheed that type of ester used in
mixture does not have significant effect on obtdirenergetic parameters of the
engine. Maximal torque recorded for FAME was 0,5 Nigher. Type of ester used in
mixture does not have significant effect on obtdimaaximal power, what was
presented in Fig. 3b. Higher values of torque webserved for FAME based
mixtures, with the highest observed difference @f KW. Analysis of mean hourly
fuel consumption, Fig. 4c, shows that the highestsamption was noted for ethyl
esters - with difference up to 0,1 kg ¥.1Similarly, higher specific fuel consumption
was observed for mixtures based on ethyl estetsdifterence reaching 5 g « (kwWh)
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Fig. 3. Relative changes of engine maximal torgoasimal power, minimal fuel consumption, mean
hourly fuel consumption of 2CA90 engine powerechwitethyl and ethyl ester.

Table 2. Regression equations for variables caledleelying on research results

Dependent . . Coefficient of
variable Fuel Regression equations d ination R
y etermination
ON = —0,000006¥ + 0,0253n + 20,848 0,9931
Mo[Nm] | FAME y = — 0,000001 + 0,05081 — 15,862 0,9752
FAEE y = —0,000001 + 0,05231 — 17,763 0,9474
ON y=5-10n% + 2.10°-n’ + 0,003636 — 1,036471 0,9643
Ne [kW] FAME y=-1.10"n’ + 4.10°n° + 0,0006n — 1,036471 0,9983
FAEE y=1-10n° + 4-10°n" + 0,0016n — 2,4606 0,9977
gelg - ON | y=7-10n’+8,1-10:n° - 0,257178 + 465,911 0,7282
(kW) FAME y = 0,0001n” — 0,489 + 842,7 0,9755
FAEE y = 0,0001r” — 0,542% + 903,88 0,9361
ON y = 0,0009 + 0,360898 0,9675
Gplkg - h']| FAME y =0,0011n + 0,2377 0,9939
FAEE y = 0,001 + 0,1658 0,9892
a) b) d)
Mo [Nm] Ne [kW] ge[g - (kWh)']
41,8 11,8 2867
416 11,6 284
41,4 ———— 11,4 282
el 12
40,8 10,8— ——— 278_
40,61 10,6/ 276
40,4 10,4 274
40,2 10,2 272 — OFAME
40,0 10,01 270 W FAEE

Fig. 4. Comparison analysis of FAME and FAEE infloe on: a) maximal torque, b) maximal power,
c)mean hourly fuel consumption, d) minimal spedifiel consumption of 2CA90 engine
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CONCLUSIONS

1. Esters of higher fatty acids of plant oils charasee with different physico-
chemical properties than conventional diesel flielhas an effect on process of
supplying and injection of fuel, and therefore,dtsmbustion [1], and directly results
in changes of energetic effects of engine poweréd such fuels.

2. Utilization of methyl and ethyl esters of rapeseil fatty acids, for powering
diesel engines, causes change, when compared &ripgwvith diesel fuel, of engine
work energetic parameters Analysis of results séaech conducted on 2CA90 engine
justifies statement that: addition of FAME and FAE#o DF significantly affected
change of the engine effective power, maximal tergnd led to increase of hourly
and unitary fuel consumption.

3. Research did not prove determining effect ofrefsfpe used in mixture with DF
on engine energetic parameters.

4. Lack of legal regulations concerning qualityetiiyl esters may cause problems
related to possibility of wider scale introductiohthis fuel.
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THE CARBON LAYERS FOR BIO-TRIBOLOGICAL
APLICATIONS

One of alternatives for improving the wear resisgrand corrosion of biomaterials is
the application of protective coatings. DLC coasngre one of the most attractive
proposal of the last years for biomedical applioas. The aim of this contribution is to
compare the mechanical properties for CoCr materiaurfaces deposited with DLC
coatings under different deposition parameters. CDdoatings were deposited by PVD
method (physical vapor deposition) on CrCo allopsttate used for bioimplants.

INTRODUCTION

Mechanical load which presents in orthopedic im@acan affect drastically the
properties of implants materials. Damage of thesderals usually occurs due to
contact and is connected with abrasion, adhesrettjrfg, delamination, pitting and
fatigue. Damage depends on friction, lubricatiamtact area, surface finish and level
of loads (stresses). For these materials are imporhainly the physical properties:
yield strength, toughness and contact fatigue.gbatiwear occurs when the fatigue
limit of a material is exceeded or when subsurfsloear stresses and contact stresses
lead to subsurface crack growth. This leads tondelation and pitting (larger debris
than generated through adhesive/abrasive mechgnishe most of materials applied
in medicine are composed of basic material (sutedtr@nd coating. Diamond-like
carbon (DLC) coatings cover a wide range of différtgpes of carbon-based coatings,
which generally have properties such as low fricémd high wear resistance [1]. Also
many applications of a-C films are permanent adtabio-tribological applications.

In order to use DLC coatings reliably in differayplications, it is important to
understand the mechanical and tribological behavafuthe coatings in different
operating conditions. This has been studied intehgiby many scientists during the
last few years. The friction and wear performanicarorphous carbon (a-C) coatings
greatly depends on the deposition method and thesitéon parameters used as well
as the test environment [2, 3]. As a general tran@;H films can provide low friction
performance in sliding conditions [4—6].

The aim of this work is to study mechanical projsrtof a-DLC coatings
deposited by PVD cathodic arc method on CoCr satestrsed on artificial joints and
to compare the mechanical properties under diftadepositions parameters.
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DEPOSITION PROCESS

The DLCs were deposited by low arc discharge vacagmpment in a UVNIPA-
1-001 vacuum system with three sources (gas iomceoior cleaning, electric arc
source for non-magnetic metal sputtering and palse carbon source). Samples
entering were sputtered in one vacuum cycle. Alsolbstrates were cleaned for 10
min with Ar ions. DLC layer was deposited at downl160°C temperature. Nitrogen
and Ar gasses were added during the DLC depositimna working chamber [7, 9].
The coatings were produced on a highly polishelGlaCr materials substrate, R
0.05 um. One fine polished face of every CoCr sabst was coated by a-C film. The
hardness were determined from dept sensing indemsa{DSI) of curves measured
Nano TEST NT600. Type LabRam Scanning electron asmrpe (SEM) LEO 1550
was used to study the microtopography of DLC layers

EVALUATION OF NANOINDENTATION

The hardness H, elastic moduluss Eand mechanical characteristics were
determined from depth sensing indentations (DStyesi measured by the NanoTest
NT600 apparatus (Fig. 1) at different maximal lo&dsn 5 to 200 mN with diamond
Berkovich tip [8]. The indentation cycle was remehfive times in slightly different
places for each maxima load. The samples were iadext the different maximal load
5, 10, 20, 50 and 100 mN [10]. Records DSI curvesrest to determination of
maximal penetration depth,f, at maximal loading force &, Values of H 3/ Eo
for type of films marked U Il and U Il are almasitmilar. The lowest value |Ir?/Eeﬁ2
was observed for coating marked U IV what can beeoted with lower content of N
[7, 9] - (Fig. 2, 3).

Fig. 1. View and measuring node of apparatusidenter, 2-samples, 3-pendulum, 4-capacitoeg|d-
sample holder (x-y-z directions of moving), 6-mggope
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Fig. 2. Dependencebn different load Fig. 3. Dependence pf/H.* on different load
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TRIBOLOGICAL TESTS ON LARGE 3D SUBSTRATES

Due to specific shape of knee joint the standardrweethods (pin-on-disk, ring-
on-disk, and etc.) are not suitable, because mot the stylization of functional
geometry. Methodics of non-standard test is sedeftieprevailing conditions of wear
process and respects the functional geometry df faiat, conditions of non-standard
test equal the condition of so-called ,locked kriggl. This non-standard method
represents the test method with contact area Impkate. Test conditions are
characterized by linear distribution of load. Geamef 3D shaped sample is similar
to geometry of total knee implant. From the viewigler full load on the contact line
30-40 mm the min. load 750 N is acting (1 BW-Bodgight) but also 2000 N (2,5
BW). Load is in the range from minimum 20 N/mm teximum 65 N/mm. Shaped
samples were with width 15 mm and loaded undemabforce 340 N. (load is equal
22,6 N/mm). All experiments were carried out on imiam limit of realistic loading.
Parameters of the test are shown in Tab. 1.

Tab. 1. Parameters of non-standard test

Path 18 Mm
Frequence of movement 1,43 Hz
Lubricant HO+0,9 g/l NaCl
Normal loading force 343 N
Time of 1 cycle 0,70 S
Middle-sized speed 51,6 mm/9
Temperature 25 °C

10
Enegy i)

Fig. 6. EDX analysis of DLC coating from microcragi

DISCUSSION

From mechanical and tribological properties obtdifeom standard test the
following conclusions can be made:
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The lowest value HY/E. was observed for coating marked IV what can be
connected with lower content of N,

The highest value if/E.* was obtained for coating U Il [with Ar 80 sccm
and N 60 sccm].

Tribological properties obtained from non-standiast the following conclusions
can be made:

Morphology of DLC surface contains microcrack (Figs5) what can be con-
nected with high internal stress, EDX analysisiig. 6,

These microparticles from microcrack were transi@ron UHMWPE and
created contact stresses whereby the crack spiadisr,

Design of tested samples affects stress statesfalude for coating. High
hardness, in turn, causes high internal stresses@stresses can contribute to
microcrack of coating and creation debris than gmee through adhesi-
velabrasive mechanisms. Together with transfer effrid from coating on
UHMWPE is produced a damage score.

CONCLUSION

Characteristics like hardness H, elastic modulusevabtained from indentation
loop and were investigated in range of film depbiby low arc discharge vacuum
equipment UVNIPA-1-001.

The presented work shows that conditions for wead debris formation are
connected with conditions of deposition paramet®tsre investigations are needed
for obtaining excellent behaviour of DLC coatingridg depositions on 3D shaped
surfaces.
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