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1. Uvod

Teniferovanim sa nazyva proces nitridacie pri 570 °C
v prevzdusnovanych  kyanid-kyanatanovych  kupeloch
v titanovom kelimku. Podl'a tvrdenia autorov tohto patentova-
ného procesu' a radu inych publikécii, citovanych v, umoz-
fiuje zvysit' rychlost’ rastu hrubky povrchovej zluceninovej
vrstvy e-fazy 2,5 az 3krat, ako aj difiznej vrstvy o-fazy pod
flou v porovnani s nasycovanim v neprevzdusinovanych kape-
Toch, resp. v plynoch. Vytvorena vrstva e-fazy zaistuje vyso-
ki odolnost’ povrchu proti adhezivnemu opotrebeniu. Vrstva
o-fazy zvySuje odolnost’ proti inavovému namahaniu.

Pri klasickom procese nitridacie v kyanid-kyanatanovych
kapel'och ich aktivna zlozka — kyanatan vznika neregulovane
oxidéciou povrchu kuperla pri styku so vzduchom v priebehu
prevadzky:

2 KCN + 0, — 2 KCNO

KCN + CO, — KCNO + CO

Kyanatan adsorbovany povrchom vsadzky termicky
disociuje za vzniku aktivnych atomov dusika a uhlika, ktoré
moézu byt povrchom absorbované:

4 KCNO — 2 KCNO + K,CO3 + 2N + CO

2CO0—CO+C

Povrch ocele sa nasycuje dusikom, uhlikom, ale aj kysli-
kom pri moznej reakcii CO, s povrchom. Vo vrstve e-fazy
ostava okrem dusika absorbovany vsetok uhlik a kyslik. Do
vrstvy o-fazy pod niou difunduje len dusik.

Ovladanym nepretrzitym prevzdusnovanim kupela pri
teniferovani sa udrzuje vysoky obsah aktivnej zlozky — kyana-
tanov (cca 45 %), vysoka rychlost’ ich termickej disociacie
a absorpcie atdomov N a C nasycovanym povrchom. Zvacsi sa
koncentraény spad N v nasycovanej vrstve, v porovnani
s nasycovanim v neprevzdusiovanych kupeloch a tym aj
rychlost’ jej rastu. K tejto prispieva v nemalej miere aj pomer-
ne vysoka teplota teniferovania 570 °C (pri klasickych proce-
soch v plynoch a v sol'nych kupel'och cca 500 °C).

Pouzivanim titanového kelimku sa podla publikovanych
udajov zniZi obsah Zeleza v kupeli z 0,7 % na 0,1 %, ¢o udaj-
ne znizuje poréznost vrstvy e-fazy zo 70 % jej hrubky na 10
az 20 % a tym aj jej krehkost’.

2. Material a metodika experimentu

Ako experimentalny materidl boli pozité ocele ozn.
1.7766 (15 330), 38Ch2MIJuA (15 340), X32CrMoV3-3

(19 541), ktoré boli nitridované povrchovo sytené: a, v ply-
noch pri teplote 565 °C, ¢as sytenia bol 60, 120 a 240 min,
resp. b, v kupeli kyanid-kyanatan (teniferovanie) za anologic-
kych podmienok ako v plynoch.. Mikrotvrdost’ a hrubka nitri-
dovanej vrstvy bola merand Vickersovou metédou pri zat'aze-
ni 50 g.

3. Experimentilne vysledky a ich rozbor

Vysledky nasho vyskumu na celom rade konstrukénych
a nastrojovych oceli vyvratili tvrdenia o vysSej rychlosti rastu
oboch zloziek nitridovanej vrstvy pri teniferovani,
v porovnani s nitridaciou v plynoch, pozri obr. 1 az obr. 3
atab. L.

Pri rovnakej teplote nasycovania 565 £ 5 °C a ¢asoch
zotrvania na teplote: 60 az 240 min, je hrubka zli¢eninovej
vrstvy e-fazy a difuznej vrstvy a-fazy pri nitridacii v plynoch
(aktivna zlozka NH;) vzdy vécsia, ako pri nitridacii procesom
tenifer. Autori propagujuci teniferovanie pri 570 °C dospeli
k opisanému omylu porovnanim vlastnych vysledkov merani

Tabul'ka I
Hrabka e-faze po nitridacii v plynoch a teniferovani’®

Ocel’ Cas nasyco- hrybka vrstvy hrubka po

vania [min]  e-faze [mm] teniferovaniv

plynoch [mm]
X32CrMoV3- 60 0,001 0,003
3 120 0,005 0,013
240 0,010 0,016
1.7766 60 0,001 0,005
120 0,004 0,011
240 0,010 0,014
38Ch2MJuA 60 0,001 0,004
120 0,004 0,008
240 0,008 0,012
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Obr. 1. Priebeh tvedosti nitridovanej vrstvy pri teplote 565 °C
mat. 19541
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Obr. 2. Priebeh tvedosti nitridovanej vrstvy pri teplote 565 °C
mat. 15 340

s publikovanymi vysledkami nitridacie v plynoch pri obvyk-
lych a zauzivanych teplotach 490 az 500 °C. K ich omylu
mohli pomoct’ aj komeréné zaujmy.

Proces teniferovania sa vel'mi rychlo zaviedol v celom
rade §tatov a vyuziva sa aj v sucasnosti. Vlastnik patentu vy-
rabal a dodaval kompletné zariadenie pre realizaciu patentu.

Medzi vyhodami patentu teniferovania sa uvadza pod-
statne rychlejsi rast nitridovanej vrstvy, ako pri klasickej nitri-
dacii v soliach a v atmosfére NH; a tym skratenie procesu
chemicko-tepelného spracovania, vdcsia hribka povrchovej
zltiCeninovej vrstvy e-fazy a tym moznost’ jej dodatoéného
leStenia, nizSia krehkost’ e-fazy, vyssia odolnost’ nitridovanej
ocele proti inave po odporu¢anom rychlom ochladeni po
vybrati z kupela, lepsia operativnost’ napriklad presné minu-
tové zotrvanie detailu na teplote po ponoreni do kupel'a napri-
klad u reznych nastrojov.

Medzi nevyhody teniferovania, ktoré sa obvykle neuva-

dzajl, mozeme zaradit:
pouzivanie prudko jedovatych soli a naklady na likvida-
ciu kyanidového odpadu,
naleptavanie povrchu vsadzky solnym kapelom
s predlzovanim casu zotrvania v kupeli a tym zvySenie
drsnosti povrchu,
pripustny Cas zotrvania vsadzky v kupeli je maximalne 4
hodiny pre poskodzovanie povrchu naleptdvanim kupe-
lom. Tym je obmedzena aj maximalna dosiahnutelna
hribka nitridovanej vrstvy pri teniferovani,
obmedzena vyrobnost’ nitrida¢nych kupel'ov pripustnym
stipnutim hladiny sol'ného kupela po zalozeni vsadzky,
potreba predohrevu vsadzky vo vzdus$nej peci pre od-
stranenie pripadnej vlhkosti pred ponorenim do kupel'a,
naklady na predohrievaciu pec, na stavbu a prevadzku
neutralizacnej stanice pre likvidaciu kyanidového odpa-
du, néklady na kompresorova stanicu, hluénost jej pre-
vadzky pri prevzdusiovani kapel'ov.
Dvojstuptiovym procesom nitridacie v NH; a difuzneho
ihania* v N,, je mozné dosahovat kvalitnejie nitridované
vrstvy v plynoch ako pri teniferovani, bez obmedzenia jej
hrubky a bez zvySenia drsnosti povrchu. Dusikova atmosféra
v zavere procesu umoziuje v pripade potreby okamzité otvo-
renie pece a rychle ochladenie vsadzky.
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Obr. 3. Priebeh tvedosti nitridovanej vrstvy pri teplote 565 °C
mat. 19 330

Je potrebné zddraznit,, ze na hrabku oboch zloziek nitri-
dovanej vrstvy (€ aj o fazy) vyrazne vplyva aj legovanost
ocele. V praxi by sa teda mali nitridovat’ na jednu predpisant
hrubku € fazy v jednej vsadzke vyrobky len z jedného druhu
ocele (resp. ocele blizkeho zloZenia). Dalej je potrebné presne
dodrziavat’ cely predpisany teplotny cyklus nitridacie, ¢o si
vyzaduje prisnu technologicka disciplinu. Dalej je potrebné
poznat’ kinetiku rastu povrchovej vrstvy € fazy, resp. pri hrub-
Sich vrstvach kinetiku rozvoja jej siete v o faze pri pouziva-
nych oceliach. Len so znalost'ou tychto faktorov predpisovat
konkrétne technologické parametre nitridacie a diftizneho
zihania pre dantl vsadzku a presne ich dodrziavat. Na nasej
katedre aj v stcasnosti nahradzujeme na poziadanie objedna-
vatel'a proces teniferovania nitridaciou s difiznym zihanim
v plynoch.
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1. Introduction

In the last few years new ceramic/carbon nanotube com-
posites have been developed and a number of authors re-
ported improved mechanical, electrical and thermal properties
in the case of these composites compared to the monolithic
ones'. According to the results, reinforcing by CNTSs in many
cases improved the fracture toughness of alumina due to
bridging of the crack surfaces by CNTs during the crack
propagation and by CNT pullout mechanism, which strongly
depends on the interfacial bonding between CNTs and the
matrix. Such a toughening, however is not evident and was
not proved in all experiments?,

The positive effect of the carbon nanotubes on electrical
conductivity of polymer materials due to the percolation of
CNT is widely expected, however only a few authors re-
ported improved electrical conductivity of CNT—ceramic
composites’ . The electrical conductivity of CNT—ceramic
nanocomposites is highly dependent on many factors, for
example CNT content, distribution of CNTs, bulk density and
sintering conditions.

The aim of the present work is to study the effect of
addition of carbon nanotubes and carbon black on the indenta-
tion toughness and electrical conductivity of alumina-CNT
and alumina-carbon black (CB) nanocomposites.

2. Experimental materials and methods

The experimental materials were prepared by spark
plasma sintering at the Queen Mary, University of London,
UK.

The microstructure and fracture surfaces of the investi-
gated materials were studied using scanning electron micros-
copy (SEM). The electrical conductivity (o) of monolithic and
composite materials was measured at ambient temperature
using a two-point probe setup, carried out on a precision im-
pedance analyzer Agilent 4294A. The used frequency was in
the range from 40 Hz to 40 kHz.
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A schematic of the two-point probe configuration used
for the electrical conductivity measurements is shown in
Fig. 1. The common equations were used for calculation of
the electrical resistivity and conductivity of samples from
resistive material with electrical contacts on both ends. The
electrical resistivity p (rho) of a material is given by:

A

P=R 7

)

where p is the static resistivity (measured in Qm), R is the
electrical resistance of a uniform specimen of the material
(measured in Q), / is the length of the piece of material
(measured in m), A is the cross-sectional area of the specimen
(measured in square metres, m?). Conductivity is the recipro-
cal (inverse) quantity of electrical resistivity p, and has the SI
units of siemens per metre (S m™):

)

Indentation fracture toughness test was performed at loads of
50 and 100 N using a Vickers indenter. The calculation of the
fracture toughness was made using the Anstis equation:

1
E\2
K= 0.016-(1{] :

where E is the modul of elasticity, H is the hardness and ¢ the
radial crack length generated by Vickers’s indentation. At
least 10 indentation have been made for all investigated mate-
rials. The grain size was measured on polished/etched surface
using standard statistical methods and the fracture surface of
specimens was studied using macro and microfractograpy.
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Fig. 1. Scheme of the two-point electrical conductivity measure-
ment

3. Results and Discussion

The microstructure of the monolithic Al,O; consists of
relatively large, micron sized grains with randomly distributed
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submicrometric sized pores, located at the grain boundaries,
Fig. 2a. The grain size of the matrix is lower in the ALO; +
2 % CB composite and even lower in the ALOs;+ 5 % CB
composite, Fig. 4a,b. Relatively large numbers of CNF clus-
ters were observed on the polished and fracture surfaces of the
ALO; + 3.5 % CNT composites, Fig. 2b. This material has
even finer matrix with relatively well distributed carbon nano-
tubes with diameter of several nanometers and with very high
aspect ratio. The smaller matrix grain size in the composite
suggests that the carbon black and the CNTs hinder the grain
growth during the sintering.

The CNTs in the ALO;-CNT composite were located
mainly in the intergranular places and were well attached to
the alumina grains.

The indentation toughness of monolithic alumina is ap-
proximately 3.24 MPa m'? which is comparable to similar
materials in the literature. The addition of 2 % carbon black
increased the indentation toughness, but after increasing to
5 % the indentation toughness decreased to the similar level
as of the monolithic material. The addition of 5 % CNTs in-
creased the indentation toughness up to 4.14 MPa m"”? which
is the highest value obtained for the materials investigated.

UMV SAV SEI 10.0k¥  X10,000 1um WD 10.9mm

-

10.0kV  X10,000

SEI Tum WD 10.4mm

Fig. 2. Fracture surfaces of monolithic AL,O; sintered at 1800 °C
for 3 min under a pressure of 100 MPa (a) and alumina—-3.5 wt.%
CNT nanocomposite sintered at 1800 °C for 3 min under a pres-
sure of 100 MPa (b)
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In Tab. I the room-temperature electrical conductivity of
the investigated materials is illustrated. The electrical conduc-
tivity increased significantly from a very low value (the exact
value of the monolithic alumina was not possible to measure
because of the limitations of our measurement equipment) to
the maximum value of 140 S/m for the composite with
10 wt.% of CNTs. The electrical conductivity of the compos-
ites with CNTs in all cases is higher compared to that of the
materials with carbon black. It was found that the size and
shape of the mixed carbon black additives resulted in a very
limited graphite particle connection in the matrix, which re-
sulted in the low electrical conductivity, Fig. 3. So the aim of
the next experiments is the formation of chains of conducting
carbon black at the grain boudaries, which increases the elec-
trical conductivity of the composite, thanks to the percolation
threshold.
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Fig. 3. Scheme of the microstructure of ceramic composite with
carbon black (a) and CNTs (b)

Inam et al.” measured the electrical conductivity of the
same materials as in the present contribution and found higher
values in comparison to our results. It seems that the results of
the electrical conductivity strongly depends on used measure-
ments methods. The used cooper plates 3 mm X 3 mm elec-
trodes in our experiment in comparison with the used silvered
samples by Inam et al. results in significant differences”.

Well-dispersed CNT-reinforced Al,O; nanocomposites
have been recently prepared with reasonably high density
using hot pressing®. According to the results 2 wt.% of CNT
addition increased the hardness, flexural strength and fracture
toughness of nanocomposites (from 3 to 4.3 MPa m"?), how-
ever further CNT addition up to 5 wt.% slightly decreased the
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Table I
Indentation toughness, grain size and electrical conductivity
of investigated materials

Sample Grain size Kic i El. conduct.
[nm] [MPa m "] [S/m]
Al O, 1802+339  3.24+0.15 -
AL O3;+2%CNT - - 27,2+0,5
AlLO3+3,5%CNT - - 73,9+4,5
ALO3+5%CNT 383+45 4.14£0.62 90,5+4,8
Al,O3;+10%CNT - — 139,6+20,1
ALO;+2%CB  1065+120  3.84+0.5 3,8+0,3
AlL,O3+5%CB 536+61 3.44+0.25 8,5+0,1

hardness, reduced the flexural strength but improved the
toughness up to 4.5 MPa m'?. The increase in toughness is
believed to be associated with the strong interface connections
between the CNT and the matrix, resulting in pullout resis-
tance, bridged the crack gaps and hindered the crack propaga-
tion by exploiting CNTs elasticity, leading to improved frac-
ture toughness.

. W

SEI 10.0kV X10,0007 1um WD 11.0mm

10.0kV  X10,000

liMV SAV SEI 1um WD 10.6mm

Fig. 4. SEM images of polished surfaces of alumina-2 wt.% car-
bon black nanocomposite (a) and of alumina-5 wt.% carbon
black nanocomposite. Polishing plucked out agglomerates of

carbon black from the surfaces (b)
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Fractography of the fracture surfaces of the composites
revealed carbon based “bridges” between the alumina grains,
which probably in the case of Al,O;+ CNT composite are
strong enough to increase the resistance against the crack
propagation. These results are in good agreement with the
results of recent investigations®.

4. Conclusion

The effect of addition of carbon nanotubes and carbon black
on the mechanical and electrical properties of alumina-CNT and
alumina-carbon black nanocomposites has been investigated.

The addition of 5 % CNTs increased the indentation
toughness from 3.24 MPa m"? to 4.14 MPa m"2. The slightly
increased fracture toughness is probably connected with the
interfacial bonding between the CNTs and the matrix. This
bond, however, was not strong enough to increase the fracture
toughness more significantly.

The electrical conductivity of alumina-CNT nanocompo-
sites is approximately ten times higher in comparison to the
alumina-carbon black nanocomposites due to the fibrous na-
ture and high aspect ratio of CNTs. Electrical conductivity
increases with the increase of the CNT content. Introduction
of carbon nanotubes also leads to refinement of grain size.
The significant enhancement of electrical conductivity can be
attributed to the percolation phenomena between CNTs or
CNT bundles in the alumina matrix of the composite.

This work was partly supported by APVV LPP-0174-07,
APVV-0034-07, VEGA No. 2/0088/08 and MNT-ERA.NET
HANCOC.
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This work describes the microstructure, indentation
toughness and electrical conductivity of alumina-carbon black
and alumina-carbon nanotubes nanocomposites prepared by
spark plasma sintering. Materials have been studied by SEM,
Vickers indentation technique and two-point electrical con-
ductivity measurement. The addition of 5 % CNTs increased
the indentation toughness from 3.24 MPa m'" to
4.14 MPa m". The electrical conductivity of alumina-CNT
nanocomposites is approximately ten times higher in compari-
son to the alumina-carbon black nanocomposites due to the
fibrous nature and high aspect ratio of CNTs.
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1.Uvod

Kontinualna vyroba bram je v su€asnosti najpouzivanej-
Sou metodou, pri ktorej tuhnutim ocele dochadza k vyrobe
dlhych ocelovych produktov. Zakladny princip kontiliatia
spociva v tom, ze tekuta ocel sa na zaciatku naleje z panvy do
medzipanvy a potom je distribuovana cez urcity pocet vtokov
vo vertikdlnom smere do medenych foriem chladenych vo-
dou. Teplo sa odvadza cez med’ do vody, ¢im dochadza
k tuhnutiu tenkej povrchovej vrstvy tekutej ocele. Aby sa
zabranilo prilipnutiu tuhnicej vrstvy na medené platne, je
nevyhnutné mazanie a kmitanie krystalizatora, ktoré je pri
jednotlivych rychlostiach liatia riadené pocitac¢om. Frekvencia
kmitov je viazand s rychlost’ou liatia a vySkou zdvihu a moze
sa menit’ v rozmedzi cca 15" az 5 5™

Mechanizmus kmitania obsahuje ploché pruziny
(obr. la), ktoré prenasaju ¢asovo premennu silu ' (obr. 1b)
medzi pevinymi a pohyblivymi Gastami mechanizmu'.

Pretoze pocas prevadzky krystalizatora dochadzalo

k castému predfasnému porusovanim pruzin lomom bola
realizovana rozsiahla analyza moznych pri¢in tychto porach.
V prispevku je prezentovand analyza materidlu pruzin
v kontexte hodnotenia ich unavovej zivotnosti.

‘ 160 ‘w*v l/\ /\
i VIRV,
a) b)

Obr. 1. Plocha pruZina. a) tvar a zakladné rozmery, b) casovy
priebeh zat'aZujicej sily
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2. Material pruZin a jeho vlastnosti

Podl'a dokumentacie prevadzkovatela pruziny boli vyro-
bené z ocele X4 CrNiMo 16-5V (Cr-Ni-Mo martenziticka
korozivzdorna ocel’), pri¢om podl'a Fiirbachera® je ekvivalen-
tom tejto ocele akost X4 CrNiMo 16-5-1 (¢islo materialu
1.4418), zusTachtena QT900.

V priebehu riesenia uvedeného problému boli analyzova-
né materialy viacerych plochych pruzin'>*. V tab. I a II st pre
ilustraciu uvedené pozadované hodnoty chemického zlozenia
a mechanickych vlastnosti ako aj typické vybrané hodnoty
chemického zlozenia a mechanickych vlastnosti ziskané ana-
lyzou materialov pruzin.

Ako vyplyva z tab. I, nie vSetky pruziny boli vyrobené
z materialu splitujuceho pozadované chemické zloZenie (niZsi
obsah Cr, Mo, Ni, vyssi obsah P). Rovnako mechanické vlast-
nosti materialu pruzin mali pomerne vel’ky rozptyl, pricom sa
vyskytli pripady ked’ pevnost’ materialu bola niz8ia ako poza-
dovana hodnota (tab. II).

Z analyzy lomovych ploch pruzin vyplynulo, Ze sa jed-
nalo o krehké lomy najcastejSie situované v strednej casti
v mieste ukonc¢enia prechodu zo strednej hrubsej Casti pruziny
(24 mm) do jej tensej Casti (8 mm) — pozri obr. la.

Mikro$truktira materidlu pruzin (obr. 2) je ihlicovita,
pri¢om sa v nej vyskytuju hrubsie popustené ihlice martenzi-
tu, ktoré moézu ovplyvnit' pevnost’ materialu. Tato Struktira
odpoveda strukture nizkouhlikového martenzitu.

Obr. 2. Mikro$truktira materialu pruZiny

3. Skusky Zivotnosti plochych pruzin

Pre skasky zivotnosti boli zvolené postupy vyuzivajuce
skuSobné zariadenie PWY od firmy SCHENCK. Pretoze plo-
ché pruzina je pri sprdvnom nastaveni zatazovana striedavo
sumernym ohybom (obr. 1b), bol tento spdsob namadhania
zvoleny aj pri skuskach Zivotnosti’. Tvar a rozmery vzoriek
hriubky 8 mm st na obr. 3.
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Tabulka I
Hodnoty chemického zlozenia, ocel’ X4 CrNiMo 16-5V
C Si Mn P S Cr Mo Ni N
Pozadované max. max. max. max. max. 15,0- 0,80- 4,50- min.0,020
0,080 1,00 1,50 0,035 0,015 17,0 1,30 5,50
Ziskané ¢.1 0,017 0,398 0,784 0,012 0,004 14,24 0,707 4,475 0,035
meranim ¢.2 0,050 0,400 0,871 0,060 0,003 14,73 1,102 5,003 0,028
Taburlka II
Hodnoty mechanickych vlastnosti, ocel’ X4 CrNiMo 16-5V
Rpo2[MPa] R, [MPa] As[%] Z [%]

Pozadované min 700 900-1050 min 16 -
Ziskané ¢.1 726 898 20,5 58,0
meranim ) 849 923 22,7 53,3

¢.3 836 995 21,7 62,1

60

15[ 30

Obr. 3. Tvar a rozmery vzorky pre plochy ohyb

Skusky zivotnosti listovej pruziny boli postavené na
téze, e medza unavy materidlu pruziny podla Statneho vy-
skumného ustavu materidlov v Prahe®’ pri namahani na ohyb
striedavo sumernym cyklom je o.,= 0,43 . Ry, Vychadzajic
z udajov o mechanickych vlastnostiach materialu pruzin opi-
sanych v predchadzajicej Casti, maximalna pozadovana pev-
nost’ materidlu pruziny dosahuje hodnotu R,, = 1050 MPa a
tomu odpovedajica medza unavy je o. .~ 0,43 . 1050 =
452 MPa. Uvedena hodnota medze tinavy plati za predpokla-
du, ze povrch vzorky je lesteny. Pri skuskach bol povrch vzo-
riek jemne bruseny. Vzorky boli odoberané z roznych miest
listovych pruzin, vratane z oblasti koncentratorov napéti.

Unavové skugky striedavym siimernym ohybom vzoriek
podla obr. 3 zo vsetkych skumanych pruzin preukazali, ze
medza Gnavy materialu prevysuje hore uvedent hodnotu na-
pétia. Na obr. 4 je pre ilustraciu uvedena lomova plocha vy-
branej vzorky po jej poruseni vy$Sou amplitidou napdtia ako
medza Unavy materialu pruziny.

Z analyz lomovych ploch vzoriek vyplynulo, Ze sa v nich
nachadzaju vmestky, ktoré vznikli s najvac¢Sou pravdepodob-
nostou nespravnou technoldgiou vyroby, pricom nerovnoroda
Struktira sa vyskytovala vo viacerych miestach lomovych
ploch.

Skutoéna medza Ginavy materidlu pruziny vo vsetkych
pripadoch prevysila teoreticky ur¢entt hodnotu 452 MPa aj
napriek tomu, ze povrch vzorky bol jemne bruseny a nie
lesteny. Na inavovu pevnost pruziny okrem mechanickych
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Obr. 4. Lomové plochy vzorky

vlastnosti materialu vSak vplyvaji aj d’al§ie parametre. Medzi
ne patria koncentratory napétia (zmeny hrubky pruZziny, geo-
metria hran podloziek zabezpecujucich vizby, polomery pre-
chodov) ktorych vplyv je vyjadrovany tzv. tvarovym stCinite-
Pom zavislym od druhu namahania (ohyb, tah), velkost’ su-
Ciastky (v zavislosti od druhu namahania), akost’ opracovania

povrchu ako aj citlivost’ materidlu pruziny na vruby. V ramci
analyzy Dboli kvantifikované tiez zvySkové napitia
v pruzinach, pri¢om ich hodnota nepresiahla 40 MPa. So zre-
telom na to, Ze Casové zmeny napéti v pruzinach pri prevadz-
ke maju striedavo simerny harmonicky priebeh, vplyv zvys-
kovych napéti uvedenej vel'kosti sa na unavovom poskodeni
vyraznejsie neprejavi.

Z experimentov vyplynulo, zZe za podmienok pri ktorych
boli realizované analyzy vplyvu materialu pruzin (v rozsahu
hodné6t mechanickych vlastnosti podl'a Tab. I, nemohlo dojst’
k ich poruseniu. Lomy mohli byt teda vyvolané len inymi
vplyvmi, stvisiacimi s neStandardnou prevadzkou mechaniz-
mu kmitania.

4. Zaver

Analyzou dosiahnutych vysledkov, ktoré vyplynuli
z analytickych, numerickych a experimentalnych postupov
bolo zistené, ze ploché pruziny v mechanizme kmitania st
z hl'adiska bezpecného prevadzkovania pri beznych pracov-
nych rezimoch vyrobené z vyhovujuceho materialu a ich roz-
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mery a ulozenie by mali v plnom rozsahu zabezpecovat
spravnu ¢innost’ mechanizmu kmitania. Poruchy — lomy tych-
to pruzin dokumentuj, Ze stavy pri ktorych dochadza k tymto
javom nie su beznymi prevadzkovymi stavmi a preto nie je
potrebné menit’ rozmery a material pruzin ani spdsob ich ulo-
Zenia, ale odstranit’ pri¢iny ktoré vyvolavaju nadmerné zata-
zenia, predovsetkym v okamihu sptstania mechanizmu kmi-
tania, resp. pri havarijnych prevadzkovych stavoch.

Tato praca vznikla realizaciou projektu ,,Centrum vy-
skumu riadenia technickych, environmentalnych a humannych
rizik pre trvaly rozvoj produkcie a vyrobkov v strojarstve’
ITMS:26220120060, na zdklade podpory operacného progra-
mu Vyskum a vyvoj financovaného z Eurépskeho fondu regio-
nalneho rozvoja.
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