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Odvisnost oblike in velikosti stiénih povrSin od obremenitve in lastnosti
materialov

Dependence of Shape and Size of Contact Area of Load and Material
Properties

KATARINA DROBNIC - IVAN PREBIL - MATJAZ TORKAR

V prispevku je obravnavan problem stika kotalnega elementa in tecine pri dolocanju nosilnosti
kotalnih leZajev velikih dimenzij. Nosilnost je dolocena z najvecjo dopustno sticno silo na najbolj
obremenjenem kotalnem elementu. Uveljaviljena kriterija, ki dolocata dopustno staticno
obremenitev na kotalni element - kriterij dopustne plasticne deformacije in kriterij dopustne
podpovrsinske napetosti na meji kaljene plasti - podajata vrednosti, ki se med seboj mocno
razlikujejo. Z namenom, da bi ugotovili dejansko nosilnost povrsinsko kaljenih kotalnih leZajev, so
bile izvedene meritve na leZajnih obrocih. Krivulji, ki povezujeta velikosti sticne povrSine in skupne
deformacije teles v stiku, kaZeta znacilno elasto-plasticno obnasanje materiala. Na podlagi teh
krivulj je za razliéne primere kotalnega stika mogoce dolociti odvisnost dopustne staticne
obremenitve od vrste materiala, debeline in trdote utrjene plasti na povrsini tecine ter geometrijske
oblike sticnih povrSin.

The paper deals with the problem of the contact between the rolling element and the raceway,
appearing in the calculations of the carrying capacity of large dimension rolling bearings. The
carrying capacity is specified by the largest allowed contact force on the rolling element with the
highest load. The established criteria for the determination of the maximum allowed static load of
a rolling element - the criterion of permissible plastic deformation and criterion of permissible
subsurface stress on the boundary of the hardened layer - vary widely. We have made the measure-
ments of bearing rings in order to find out the actual carrying capacity of the bearings with hard-
ened surfaces. The curves showing the contact surface size and the deformation of bodies in con-
tact as a function of the applied force show the familiar elastic-plastic material behaviour. These
curves are the basis for the determination of a permissible static load as a function of the material,
thickness and hardness of the hardened layer, and geometry of the bodies in contact.

0 UVOD

Osnovna teorija stika dveh teles v dotiku je bila
postavljena Ze leta 1881 [1]. Po tej Hertzovi teoriji, ki
je omejena na idealno elasti¢ni telesi in dotik brez
trenja (sl. 1), so bili zrazvojem mehanike v 20. stoletju
postavljeni za potrebe hitro razvijajo¢e se industrije
in transporta Stevilni uporabni modeli [2], [3] in [4].
V nadaljevanju prispevka se bomo omejili na
problem stika dveh teles pri vrtljivi zvezi.

Vrtljiva zveza je kompleksen strojni sestav, ki
omogoca vrtenje ali samo nihajo¢e gibanje dveh
konstrukcijskih sklopov. Osnovni elementi vrtljive
zveze so kotalni leZaj, ki omogo¢a relativno vrtenje,
vijana zveza, ki veze obroda lezaja s podporno
konstrukcijo in nadgradnjo, in pogosto $e ozobje, ki je
integrirano na zunanjem ali notranjem obro¢u leZaja
in je namenjeno za pogon vrtilnega gibanja
konstrukcije (sl. 2). Prenos kombinacije zunanje
obremenitve iz nadgradnje na podporno konstrukcijo
poteka prek lezajnih obroc¢ev in kotalnih elementov

0 INTRODUCTION

The basic theory of two bodies in contact was
set up already in 1881 [1]. This Hertz theory which
is limited to ideally elastic bodies (Fig. 1), and no fric-
tion in contact, has been the basis for several suc-
cessful models developed in the 20th century [2], [3]
and [4] to comply with the needs of fast industrial
and transport development. In the paper we shall con-
sider the contact of two bodies in a rotational con-
nection.

Rotational connection is a complex structure
enabling relative rotation or oscillation of two inde-
pendent structures. The basic components of a rota-
tional connection are (Fig. 2): rolling bearing (to se-
cure relative rotational motion), screw connection, fix-
ing the rings to the upper and lower structure, and
frequently the gearing (on the inner or outer ring) to
drive the rotating structure. The combined load is
transferred from the rotating (upper) structure
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SL.1. Model toc¢kovnega stika
Fig. 1. Point contact model

med njima. Z znano porazdelitvijo obremenitve po
posameznem kotalnem elementu po obodu leZajnih
obro¢ev lahko na mestu najbolj obremenjenega
kotalnega elementa dolo¢imo dejansko nosilnost
kotalnega stika [5].
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through the bearing rings and rolling elements to the
lower (fixed) structure. The carrying capacity of the
contact is determined on the rolling element with the
highest load [5].
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SI. 2. Osnovni elementi vrtljive zveze
Fig. 2. Basic elements of a rotational connection

1 KRITERIJA STATICNE NOSILNOSTI
KOTALNEGA STIKA

PoSkodbe, ki se pojavljajo pri velikih po&asi
tekocih lezajih, so v vegini primerov odvisne od
velikosti statiéne obremenitve in utrujanja materiala.
Zaradi prevelikih stati¢nih obremenitev v mirovanju
se pojavijo plasti¢ne deformacije teles v stiku, zlasti

1 CRITERIA OF STATIC CARRYING
CAPACITY OF A ROLLING CONTACT

Damage appearing on large, slowly running
bearings is caused mainly by large static loads and
material fatigue. Too high static loads on non running
bearings cause plastic deformations in the contact
between the rolling element and the raceway, and
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na tetini, ki ne omogocajo ve¢ enakomernega gibanja
kotalnega leZaja. Tehnologija izdelave vrtljive zveze
zahteva uporabo mehkih jeklenih materialov, ki se
dobro mehansko obdelujejo, surovi pa nimajo potrebne
povrsinske nosilnosti in odpornosti proti vtiskovanju.
Ustrezno nosilnost tedine doseZzemo s povrsinskim
kaljenjem. Poskodbe, ki se pojavijo zaradi preplitvo
kaljenih leZajnih te¢in, se kaZejo z razpokami v
osnovnem materialu pod utrjeno plastjo in se $irijo
proti povrsini teine. Z namenom, da bi zagotovili
normalno delovanje kotalnega lezaja vrtljive zveze v
Casu predpisane dobe trajanja, sta se za dologitev
dopustne stati¢ne nosilnosti uveljavila naslednja
kriterija: kriterij dopustne plasti¢ne deformacije in
kriterij dopustne podpovr$inske napetosti na meji
kaljene plasti.

1.1 Kriterij dopustne plasti¢ne deformacije

Trajna plasti¢na deformacija v stiku dveh teles
(kotalni element, teina) se pojavi pri preobremenitvi
na manj nosilnem elementu stika. V praksi se
pojavljajo lokalne plasti¢ne deformacije na povrsini
teCine Ze pri manjsih obremenitvah, in sicer zaradi
realne hrapavosti povrsine. Na vrhovih neravnin je
dejanska napetost vedja od elastiéne meje materiala,
posledica tega je plasti¢na izravnava hrapavih sti¢nih
povrsin. Vpliv lokalnih preobremenitev in z njimi
povezanimi mikroplastifikacijami je pri obravnavi
stati¢ne nosilnosti kotalnega stika zanemarljiv [6].

Poglavitna dopustna velikost stati¢ne
obremenitve prekaljenih leZzajnih obrocev je na
mirujocem lezaju, to je na njegovem najbolj
obremenjenem kotalnem elementu, dolocena z
obremenitvijo [7], pri kateri se pojavi v stiku trajna
plasti¢na deformacija velikosti 0,01% premera
kotalnega elementa:

consequently the movement of the rotational connec-
tion becomes uneven. The material for rotational bear-
ings must be sufficiently soft to facilitate the manu-
facturing process. This material does not have the
surface carrying capacity and strength to prevent the
impressions. The surface carrying capacity is in-
creased by suitable heat treatment, i.e. hardening of
the raceway. The cracks appearing in the base ma-
terial under the hardened layer and growing toward
the surface are typical of bearings with insufficient
hardened layer thickness, and are caused by exces-
sive subsurface stresses. Two criteria have been
established to evaluate the static carrying capacity
of a rotational connection: criterion of allowed per-
manent deformation, and criterion of allowed shear
stress on the edge of the hardened layer.

1.1 Criterion of allowed permanent deformation

Permanent plastic deformation in the contact
of two bodies (rolling element and raceway) appears
on the weaker contact body when overloaded. Plas-
tic deformations appear already with relatively small
loads, because of the rough surface. On the surface
peaks the stress are larger than computed, so the
microlocations in the contact are overloaded, caus-
ing a plastic smoothening of rough surfaces. The in-
fluence of local overloads and consequent plastic de-
formations can be neglected in the calculations of
the rotational connections [6].

The basic permissible static load on the non-
moving bearing, i.e., on the rolling element with the
highest load, equals the load causing permanent de-
formation of 0.01% of the rolling element diameter in
the contact [7]:

5, =10"d (1.

Plastiéna deformacija takSne velikosti Se
zagotavlja miren tek kotalnega leZaja brez vibracij in
je bila privzeta tudi v trenutno veljavnem
mednarodnem standardu [8]. Na temelju preizkusov
je bil razvit raunski postopek [9], ki doloda najveéjo
staticno obremenitev na najbolj obremenjenem
kotalnem elementu za jeklene prekaljene lezaje s
povrsinsko trdoto med 63,5 in 65 HRc. Za to¢kovni
stik (krogli¢ni kotalni element), ]e najvecja dopustna
statina obremenitev dolo¢ena z izrazom:

This size of plastic deformation guarantees
smooth vibrationless running of a bearing, and has
been adopted in the current international standard [8].
The computational procedure [9] for the determina-
tion of the highest load on the rolling element of a
steel bearing with raceway hardness between 63,5
and 65 HRc has been developed on the basis of ex-
perimental data. For the point contact (ball rolling el-
ement) the maximum permissible static load equals:

28d° 0,
10% Zat
QaH g( ) ( d )
za linijski (valjasti kotalni element) pa: and for the line (cylindrical rolling element):
310d1 S !
rains SN 4
8§ L M @).
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V izrazih (2) in (3) popisuje funkcija g (p)
geometrijsko obliko teles v stiku, potenca n pa je
odvisna od razmerja velikosti kotalnega elementa in
te¢ine in je za vrednosti med 0,92 in 0,97 enaka 0,5

[10].

1.2 Kriterij dopustne podpovrSinske napetosti
na meji kaljene plasti

Kcriterij, ki temelji na zahtevi po ustrezni debelini
in trdoti kaljene povrsinske plasti, pravi [11], da se
poskodbe ne bodo pojavile, ¢e primerjalna
podpovrsinska napetost po hipotezi najvecjih striznih
napetosti na meji kaljene plasti in osnovnega materiala
ne bo presegla meje elasti¢nosti osnovnega materiala.
Porazdelitev primerjalne napetosti pod povrino mora
biti tak¥na, da je njena najvedja vrednost v obmogju
kaljene plasti, vrednost na meji kaljene plasti pa
manj$a ali enaka proporcionalni meji elasti¢nosti
osnovnega materiala (sl. 3a):

o,(pril/ at 50HRc) < 0,,

In expressions (2) and (3) g(p) is a function of
the geometry of the bodies in contact and exponentn
is a function of the size ratio of ball and raceway, and
equals 0.5 at values between 0.92 and 0.97 [10].

1.2 Criterion of permissible shear stresses on
the limit of the hardened layer

The criterion based on the required thickness
and hardness of the hardened layer states [11] that
damage will not occur if the subsurface stress (cal-
culated using the hypothesis of maximum shear
stresses) does not exceed the elasticity limit of the
base material. The distribution of the stress must have
its maximum in the hardened layer, and the value on
the hardened layer boundary must be equal to or less
than the elasticity limit of the base material (Fig. 3a):
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Sl. 3. Shematski prikaz kriterija dopustne strizne napetosti na meji kaljene plasti
a) porazdelitev napetosti pod povrsino, b) dolocitev debeline kaljene plasti
Fig. 3. Schematic illustration of the criterion of permissible shear stress on the surface
of the hardened layer
a) stress distribution under the surface, b) determination of the hardened layer thickness

Meja kaljene plasti je dolo&ena z razdaljo od
povrSine, na kateri trdota kaljene plasti ne pade pod
vrednost 50 HRc (sl. 3b). Meja elasti¢nosti osnovnega
mlateyiaja se dolo¢i na globini trikratne debeline kaljene
plasti.

2 PREIZKUSANJE
2.1 Izbira preizkuSancev

Material za preizku$ance je bil dolocen po
obstojeci maloserijski proizvodnji velikih lezajev.
Zaradi tehnologije izdelave, to je valjanja ali krivljenja
Jeklenih gredic in varjenja v obro¢ ter mehanske

The boundary of the hardened layer is defined
by the distance from the surface, where the hard-
ness of the layer falls to 50 HRc (Fig. 3b). The elas-
ticity limit is determined at a depth of three times the
thickness of the hardened layer.

2 TESTING
2.1 The choice of test specimen

The choice of material for the test specimen
was based on the small series production of large
bearings. Due to the production technology, i.e. roll-
ing and bending of steel blocks, welding of the ring
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obdelave teine, ozobja in pritrdilnih izvrtin, sta bili
izbrani podevtektoidni jekli: ogljikovo C45 in legirano
krommolibdenovo 42CrMo4. Glavna zna€ilnost obeh
jekel v normaliziranem in poboljSanem stanju je mehka
feritno-cementitna mikrostruktura, ki se dobro
mehansko obdeluje, nima pa odpornosti proti obrabi
in vtiskovanju (sl. 4a, b). Utrditev leZajne te€ine je
bila doseZena z lokalno toplotno obdelavo. Indukcijsko
zakaljena vrhnja plast te¢ine s finozrnato martenzitno
mikrostrukturo ima vi§jo trdnost in daje visoko
odpornost materiala proti vtiskovanju kotalnega
elementa v tecino (sl. 5a, b).

S1. 4. Mikrostruktura normaliziranega materiala: a) C45, b) 42CrMo4

and machining of the raceway, making of gearing
and fixing holes - low carbon steel C45, and steel
alloy 42CrMo4 were chosen. The basic property of
both steels in the normalized state is a soft ferrite-
cementite micro structure (Fig. 4a, b) which is easy
to machine, but has neither wear resistance not re-
sistance against impact. The surface of the raceway
was hardened using local heat treatment. The induc-
tively hardened upper surface of the raceway with
its fine grained martensitic structure (Fig. 5a, b) has
a higher hardness and resistance against the impact
of the rolling element.

Fig. 4. Microstructure of normalized steel: a) C45, b) 42CrMo4

4

.

i

SI. 5. Mikrostruktura zakaljenega materiala: a) C45, b) 42CrMo4
Fig. 5. Microstructure of hardened steel: a) C45, b) 42CrMo4

2.2 Potek meritev

Zadolo¢evanje odvisnosti deformacije stika od
vzpostavljene sile na kotalni element je bilo narejeno
namensko preizkusevalis¢e (sl. 6). Z mehanskim
delom, ki zagotavlja osnosimetri¢no obremenjevanje
teles v stiku, in merilnim delom smo spremljali
odvisnost deformacije stika od velikosti sile. Merjenje
obremenitve in deformacije je potekalo hkrati s
preizkuSanjem po vnaprej dolodenem Easovnem
programu obremenjevanja in razbremenjevanja.
Plasti¢na deformacija stika je bila dolo¢ena iz relativne
razlike zaCetne in kon¢éne poti merilnika pomikov.
Velikost sti¢ne povrSine je bila dolo¢ena po konéni
razbremenitvi. Pri tem je bila uporabljena metoda z

2.2 Measurement procedure

A dedicated test stand was made to determine
the contact deformation as a function of the force on
the rolling element (Fig. 6). The mechanical part ena-
bling the axis-symmetric loading of bodies in contact,
and the measuring part were used to monitor the con-
tact deformation as a function of the force. The meas-
urement of the load and deformation was made si-
multaneous with the testing according to the prede-
termined program of loading and unloading. The plas-
tic deformation was determined from the relative dif-
ference of the initial and final positions of the dis-
placement transducer. After the unloading, the size
of the contact surface was measured. Here the
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Sl. 6. Preizkusevalisce
Fig. 6. Test stand

indikatorskim sredstvom, ki vsebuje mikronske trde
delce [12]. Mikroposkodbe povrsine zaradi vtisnjenih
delcev ne vplivajo na poskodbe stika zaradi
obremenitve. Zaradi druga¢nega odboja svetlobe od
povrsine omogodajo doloditev velikosti stiéne povrSine
tudi pri obremenjevanju v elasti¢cnem podrocju
materiala teles v stiku (sl. 7a, b).

lezajna kroglica
Rolling Ball
___tedina
Raceway

indikatorska pasta

Paste with Hard
Particles

indicator medium containing micrometric hard
particles was used [12]. The microscopic damage
made with impressed particles does not affect the
contact damage caused by loading. The different light
reflection enables the determination of the size of the
contact surface even when the loading is within the
elastic range of the material of the bodies in contact

(Fig. 7a, b).

S1. 7. Merjenje velikosti sticne povrSine: a) metoda, b) fotografija odtiska
Fig. 7. Measurement of the size of the contact surface: a) method, b) impression photograph

Po opravljenih zaporednih meritvah na
posameznem preizkusancu pri razliénih obremenitvah
sta bila izdelana diagrama odvisnosti velikosti
deformacije stika (sl. 8) in velikosti sti¢ne povr3ine
od obremenitve (sl. 9). Iz obeh diagramov je razvidna
znatilna oblika diagrama preizku$anja materiala o—¢.
Pri manj8ih obremenitvah se skupna deformacija s
silo zveCuje in se po razbremenitvi v celoti povrne v
zaCetno stanje. Preseganje elasti¢ne meje materiala
se kaZe z zveCevanjem plasti¢ne deformacije stika.
V obmod¢ju utrjevanja materiala je plasti¢na
deformacija bolj ali manj enaka, nato pa se zatne
progresivno zvecevati.

Po obeh diagramih za posamezni preizkusanec
smo dolo€ili kriti¢no silo, to je silo, pri kateri se zaéne

The sequence of measurement with different
loads on a test specimen gave the graph of the con-
tact deformation (Fig. 8) and size of the contact sur-
face (Fig. 9) as a function of the load. Both graphs
show the characteristic shape of the material o—¢
test graph. With lower load it increases and then
returns exactly to the initial state. Increase over the
elastic limit of the material gives an increased plastic
deformation of the contact. In the hardening region
of the material the deformation remains basically sta-
ble, then it increases progressively.

Both graphs enabled to determine the critical
force, i.e. the force at which the hardening of the
material begins. The loading region above the critical
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SL. 9. Odvisnost velikosti sticne povrsine (polosi elipse) od obremenitve
Fig. 9. Size of contact surface (ellipse semiaxes) as a function of the load

utrjevanje materiala. Obmocje obremenjevanja stika
nad kriti¢no silo zaradi rasti plasti¢ne deformacije za
normalno obratovanje vrtljive zveze ni primerno. Zato
lahko tako dolo¢eno kriti¢no silo enacimo z dopustno
silo kriterijev za doloCitev stati¢ne nosilnosti kotalnega
stika pri enakih geometrijskih in materialnih lastnostih
teles v stiku.

load is not suitable for normal operation of the rota-
tional connection, due to the increased plastic defor-
mation. Therefore the critical force determined in this
way can be considered equivalent to the permissible
static force of the criteria for the determination of
the static carrying capacity of the rolling contact, taking
into account the equal geometric and material prop-
erties of the bodies in contact.
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3 NUMERICNA OBDELAVA
REZULTATOV

Vsak primer preizkuSanja pri doloceni
obremenitvi je dolo¢en z vektorjem podatkov o
materialu tedine: (E - elastiéni modul, v- Poissonov
koeficient,o; , - proporcionalna meja elasti¢nosti);
rezultatu toplotne obdelave tedine (HV- trdota na
povrsini po Vickersu, /# - globina kaljene plasti);
geometrijski obliki teles v stiku (d - premer kotalnega
elementa, S - razmerje velikosti kotalnega elementa
in tecine, k - razmerje velikosti polosi sti¢ne elipse) in
obremenitve (Q). Rezultat preizkusanja je funkcija
velikosti daljSe polosi sti¢ne elipse v odvisnosti od
nastetih parametrov:

a= f(0,E,v,0,,,

Pri tem je treba dolo€iti mejo veljavnosti izraza
(5). Za nas je zanimivo obmocje obremenjevanja do
rasti plasticne deformacije, to je kriticne sile, ki je
odvisna od parametrov materiala in geometrijske
oblike stika:

ri B fz(Ea U,04,,

Tako dolocena kriti¢na sila dolo¢a zgornjo mejo
veljavnosti izraza (5).

Avtomatsko iskanje numeri¢ne zakonitosti in
hkratno ocenjevanje znadilnosti priblizka s
statisti¢nima kriterijema korelacijskega koeficienta in
standardiziranega odstopanja omogo&a programski
sistem GoldHorn [13]. Splo$na matematiéna oblika
funkcijskih odvisnosti velikosti sti¢ne povrsine in
velikosti kriti¢ne sile Y je bila produkt potenciranih
vrednosti spremenljivk stika X %

r=coxe)

Numeri¢no dolo€ena priblizka v zeljeni formalni
obliki, ki vsebujeta vse navedene spremenljivke
kotalnega stika v normirani obliki sta:

3 NUMERICAL PROCESSING
OF THE RESULTS

Each test case using a particular load is deter-
mined with a vector of raceway material data: (£ -
elastic modulus, v- Poisson ratio, g, ,- elastic limit),
result of the raceway heat treatment (H} - hardness
according to Vickers, 4 - thickness of the hardened
layer), geometry of bodies in contact (d - diameter of
the rolling element , S - ratio of the sizes of the roll-
ing element and the raceway, k - ratio of the contact
ellipse semiaxes), and the load (Q). The result of the
testing is the size of the larger semiaxis of the con-
tact ellipse as a function of the above mentioned pa-
rameters:

HV,h,d,S,k) (5).

Here the validity limits of the expression (5)
must be defined. The relevant load range is up to the
intensive increase of the plastic deformation, i.e. the
critical force, that depends on the material param-
eters and the contact geometry:

HV,h,d,S,k) (6).

The critical force determined in this way yields
the upper limit of the validity of the expression (5).

Automatic determination of the functional de-
pendence, and the estimation of the significance of
the estimated value using the statistical criteria of cor-
relation coefficient and the standardized deviation was
made using the program system GoldHorn [13]. The
general form of the functions of the contact surface
size and the critical force Y was the product of the
exponential variables of the contact X *:

(7).

Numerically determined estimates in the for-
mulation include all described variables of rolling con-
tact:
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&e so vrednosti normiranih spremenljivk:

E, =21*10°N / mm’
v, =03
Oy, = 300N / mm’
HV, =517(= 50HRc)
d, =20mm

Izraz za dologitev kritiéne sile (9) s korelacijskim
koeficientom 0,83 ni najbolje ocenjen. Vzrok je v
sorazmerno majhnem Stevilu meritev glede na
raznolikost podatkov kaljenja. Izraz za doloitev
velikosti sti¢ne povrsine (8) je z vrednostjo
korelacijskega koeficienta 0,95 zelo sprejemljiv. Vpliv
normiranih spremenljivk elasti¢nega modula in
Poissonovega koeficienta je v doslej izpeljanih
preizkusih neznagilen, ker je bil v preizkusih uporabljeni
material le jeklo (E~E ;v= v ). Relativno odstopanje
s priblizZkom izradunanih vrednosti od meritev je v
vedini primerov med 5 % in 10 % (s1.10).

The expression for the critical force (9), has a
correlation coefficient of 0.83, which is not very high.
The cause lies in the relatively small number of meas-
urements, considering the diversity of the hardening
data. The expression for the determination of the
contact surface size (8) with a correlation coefficient
of 0.95 is quite acceptable. The influence of the nor-
malized variables of the elastic modulus and Poisson
ratio has been insignificant in the tests made so far,
because the material used has always been steel
(E~E ;v=v). Relative deviation of the estimated
values from the measurements is mostly between 5 %
and 10 % (Fig.10).
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SL. 10. Primerjava rezultatov priblizka in meritev velikosti daljSe polosi sticne elipse (8)
Fig. 10. Comparison of the estimation and the measurement of the longer semiaxis of the contact ellipse (8)
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4 SKLEP

Dobljeni rezultati pomenijo zacetek obseZnejsih
meritev in potrditev primernosti iskanja preprostejsih
poti za dolo¢evanje stati¢ne nosilnosti kotalnega
stika s pomocgjo eksperimentalno dolo€enih enacb.
Pri tem je treba poudariti namen uporabe rezultatov
meritev. V naSem primeru se Zelimo izogniti
numeri¢no in matemati¢no zahtevnim preraunom
mehanike stika, pa tudi zajeti vse bistvene lastnosti
materiala in geometrijske oblike povrSinsko kaljene
teCine vrtljive zveze.

Oba omenjena in Ze uveljavljena kriterija za
dologitev statiéne nosilnosti kotalnega stika veljata
pri doloenih pogojih, ki pa v na§em primeru niso
izpolnjeni v celoti. Kriterij dopustne trajne deformacije,
ki predpostavlja prekaljeni prerez jeklenega lezajnega
obroca, zahteva izredno visoko povrSinsko trdoto (nad
63 HRc), $iri uporabno podroc¢je materiala tudi nad
elasticno mejo in omogoc¢a splo$no obravnavo
geometrijske oblike teles v stiku, ima svojo
pomanjkljivost v neupostevanju slabse zakaljene
teCine (mehkej$a povrsina, neprekaljenost) in zaradi
tega spremembo mehanskih lastnosti materiala z
globino na meji kaljene plasti in osnovnega materiala.

Kriterij dopustne strizne napetosti na meji
kaljene plasti uposteva spremembo mehanskih lastnosti
materiala z globino, posredno z dolo€itvijo meje kaljene
plasti, kakor tudi splosen geometrijski model teles v
stiku. Glavna pomanjkljivost tega kriterija je v omejitvi
izratuna podpovrsinskih napetosti po Hertzu, to je v
elasticnem obmodju materiala in s tem
neupoStevanjem plasti¢nega utrjevanja materiala.

V prispevku opisan postopek dologevanja
dopustne stati¢ne sile kotalnega stika zajema vpliv
plasti¢nega utrjevanja materiala, saj je meja kritiénega
obremenjevanja doloena z rastjo plasti¢ne
deformacije. Lastnosti osnovnega materiala so
popisane z mejo elasti¢nosti, elastiénim modulom in
Poissonovim koeficientom, medtem ko je kakovost
povrSinskega kaljenja ovrednotena z debelino kaljene
plasti in trdoto na povrSini. Popis geometrijske oblike
stika je prilagojen geometrijski obliki naleganja
kotalnega elementa - kroglice in lezajne te&ine
(konveksno - konkavno). Premer kotalnega elementa,
njegovo prilagajanje te¢ini in razmerje polosi velikosti
stiCne elipse opisujejo geometrijsko obliko stika v celoti.

Poleg samega dologanja nosilnosti kotalnega
stika in velikosti sti¢ne povrSine so hkrati s pripravo
preizkusancev potekale tudi raziskave optimalnih
parametrov indukcijskega kaljenja, ki zagotavljajo
dovolj trde in debele kaljene plasti.

4 CONCLUSION

The results represent the beginning of com-
prehensive measurements. They confirm the deci-
sion to look for simpler ways of determining the
static carrying capacity of the rolling contact with
experimentally determined equations. The purpose
of the measurements is to avoid complex math-
ematical and numerical calculations of the contact
mechanics, and to retain all the relevant material
and geometric properties of the surface hardened
rotational connection raceway.

Both criteria mentioned are valid for certain
conditions, which are not completely met in our case.
The criterion of permissible permanent deformation
supposes a completely hardened section of the steel
raceway ring, and requires a very high surface hard-
ness (over 63 HRc). It extends the usable range of
the material over the elastic limit, and can be used to
investigate the general contact of two bodies. It can-
not account for lower quality hardening of the
raceway (softer surface, uneven hardening in sec-
tion), and the change in mechanical properties with
depth, especially on the boundary of the hardened
layer and the base material.

The criterion of the permissible shear stress
on the boundary of the hardened layer indirectly takes
into account the change in mechanical properties with
the depth by determination of the hardened layer limit,
and the general geometric model of the bodies in con-
tact. The main drawback of this criterion is the limi-
tation of the computation of the subsurface stresses
according to Hertz, i.e. in the elastic range of the
material, and consequently the failure to account for
the plastic material hardening.

The procedure for the determination of the per-
missible static force of the rolling contact described
in the article takes into account the influence of the
plastic material hardening, because the critical load
limit is determined by the increase the plastic defor-
mation. The base material properties are described
by the elasticity limit, elastic modulus, and Poisson’s
ratio; the quality of the surface hardening is evalu-
ated by the hardened layer thickness, and the hard-
ness of the surface. The contact geometry descrip-
tion follows closely the geometry of the contact of
the rolling element - the ball and the raceway
(convex - concave). The diameter of the rolling el-
ement, its osculation, and the ratio of the contact el-
lipse axes complete the geometric description of the
contact.

Parallel to the determination of the carrying
capacity of the rolling contact and the size of the con-
tact surface, investigation was also carried out on
the optimal parameters of the induction hardening,
giving an adequately hard and thick layer.
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