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Rezumat. Avand in vederezmajoritatea avariilor nior Abstract. Having in view that the most damages of gears
dintate se datoreazruperilor la oboseala de incovoiere, are due to fatigue breakdown (rupture) and benditegl
alegerea lurilor pentru angrenaje cementate se faceselection for case-hardened gears is achieveddotngt
pornind de la acest criteriu. In lucrare sunt pnéaie unele  from this criterion. Within this paper, several esfs
aspecte privind alegereateturilor pentru rd dintate  concerning steel selection for case-hardened gears,
cementate pe baza criteriului de rezigtda oboseala de grounds of bending fatigue breakdown criterion.
Thcovoiere.

Rezisterma la oboseala a unuied cementati calit Endurance strength of case-hardened and hardened
depinde foarte mult de starea de tensiuni rezidwealiea steel depends a lot on the induced residual tersiae,
acele tensiuni ,inghate” care se ggesc intr-o pigs i.e. those “frozen” voltages existing within a case

cementat si cilita. hardened and hardened item.

Cuvinte cheie:roti dintate cementatealire, tensiuni, Keywords: case-hardened gears, hardening, stresses,
alegerea lurilor steel selection

1. Introducere 1. Introduction
In literatura de specialitate se Intafteeo mare Specialty literature presents a large variety of

varietate de metode de calcul al angrenajelor la&alculation methods for gears based on bending
ruperea dintelui prin oboseala, care difatat prin  fatigue stress, differing both by the admitted
ipotezele de calcul admise cditprin rezisterele calculation hypotheses and permissible strengths,

admisibile, coeficieti de siguram, coeficienii safety factor, coefficients of impact and load
dinamici si de repartizare a sarcinii, prin distribution, by introducing some special
introducerea unor coeficigrspeciali etc. coefficients, etc.

Cauza principal a acestei mari diversit Main reason of this high diversity has to be

trebuie atribuii pe de o parte complekiti acestui  assigned, on the one hand, to the complexity of thi
organ de m@na, iar pe de ait parte cercatilor machinery and on the other hand, to the theoretic
teoreticesi experimentale ale capatit portante a and experimental researches concerning carrying
angrenajelor, pornind de la diferite valori ale capacity of gears, starting from different
rezisteelor admisibile si ale coeficiefilor de  permissible strengths and safety factor values for
sigurana cu care au fost determinate rezigtkn which permissible strengths have been determined.
admisibile. Da& pentru raile dintate, Tmbuatatite  If for improved, or depth hardened gears the values
sau dlite patruns, valorile rezisteai la obosedlsunt  of fatigue strength are given within the specialty
date cu o buh aproximaie in literatura de literature with a good approximation, this is not
specialitate, nu acalalucru este valabiki pentru  valid for case-hardened steels too, where the salue
oteluriie de cementare, unde valorile ,sunt“are approximated” according to the designer or the
aproximate” in fungie de experieqa proiectantului respective company’s experience. If the designer is
sau a firmei respective. Dagroiectantul nu este not limited by space, weight or price, for avoiding
limitat de spéu, greutate sau prele cost, el poate the need of a good metallurgical steel quality, he
supradimensiona angrenajul pentru a evitamay oversize the gear.
necesitatea unei cdilit de ael bune.

In contextul actual, de cele mai multe ori, fie In the present context, in the most of situations,
costul excesiv, fie presctipe impuse determih  either excessive costs or imposed specifications
alegerea materialului ,cel mai economic” pentrudetermine the selection of “the most economic”

care sunt ofinute performatele cerute. material, leading to the required performances.

Otelurile de cementare comBirmaximum de Case-hardened steel combines maximal surface
duritate superficial si rezistema la uzui cu  hardness and wear hardness with core tenacity and
tenacitatea in mieg rezistena lasocuri. impact resistance.
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Continuturi mai mici de carbon asigur
plasticitatea maxigfy in timp ce cotinuturi mai
ridicate de carbon asiguro duritate mai mare in
miez. Trebuie precizat, tafiy ca proprietitile de
utilizare a miezuluisi stratului cementat sunt
determinate de tipul tratamentului termic aplicat.

Avand n vedereimajoritatea avariilor ndor
dintate se datoreaz ruperilor la oboseala de
incovoiere, alegerea taurilor pentru angrenaje
cementate se face pornind de la acest criteriu.

2. Conditii de utilizare a criteriului
Alegerea narcii de ael in funcaie de rezisteta
la oboseadl se face in dausitugii:

- da@ nu este necesaml capacitate de iacare
maximg, criteriul de bax este duritatea Tn strat,
urmarindu-se okinerea unei duriti de maximum

Lower carbon contents assure a maximal
plasticity, while higher carbon contents assure
higher core hardness. It has been mentioned that
using properties of the core and case-hardened shee
are determined by the applied heat treatment.

Having in view that the most gear failures are
due to bending fatigue breakdown, steel selection
for case-hardened gears stars from this criterion.

2. Conditions of using the criterion
Steel trademark selection according to the
bending-stress durability may be made in two
situations:
- if a maximal loading capacity is needed, basic
criterion is the sheet hardness, having in view the
obtaining of a minimal hardness of 57 HRC,

57 HRC, ceea ce ar corespunde unei bune which corresponds to a good bending-stress
rezistete la oboseala de fincovoiere. Pentru durability. Therefore, having in view the item

aceasta, avand in vedere tipul piesei, (roata#éin
sau pion), modul deicire si modulul danturii, se
poate determina viteza décire (figura 1), in
functie de care se poate alege margalubui
pentru un anumit camut de carbon din stratul
superficial si modul de élire (calire direct sau
dublid) conform tabelului 1.

type (gear or pinion), cooling manner and
toothing module, the cooling rate (figure 1) may
be determined according of which, the steel
trademark, for a certain carbon content of the
surface layer and hardening manner (direct or
double hardening) may be determined, according
to table 1;

Tabelul 1. Alegerea #ncii de gel pentru un anumit coimut de carbon din stratul superficgimodul de élire

(calire direct sau dubd) In funaie de viteza deicire

Table 1. The selection of the steel type for aagentarbon content in the superficial layer anthanhardening mode

(direct or double hardening) function the cooliater

Direct hardening Double hardening
20Mn10 20Mn10 20Mn10 20Mn10 20Mn10 20Mn10
15C08 15C08 15C08 15C08 15C08 15C08
18MnCr10 18MnCr10 18MnCr10 21TiMnCr12 21TiMnCr12 T2¥UnCr12
16CrMn12 16CrMn12 16CrMn12 21TiMnCr12 21TiMnCr12 T2¥UnCr12
16CrMn12 16CrMn12 16CrMn12 21TiMnCr12 21TiMnCr12 T2¥UnCr12
21TiMnCr12 21TiMnCr12 21TiMnCr12 12CrMo12 12CrMo12 12CrMo12
21TiMnCr12 21TiMnCr12 21TiMnCr12 12CrMo12 12CrMo12 12CrMo12
12MoMnCr13 12MoMnCr13 12MoMnCr13 20CrNi15 20CrNi15 20CrNil15
18MoCrNil13 18MoCrNi13 18MoCrNi13 18MoCrNil13 18MoCi18 18MoCrNi13
18MoCrNil13 18MoCrNi13 18MoCrNi13 18MoCrNil13 18MoCi18 18MoCrNi13
18MoCrNil13 18MoCrNi13 18MoCrNi13 17CrNiMo6 17CrNiNo 17CrNiMo6
18MoCrNil13 18MoCrNi13 18MoCrNi13 17CrNiMo6 17CrNiNo 17CrNiMo6
18MoCrNil13 18MoCrNi13 18MoCrNi13 17CrNiMo6 17CrNiMo 17CrNiMo6
18MoCrNil13 18MoCrNi13 18MoCrNi13 17CrNiMo6 17CrNiMo 17CrNiMo6
18MoCrNil13 18MoCrNi13 18MoCrNi13 20MoN:i35 20MoN:i35 20MoN:i35
18MoCrNil13 18MoCrNi13 18MoCrNi13 20MoN:i35 20MoN:i35 20MoN:i35
17CrNiMo6 17CrNiMo6 17CrNiMo6 20MoN:i35 20MoN:i35 200Wi35
17CrNiMo6 17CrNiMo6 17CrNiMo6 20MoN:i35 20MoN:i35 200Wi35
20MoN:i35 20MoN:i35 20MoN:i35 13CrNi30 13CrNi30 13CB0

in cazul in care este necesar capacitate de
incircare maxim a angrenajului, iar conglle de

- if a maximal loading capacity of the gear is rezkd
and stress conditions are special ones, steel
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solicitare sunt deosebite, alegere@am din otel trademark selection is much more complex and has
este mult mai compléxi are in vedere mai myl in view several factors, such as: influence of
factori, dintre care amintim: influgan compoziei chemical composition, smelting manner, influence

chimice, a modului de elaborare, inflgan of inclusions, of transition temperatures etc.
incluziunilor, a temperaturii de tranis, etc.

Hardened steel gears
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Figura 1. Determinarea vitezei diire n funeie de modul deacire si de modulul danturii: @) roatintati; b) pinion.
Figure 1. Cooling rate determination accordingh® ¢ooling manner and toothing shape: a) gearinrp

Unul dintre factorii care influgraz foarte mult One of the factors very much influencing gear
rezistema la obosedl a angrenajelor este starea defatigue is the state of residual tension whichitsat
tensiuni remanente, care la randul ei este detatinin turn, is determined by the steel trademark and
de marca detel si de condiiile tehnologice. technological conditions.

3. Stiri de tensiune oltinute prin cementare 3. Induced stress resulted from case-

si cilire hardening and hardening

Rezisterma la oboseala a unuted cementai Endurance strength of case-hardened and
calit depinde foarte mult de starea de tensiunihardened steel depends a lot on the induced résidua
reziduale, adi acele tensiuni ,inghate” care se tension state, i.e. those “frozen” voltages exgstin
gasesc intr-o pigscementat si cilita. within a case-hardened and hardened item.

in cazul cel mai general, conform figurii 2, In the most general case, according to figure 2,
intr-o epruvet cu concentrator pentru incercarea lain a concentrator proof sample for the rotating
oboseala de fincovoiere rotdtivoutem distinge bending-stress durability, the following residual
urmatoarele tensiuni reziduale: tensions may be distinguished:

Figura 2. Tensiuni reziduale intr-o epruvet concentrator pentru incercarea la obosealacd®diere rotatiy
Figure 2. Residual tensions in a concentrator psaafple for rotating bending stress durabilityitest

- tensiuni pur structurale; - pure structural voltages

- tensiuni datorate vatieai cortinutului de carbon - voltages due to carbon content variation in the
n stratul cementat (a); case-hardened layer (a)

- tensiuni termicei structurale (b); - thermal and structural voltages (b)

- tensiuni mecanice. - mechanical voltages.
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Dintre cele patru tipuri de tensiuni, numai Out of the four voltage-types, only thermal and
tensiunile termicei structurale depind de marca de structural voltages are depending on the steel
otel, celelalte fiind pur tehnologice. Valoarea trademark, the other voltages being pure
tensiunilor termice si structurale depinde de technological ones. Thermal and structural voltage
valoarea raportului tensiunilor structuralgi values depend on the structural — thermal voltages
tensiunilor termice, care la randul lor depind deratio, which on their turn depend on the following

urmatorii factori: factors:
- o difuzivitate termia cat mai mare; - thermal diffusivity as high as possible;
- 0 varigie puterni@ a curbeiHV = f (At700300); - a strong variation of the curvdV = f (At700300);
- 0 dilatare termigt mare; - a high thermal extension;
- 0 valoare ridicat a temperaturii (Ms); - a high temperature value (Ms);
- geometriggi dimensiunile piesei etc. - the item’s geometry and sizes, etc.
Deoarece tensiunile remanente nu potagiep Because residual tensions may not exceed the

limita de curgere, ele pot fi cu atat mai mari @& c yield point, they may be just as large as the yield
limita de curgere este mai mare. De precizat ¢ point is higher. It is to remark that if the yigddint
daa limita de curgere scade rapid cu temperaturafast decreases with the temperature, the value of
valoarea tensiunii remanente va fi mai #ic residual tension will be lower, because the mdteria
deoarece materialul se poate ,adapta”’ prin curgerenay “adapt” by plastic yield (flow) even during
plastici chiar in timpul &lirii. hardening.

Prin urmare, duritatea din miezul unui dinte Consequently, the hardness of teeth may
poate 8§ imburitateaséd comportarea la oboséah  improve or not the behavior to stress of a gear,
unui angrenaj sau nu, in fuiede factorii aminti, according to the above mentioned factors, but,
dar ridicd in general capacitatea de dreare in  generally increases loading capacity on the limited
domeniul durabilitii limitate si scade rezistea la  durability field and decreases resistance to dyoami

solicitarea dinamit. loading.
4. Tendinte si preocupiri privind cre sterea 4. Trends and concerns for increasing
rezistentei la oboseala de incovoiere bending-stress durability
Din punctul de vedere al preodciujor Tn From the point of view of the concern for

vederea adafptii tehnologiilor si condiiilor de  adapting treatment technologies and conditions, in
tratament, in Europa o mare aiense acordl Europe a high attention is paid to the levels of
nivelului de tensiuni introduse Tn piesa tratatat in ~ voltages induced within a treated item both
privinta deformdilor cét si in ceea ce prisge  concerning strains and durability increases.
cresterea durabilitii.

In S.U.A., acest aspect este neglijat, acordandu- In the U.S.A. this aspect is neglected, paying
se 0 atetie deosebit mai ales uzurii la rodare, care special attention to lapping wear, which assures
asigus adaptarea supratdor. surface adaptations.

In Japonia, mai ales prin aplicarea tratamentelor In Japan especially by applying heat treatments
termice la temperatura jaasse oline o importanta at low temperature, an important state of tensions,
stare de tensiuni reproductibilsi controlabik, repeatable and controllable, associated to a pedcti
asociai cu o deformge la tratamentul termic, negligible deformation during heat treatment [1, 2]
practic neglijabd [1, 2]. Adancimile straturilor The thickness of case-hardened layers is much
cementate sunt apreciabil mai miciafale situgile lower than similar in Europe and U.S.A. and it is
similare din Europgi S.U.A.si sunt compensate de compensated by a very high surface hardness (min.
o duritate superficiélfoarte ridicat (min. 62 HRC) 62 HRC) and with an execution of high accuracy.
si 0 exectie la un inalt grad de precizie.

In Rusia, continal a se utiliza luri cu Tnalt In Russia there goes on to use high degree
grad de aliere, care asiguo buri rezistemi la  alloyed steels, providing a good fatigue resistance
oboseal. Adancimile straturilor cementate sunt in Case-hardened layers depths are generally much
general cu mult mai mari, dar prezinb duritate  higher, but present a much lower hardness (54 + 58
superficiah cu mult mai mig@ (54 + 58 HRC), HRC), obtained by tempering, this providing a good
obtinuta prin revenire, ceea ce asiguw buri rodare  lapping wear, thus a good surface adaptation.
si deci o buid adaptare a supraéor.
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Prin urmare, grii de tensiuni remanente nu i se Consequently not everywhere in the word, the
acordi aceeg atertie pretutindeni, problema same attention is paid to residual tension, the
cresterii rezistemei la oboseala de incovoiere fiind question of increasing bending-stress durability

soluionat pe ci diferite. being solved on different ways.
5. Influenta stirii de tensiuni asupra 5. Influence of the tension state on the
comportirii angrenajelor in exploatare behavior in service of gears
Incercirile efectuate au urinit influenta strii The tests carried out have studied the influence

de tensiune remanentasupra caracteristicilor of the residual tension state on the mechanicabusi
mecanice de utilizare a angrenajelor cementate difeatures of case-hardened gears made of 18MoCr10,
18MoCrl10, STAS 791-80. STAS 791-80.

Valoarea girii de tensiune remanenta fost The value of residual tension has been
determinat pe epruvete cilindrice pe baza determined on cylindrical proof samples, on
criteriului de similitudine [3] cu metoda Sachs- grounds of the similitude criterion [3] by the Sach
Mesnager [4]. Mesnager method [4]

Folosindu-se epruvete pentru oboseala cu By using the concentrator test sample for stress
concentratorsi lise si epruvete pentru rezilig@ and bars and proof samples for case-hardened and
cementatssi calite pentru care s-a ugmt obtinerea  hardened resilience, having in view to obtain dhig
unei siiri de tensiune ridicate (min. 300 N/fyns-a tension (min. 300 N/mf), both an increase of
constatat atat o gere a rezistgri la oboseala de bending-stress durability and an increase of their
incovoiere, cé§i o crestere a ,rigidititii” acestora. “rigidity” has been observed.

Solicitarile din  domeniul de rezistgh Loads from the field of unlimited stresses (10
nelimitate (107 cicluri) arato cretere importarta  cycles) are showing important increases of
rezistenei la oboseala, fiind cu 25 + 30% superioaredurability stress, being at 25 + 30% higher to the
epruvetelor detensionate considerate ca etaion, tension released proofs, considered as gauges,
prezin& o buri grupare a rezultatelor. presenting a good grouping of results.

La solicitarile din domeniul rezistgri limitate, For loads on the field of limited resistances,
domeniu ce preziat interes pentru angrenajele field presenting interest for gears of gear boxes,
cutiilor de vitez, se constatin general aproximativ generally, approximately the same increase is found
aceeai crestere, dar crge Timpéistierea rezultatelor out, but scattering of results increases, espgdiall
mai ales pentru epruvetele cu concentrator. concentrator proof samples.

in domeniul solic#rilor aligociclice, rezistea On the field of aligo-cyclic loading, bending-
la oboseala de incovoiere prezirdvantaje pentru stress durability presents advantages for certain
anumite variante de tratament pentru epruvetede listreatment variants for bar proof samples, not agein
si nu imburatateste sau chiar migpreaa rezistega la  or even reducing the bending-stress durability of
oboseala de incovoiere a epruvetelor cu concentratoconcentrator proof samples.

Avand in vedere & domeniul solicirilor Having in view that the field of aligo-cyclic
aligociclice caracterizedzel mai bine comportarea loads feature in the best way gears behavior to
angrenajelor la soliditi cu socuri si suprasarcini, impacts and overloads, tests concerning material
au fost #ficute determidri privind tenacitatea tenacity in case-hardened and hardened state have

materialului Tn stare cemeniai calita. been carried out.

Rezultatele Tnceitilor efectuate au permisis Test results allowed make following
se fad urmatoarele obsenta: considerations:

- cresterea adancimii de cementare duce laterea - increase in hardening depth leads to increase in
rezistenei la oboseala de incovoiere rotatidar rotating bending-stress durability, but reduces the
scade portantgi suprasarcina dinamniic Acesta carrying capacity and dynamic overload. This
este rezultatul cggerii tensiunilor datorate vatiei results in tension increase due to the carbon
corntinutului de carbon din stratul cementat; content variation in the case-hardened layer;

cresterea duriitii miezului si stratului cementat, - increase in core and case-hardened layer resgstan
printr-o clire energi@ corespunzoare vitezei de by using a strong hardening, according to cooling
racire la 3 + 5 mm de caful probei Jominy, duce la  rates of 3 + 5 mm at the end of Jominy’s test,
cresterea rezistgri la oboseala de incovoiere, dar leads to bending-stress durability increase, but
scade n prop@e cu mult mai mare suprasarcina dynamic overload decreases in a much higher
dinami@a. Aceasta poate fi atribéit efectului proportion. This may be done to the favorable
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favorabil al creterii limitei de curgere pe taat effect of the increase of flowing rate on the whole

segiunea epruvetei asupra rezigeria obosealai proof sample’s section on the fatigue stress and
scaderii corespungoare a tenagitii; the accordingly decrease of tenacity;

- saderea durittii miezului, pentru aproximativ - reducing core hardness for approximately the
acelai continut de carbon din miezi aceea same carbon content of the core ad the same depth
adancime de strat cementat, duce la ade® of case-hardened layer, leads to an important
important a rezistetei la oboseala, asociatu o decreasing of endurance strength, associated to a
crestere pronurata a solicitirii dinamice. Analiza pronounced increase of dynamic stress.
metalografi@ arati ca in miez s-a almut in Metallographic test shows that in the core, almost
aceste condi o structua aproape exclusiv de  exclusively, an upper balnit structure and in the
bainita superioar iar in strat s-a amut o layer, a martensite structure with traces of lower
structus martensiti@ cu urme de bainit balnit has been obtained. This constituent within
inferioal. Acest constituent din stratul cementat the case-hardened layer seems to be responsible
se pare £ este responsabil deasierea importait for the important decrease of endurance strength.
a rezistetei la obosedal Interes preziat si Of a special interest are also the observations

observaile facute numai prin analiza rezultatelor made only by checking the results obtained for
obtinute la incercarea lasoc a epruvetelor the impact test of case-hardened and hardened

cementatsi calite la durigti diferite ale miezului. proof samples with different core hardness. These
Acestea au fost introduse pe aceegrji din have been introduced in the same charge resulted
aceea bam de ael — 18MoCr10, variga durittii from the same steel bar — 18 MoCr10, hardness

miezului fiind determindgt in exclusivitate de variation of the core being determined exclusively
condiile de recirculare a uleiului cu o by the recycling conditions of the oil having
temperatur de 706C; temperature of 7C;

- comportarea elastia epruvetelor este determiat - the elastic behavior of proof samples is detegahin
de starea de tensiuni remanente. Epruvetele by the residual tension state. Stress removed proof
detensionate prezib tenacitate mai ridicata decat samples are more tenacious than those with
cele cu tensiuni remanente. Ac&aapreciere s-a residual tensions. This appreciation has been made
facut avand in vedereicenergia de rupere este having in view that breaking energy represents the

suprafga totafi de sub curba caracterigtjcefort total surface under the characteristic curve, unit
unitar — deformge. Asadar nivelul giri de stress — deformation. Thus, the residual tension
tensiuni remanente modificomportarea elastia state level modifies elastic behavior of case-
pieselor cementatg cilite; hardened and hardened items;

- cu craterea adancimii stratului cementat scade- by increasing the case-hardened layer, tenaéity o
tenacitatea epruvetelor. Aceasta adgre se proof samples decreases. This decrease is due to
datoreai cresterii limitei de elasticitatgi sciderii the increase of elasticity limit and decrease ef th
propotiei constituegilor mai tenace ai miezului; core’s strong components;

- solicitarile dinamice presupun o mare tenacitate a dynamic stresses presume a high tenacity oerbett
materialului, care nu totdeauna poate fi asigurat said, a minimal tenacity of the material, which not

prin lucrul mecanic de deformare plastiMiezul always can be assured by the deformation energy.
poate asigura o deforma plasti@ in funaie de Core may assure a plastic deformation, according
caracteristicile mecanice proprgi de starea to its own mechanical features and the state of
remanert de tensiuni. De precizat anaterialul residual tension. It has to be specified that the
ales, cu un caimut de mangagi crom spre limita selected material, having manganese and
inferioal, a permis realizarea incéridor pentru chromium contents near to the lower Ilimit,
0 stare de tensiuni de compresiune in stiat d allowed to achieve test for a compression tensions
ajunge la o schimbare de sensaiistle tensiuni state, without leading to a reversal of the layer's
din strat. tensions.
6. Concluzii 6. Conclusions
Cresterea rezistgei la oboseala de incovoiere Increases in bending-stress durability of gears

a angrenajelor este un lucru cgirjpoate constitui is a fact and may result in an important gain, when
un important cgtig atunci cand solicitile dinamice  dynamic loading has relative low values or may be
au valori relativ mici sau pot fi diminuate prin reduced by increase of the gear’s accuracy.
cresterea preciziei angrenajelor.
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Un nivel ridicat al tensiunilor remanente duce

la o crgtere accentuata rezistetei la oboseal dar
prezink o comportare mai rig@ a dintelui,
favorizdnd apatia defectelor la suprasolicitarea
dinamia.

Un nivel sd@zut al sirilor de tensiuni
remanente permite comportarea mai elast&
dintelui si o antrenare a soliéiti dinamice. Pe
masu@ ce angrenajul funoneaz, angrenarea
devine mai lir.

Valoarea, sensulsi uniformitatea strii de
tensiuni influepeaz  puternic  deformge
angrenajului [3].

Deformarea plastic remanerit suferit de un
angrenaj poate modifica mult geometria deci
condtile de angrenare, ducand la gerea
pronunati a solicitirilor dinamice. In aceste sittia

alegerea unui material cu caracteristici mecanicenaterials

superioare este unica stéu
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