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FUNDAMENTALS OF GEAR COMPUTATIONS FOR TOOTHED GEAR LIFE

Summary. The paper is an introduction to the problem of gear
computations for the mesh life to be discussed. At present, it is
accepted that, if mesh life should be in excess of a life correspon-
ding to the limit number of cycles, a material is selected whose
fatigue strength is equal to, or higher than, a load adequate to
the unlimited life. The assumption of unlimited life reveals no
reservation in such cases when a predominant external load is the
steady load, thus producing a constant-amplitude load for the mesh.
Materials subject to the random wide-band load do not show a feature
of unlimited life. The paper presented assumptions for the toothed
gear life computations by accepting a limited fatigue strength
depending on a number of the cycles of changes in load. The above

uestion is presented against a background of the existing procedure
or unlimited life computations.

1. INTRODUCTION

Gears applied in opencast mining especially high-speed stages have
considerably shorter life than complex ones. The reasons for such a state
can be various, however, first of all they result from a way of operation
but they may result from the selection of the constructional characteri-
stics as well. The problem of selection of the constructional characteri-
stisc with regard to the mesh life will be presented in this paper. The
assumption on unlimited mesh life (when the number of cycles of changes
in load exceeds the limit number of cycles) seems to be one of reasons
for the shorter life.

In the carried out considerations on gear computations for toothed gear
life the properties of material subjected to the random wide-band load
show the limited strength independent of the number of cycles of changes
in load. This paper and the work [I] are a attempt of representation of
mutual relations between manner of selection of constructional mesh
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features, reliability and mesh life, diagnostic determination of the mesh
state and forecasting of state.

2. STATE OF MESH LOAD

The starting point for consideration of the mesh life is the kind of
internal or external load of the toothed gear.
The external load of gearcan by classified as:

1 - constant (as prédominat state of load)
2 - variable (random).

The load on teeth of gear is always variable even when constant ex-
ternal load occurs. The constant external load on cylindrical and bevel
gear results in load with constant amplitude pulsing from zero for teeth.
In the planetary gear the tooth of planet under constant external load
are subjected to the alternating load. The mentioned above loads are
narrow-band loads with constant amplitude. When gears operating the
described loads impose one another. Considering internal load the influ-
ence of errors of me3h operation hausings, flexibility of the gear parts
should be taken into account. The errors of mesh operation, flexibility
of a mesh cause that load on tooth is ofwide-band type seein |2 |on
function of stresses at the tooth base. To sum up the random load on mesh
is assumed in the considerations.

The random character of load on mesh involves description of material
properties, which are described by limited strength independent of the
number of cycles of load on mesh.

A material does not show property of unlimited strength when is loaded
relatively low.

3. NOTION OF MESH LIFF

The notion of mesh life is not fully defined. As the starting point
for consideration of notion of mesh life it can be applied the notion of
life and connected with it load capacity defined for rolling bearing.

Under individual life of bearing the number of load changes (number of
rotations) or the number corresponding to the number of hours of effec-
tive operation, which bearing can be operated without first sign of the
material fatigue on ball races or balls is meant.

The laboratory Investigations and operational practice show the consi-
derable scatter of bearing life under identical load conditions.

The appropriate definition of rolling bearing life has been found. It
is defined as life which can be reached by 90% of rolling bearings belon-
ging to the sufficiently large group of rolling bearings. Such a life is
called a nominal life.
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In order to increase reliability of some devices the appropriate cor-
rectional coefficients are introducedwhich enable to define increased
reliability of 95% or 99%.

For rolling bearing the approximate ruleof life is determined. It
says that life 90% is five times lessthat the mean bearing life but the
maximum life is four time greater than the mean life. It seems that mesh
life should be defined similarly. In practice a designer has no data on
material properties basing on them he can not define mesh life with deter-
mined reliability. The designer has most often the average value ZQ or
kQ. The only recommendations [5] and [6] present the other approach.which
will be given in para.

4. DESCRIPTION OF MATERIAU PROPERTIES-MEAN LIFE

The mean life of material subjected to the variable load can be
described by the equation

LSm » conet m

L - number of cycles of changes in load (number of maximums),
2
S - level of stress N/mm

IT maximum values of stresses correspond to the different levels then
their cumulative reaction is taken into account f.ex. Polmgren-Miner
hypothesis, which can bs presented in the simplest way:

(2)

The given above relation can be formulated in the following words.

If a material sample has life expressed by a number of maximums Lt
at a given level Sx and is subjected to N1 changes in load then it
will be utilized its ability to transfer loads in the degree expressed
by the fraction

If the sample is subjected to a load of the level S”, Sg, Sj which
can be composed in a certain sequence then the relation (2) is satisfied.

To ildstrate further utilization of the equations (1) and (2) it is
assumed that a sample is subjected to load of narrow band noise having
mean value equal to O.

For this case the distribution of maximums can be described by Rayleigh
distribution of probability density function p (S). The number of maxi-
mums in a interval of load variation ds amounts to:
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2
p(S) ds = exp _ ds
6 26

6 - standard deviation of stressas.

The total number of maximums for a sample having life T 1is equal (4)
if frequency of changes in loads amounts to f - number of stress tran-
sitions trough 0.

Ni a fo TP(S) ds (C))

The level of damage caused by stress at the level So having band
width dS 1is equal to

\ we <»)

Applying equation (I)

const
Li " TS- ®)

Substituting in (2) expression (5) and (6) we obtained:
;S

1 =1 foT EiSJdS Jo_Z_/ m
T pemetss”  const o B(s)ds @

Thus, we can compute life of an element T

L R — _ ®)
fo(i2"6)mr (i + §)

The obtained result corresponds to a mean life.

The above relation was verified in practice in [3] the obtained scatter
of life is ten times great. Deriving equation (8) the random load and
determinad relation (I) describing the average material properties have
been assumed.

In practice material properties are random. This problem is under
consideration in f4j. The basic parameters describing material properties
are: exponent m, limit number of cycle LO and in case of toothed gsar
corresponding to it bending strength zq -~ and fatigue strength ot sur-

face stresses k0 2
mm
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The following values of m and LQ for hardened material are assumed
the most frequently!

for bending of teeth m »8LQ m 5. 106
for contact strenght m «6U0 - 5. 107

In case of quenched and tempered materials

for bending of teeth m*8L0 » 5. 106
for contact strenght m m3.5 Lq »5. 107

According to AGMA Standard [sj
for bending of tooth m m 5.68 Lq = 6 . 10" - for bavel gear

according to recommendations [6]
for contact strength m m 6j the limit number of cycles-lacks.

Two cases of material behaviour can be determined in the description
of material properties. In case of load on mesh with constant apmlituds
predominantly it shall be assumed that if assumed life of gear is greater
then limit number of cycles of changss in load the theoretical life at
certain load is unlimited. In case of random wide-band load the material
properties are described by the curve (I) within whole range of cycles of
changes in load.

5. FUNDAMENTALS OF DETERMINATION OF EQUIVALENT LOAD AND
EQUIVALENT NUMBER OF CYCLES FOR UNLIMITED LIFE

The methods applied nowadays, for gear life computations are based on
notion of unlimited mesh life.4*hen number of cycles of changes in load
exceeds limit number of cycles).

Given variable load can be reduced to the form of load presented in
Fig. 1 where load given in form of moment 1is grouped from the greatest
to the smallest with determination of number of load cycles.

Making use of equation (1) and (2) the equivalent number of cycle can
be found:

©

where
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1Q - equivalent number of cycles,
tw - required number of cycles,

- load [Jto] corresponding to number of cycles Nfi

Minax “ M1 “ maximum load [NmJ

m - exponent of expression (1)

If equivalent number of cycles Le > Lg, where L - limit number of
cycles then as computionel load is assumed M1 = Mmax where Le < L0 the

computionel load can be determined by means of the formulas

mfl
“tomp “ Mmox \ T

Because additionaly to the load characteristic Fig. 1 the notion of nomi-
nal load M ~ Is used the following equation is applied:

Mcomp “ Kp * inom a1)

where

Kp - overload factor.

Whan thare is no load characteristic to determine factors K the
appropriate tables, f.ex. acc, to f7f table 24 page 136, are uobd. To
determine Kp it is necessary to know kind of driven machine and kind of
driving motor. The given number Kv can be utilized to the computation
of pinion of the single stage. For the wheel gear the numer of cycles is
less respectively and it results from gear ratio, furthermore if number
of changea in load is less than LQ then Kp for gear will be different.

When load characteristic is not known and tables are used, L, » Lo
can be assumed and gear ratio of the stage is equal u then number of wheel
cycles amounts to Lq/u. Whan substituting to the formula (10) and making
use of (11) we obtain

Mcomp “ Kp * v i Mn “ KP2 Mn <12>

d £ 1
KP2 ™ Kp * V u

If load characteristic is known then L~/u should be computed when
le/u > K then Kp * Kpg and when it is less the following relation is
satisfied
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Meomp (13)

Thus the relation (9) and (13) respectively should be applied for the
gear of higher stages.

6. DETERMINATION OF EQUIVALENT LOAD AT THE LIMITED GEAR LIFE

The equivalent load will be determined applying assumption of limited
life within the whole range of mesh life. Thus it is assumed that material
properties are decribed by the curve (I).

The equivalent load can be determined as a result of transformation of
the formula (9) assuming that Le » Lw but Mmax “ Ma*

(14)

The factor Kp 1is different from Kp 1in expression (l1l) because the
method of its computing is different.

When applying the principle of limited strenght the bending and con-
tact material strength can be computed for the defined number of changes
in load taking into account that for particular wheel in gear it is
different t

The required number of cycles for each wheel L~ is derived from the
formula

Lw " Twni * 60 (cVdee) as

4

where
T~ - assumed gear life in hours,

- rotational speed of i - pinion or wheel.

If assuming that contact strength is equal to ko for the limit number
of cycles then contact strength® _amounts to
1

(16)

- contact strength for given wheel or pinion corresponding to num-
ber of cycles L~
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Analogically for bending strength It la obtained

It should be emphasized that exponents In formulae (16) and (17) are
different.

The sources concerning material properties give the mean values of
properties ZQ and KkQ. Thus the determined life will concern the mean
life with 50% reliability. This relation is changed by safety factor I .
The recommendation [s, 6j are the exception to the presented material
properties. The material properties corresponding to the 99% reliability
are assumed here. It is given as well that at 33% reliability properties
of material can be decreased to 0,8 but in order to obtain maximum safety
such properties of material should be assumed which should be increased
by 25% or greater in proportion to properties corresponding to 99% relia-
bility.

The standard [sj recommends to apply safety factor & = 2 this means
to assume material properties 100% greater than those resulting from 99%
reliability. Correlations between those values are illustrated by Fig. 2.
To draw Fig. 2 the exponent m < 5,68 and Iq » 6 . 106 cycles were assumed.
Further it was assumed that material subjected to the random load indica-
tes limited strength that in double logarithm system log Z/Zand log L
gives straight line for the curve (I).

The following interpretation is applied: the line 99% is a line for
which gear in 99% obtains limit number of cycle Lqg m 6 . 106. The line
33% determines that mesh reaches in 33% the limit number of cycles. If
¢sm 2 is assumed then the line determined in this manner reaches 99%
life for 3 . 10 cycles where a » 1 . 25, then gear life will amount to
2 . 107 cycles i.e 99% reliability. The interpretation of recommenda-
tions [5, 6J presented above was extended referring to limited life on
break, the standards recommend unlimited life with regard to break of
bsvel gear. The standards[5, oj respecting computing of contact strength
recommend proceeding such as presented in this paper i.e limited life.

The problem given in this paper, however, concerns meshes generally
but not only bevel gear.

7. SUFMARY

The presented rules on computation of mesh life can be treated as an

introduction to the problem and discussion. In the new devoleped toothed
gears for opencast mines the compumatlons on mesh life were assumed
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according to the given here principle» as valid principles. The princi-
ples of computations of toothed gears life should be reflected in branch
standards.

The recommendations contained in this paper can bs applied provided
that appropriate data on materials are available. They should ba determi-
ned in material investigations of mesh, however, it requires to simulate
random variable loads resulting in wida band load on a tooth.
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Fig. 1. Characteristic curva of mesh load cykl.-cycles
Rys. 1. Krzywa charaktsryzujeca obciezenle zazebienia
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Fig. 2. Relation between realtive strength, reliability and life of the
mesh

Rye. 2. Zalezno$¢ miedzy wzg edne wytrzymatoscia, niezawodnos$cia i1 trwa-
toscia zazebienia

PODSTAWY OBLICZEN PRZEKLADNI ZEBATYCH NA TRWALOSC

St roszczenie

Referat jest wprowadzeniem do dyskusji nad zagadnieniem oblicza¢ za-
zebienia na trwato$¢. Obecnie przVjmuje sie, ze gdy trwatos¢ zazebienia
ma by¢ wieksza niz trwato$¢ odpowiadajgca granicznej liczbie cykli, to
dobiera sie materiat, ktdrego wytrzymato$¢é zmeczeniowa Jeat roéwna lub
wieksza od obcigzenia, ktdremu odpowiada trwato$¢ nieograniczona. Zatoze-
nie nieograniczonej trwatosci nie budzi zastrzezenia w tych przypadkach,
gdy dominujacym obciazeniem zewnetrznym Jest obciazenie state, co daje
dla zazebienia obciazenie statoamplitudowe. Materiaty poddane obcigzeniu
losowemu szerokopasmowemu nie wykazujag whasnosci nieograniczonej trwato-
Sci. W referacie przedstawiono zatozenia do obliczen przektadni na trwa-
+o8¢, przyjmujac ograniczong wytrzymatos¢ zmeczeniowa zalezng od liczby
cykli zmian obcigzenia. Zagadnienie powyzsze przedstawiono na tle ist-
niejagcej metody obliczen na trwato$¢ nieograniczong.
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OCHOBH PACTETOB UPOHHOCTH 3yBHATRX KEPEftAH

Pe3b me

Hokjieu sBjineTCH nparliameHaeii k AacicyccaH hsa npoflAeMoa pacaeTOB npoa-
hocth 3y6aaiHx 3aaenneHH2. B Hacioamee BpeMa caaiaeica, aio npoaHocib 3a-
ijenjieHHH 3aBacaT ot yoiajiooiHoa bbihooahbocth MaiepaaAa. HtoCh npoaHOCTb
sauenxeHHH <5tixa Combine npoHHocia, OTBeaa»nea npeAegjibHOMy aacjiy aaxAOB,
caeAyei noAofipaib TaxoH Maiepaax, yoiajiooiHaa bhhocjihbootb xoioporo paBHa
hjih Sonbme aarpy3Ka, xoiopoa OTBe'taei HeorpaHaneHHaa npoHHOdb. 3aAaHae
HeorpaHH'ieHHoa npoHHOcia He BH3HBajoT BO3paaceHaa b Tex cayaaax, Kor.ua. aomh-
HHpynmaa BHemaaa Harpy3xa HBjiaeica nodoHHHoa. Ana 3aitenxeHaH Taxyn Harpy-
3Ky AaSi nocTOHHHO-KoaeOaTeabHaa Harpy3Ka. Maiepaajibi, noABeprHyme cjiyaaa-
hoB mapoKonoAOOHoa Harpy3Ke, He noKa3HBajoi oboBotb HeorpaHaaeHHoa npoHHOcia.

B AOBaaAe npeAOiaBAeHH AaHHHe ana pacaeioB npoaHocTa nepeAaa, npaaeM
orpaHHHeHHaa ycTaxoc®"THaa BUHocAHBocTb aaBacai ot aacjia itHKjioB aaaeHeHaa
Harpy3KH. BumenepeaacxeHHue npofixeMH npeACiaBxeHH aa $0He cymecTByi>nero
MQTOAa paoaeioB HeorpaHaaeHHoa npoaHocia.



