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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance with
editorial ruyles of the ISO/IEC Directives, Part 2. www.iso.org/directives
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Introduction

When ISO 10300:2001 (all parts, withdrawn) became due for (its first) revision, the opportunity was
taken to include hypoid gears, since previously the series only allowed for calculating the load capacity
of bevel gears without offset axes. The former structure is retained, i.e. three parts of the ISO 10300
series, together with ISO 6336-5, and it is intended to establish general principles and procedures for
rating of bevel gears. Moreover, ISO 10300 (all parts) is designed to facilitate the application of future
knowledge and developments, as well as the exchange of information gained from experience.

In view of the decision for ISO 10300 (all parts) to cover hypoid gears also, it was agreed to include a

sep
met
an
ISO

hrate clause: “Gear tooth rating formulae — Method B2” in this part of ISO 10300, while
hods B and B1 were combined into one method, i.e. method B1. So, it became necessary
bw, clearer structure of the three parts, which is illustrated in ISO 10300-1:2014,-Figu
10300 (all parts) gives no preferences in terms of when to use method B1 and when met

the former
to present
re 1. Note,
nod B2.

Failure of gear teeth by breakage can be brought about in many ways; severeinstantaneoug overloads,
excessive pitting, case crushing and bending fatigue are a few. The strengthi.ratings determ]ned by the
formulae in this part of ISO 10300 are based on cantilever projection theory modified to cpnsider the
follpwing:

compressive stress at the tooth roots caused by the radial component of the tooth load;

non-uniform moment distribution of the load, resulting from'the inclined contact lines dn the teeth
of spiral bevel gears;

stress concentration at the tooth root fillet;
load sharing between adjacent contacting teeth;

lack of smoothness due to a low contact ratio.

The
life
can
by 1
maf

the design
, a fracture
ot covered
onal blank

formulae are used to determine a load rating, which prevents tooth root fracture during
pf the bevel gear. Nevertheless, if there is insufficient material under the teeth (in the rim)
occur from the root through thé 5im of the gear blank or to the bore (a type of failure 1
his part of ISO 10300). Morgover, it is possible that special applications require addit
erial to support the load.

jcentration
e effects is

Sur
aro
con

face distress (pitting or-wear) can limit the strength rating, either due to stress cof
ind large sharp cornered pits, or due to wear steps on the tooth surface. Neither of thes
Kidered in this partef [SO 10300.

Inn
loaq
roo

nost cases, the_ maximum tensile stress at the tooth root (arising from bending at the rodt when the
| is appliedto-the tooth flank) can be used as a determinant criterion for the assessment ¢f the tooth
[ strength,Af the permissible stress number is exceeded, the teeth can break.

When €alculating the tooth root stresses of straight bevel gears, this part of ISO 10300 starfs from the
assyuniption thattheload is applied at the tooth tip of the virtual cylindrical gear. The load is supsequently
converted to the outer point of single tooth contact. The procedure thus corresponds to method C for the
tooth root stress of cylindrical gears (see ISO 6336-3[1]).

For spiral bevel and hypoid gears with a high face contact ratio of eyg > 1 (method B1) or with a modified
contact ratio of eyy > 2 (method B2), the midpoint in the zone of action is regarded as the critical point
of load application.

The breakage of a tooth generally means the end of a gear’s life. It is often the case that all gear teeth are
destroyed as a consequence of the breakage of a single tooth. A safety factor, Sp, against tooth breakage
higher than the safety factor against damage due to pitting is, therefore, generally to be preferred
(see ISO 10300-1).

© IS0 2014 - All rights reserved
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Scope

5 part of ISO 10300 specifies the fundamental formulae for use in the tooth rootstress
fraight and helical (skew), Zerol and spiral bevel gears including hypoid gears, with a mi
kness under the root of 3,5 mmyp. All load influences on tooth root stress atre’included

calculation
himum rim
insofar as

 are the result of load transmitted by the gearing and able to be evaluated-guantitativelly. Stresses,

h as those caused by the shrink fitting of gear rims, which are superposed on stresses d
ling, are intended to be considered in the calculation of the tooth ropt stress, of, or the j
h root stress opp. This part of ISO 10300 is not applicable in the a@ssessment of the so-d
hkage, a tooth internal fatigue fracture (TIFF).

formulae in this part of ISO 10300 are based on virtual cjlindrical gears and restrict

I's whose virtual cylindrical gears have transverse contact/ratios of eyq < 2. The result
hin the range of the applied factors as specified in ISO 10300-1 (see also ISO 6336-3[11). A
given relationships are valid for bevel gears, of whigh-the sum of profile shift coefficienf
wheel is zero (see ISO 23509).

5 part of ISO 10300 does not apply to stress levels above those permitted for 103 cycles,
nat range could exceed the elastic limit of the“gear tooth.

Lie to tooth
ermissible
alled flank

bd to bevel
s are valid
ditionally,
s of pinion

As stresses

rning — The user is cautioned that when the formulae are used for large average mjean spiral

les (Bm1 + Pm2)/2 > 45°, for effective pressure angles ae > 30° and/or for large fg
13 mmp, the calculated resultsof1SO 10300 (all parts) should be confirmed by exp

Normative references

following documents))in whole or in part, are normatively referenced in this docume

ce widths
brience.

nt and are

spensable to its dpplication. For dated references, only the edition cited applies. F¢r undated

rences, the latest’edition of the referenced document (including any amendments) applig
1122-1, Voegbulary of gear terms — Part 1: Definitions related to geometry
6336-5;-Calculation of load capacity of spur and helical gears — Part 5: Strength and quality

10300-1:2014, Calculation of load capacity of bevel gears — Part 1: Introduction and gener

e

S.

f materials

nl influence

facters

ISO 10300-2:2014, Calculation of load capacity of bevel gears — Part 2: Calculation of surface durability
(pitting)

ISO

3

23509:2006, Bevel and hypoid gear geometry

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1122-1 and ISO 23509
(geometrical gear terms) and the following apply.

© IS0 2014 - All rights reserved
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3.1

tooth root breakage

failure of g

3.2

ear teeth at the tooth root by static or dynamic overload

nominal tooth root stress

OF0

bending stress in the critical section of the tooth root calculated for the critical point of load application
for error-free gears loaded by a constant nominal torque

3.3

tooth rooff stress

OF
determina
load applic

3.4
nominal s

OF lim
maximum
conditions

3.5
allowable

OFE
maximum
elastic

3.6

permissiblle tooth root stress

OFp
maximum

4 Symb

For the pur
aswell as t

5 Gene

There are

ht bending stress in the critical section of the tooth root calculated for the critical-poir
htion including the load factors which consider static and dynamic loads and load’distribu

fress number

tooth root stress of standardized test gears and determined at-standardized opera
as specified in ISO 6336-5

stress number

bending stress of the un-notched test piece under the)assumption that the material is f|

footh root stress of the evaluated gear set including all influence factors

ols, units and abbreviated-terms

poses of this document, the symbols and units given in Table 1 and Table 2 of ISO 10300-1:2
he abbreviated terms given in Table 1 of ISO 10300-2:2014, apply (see ISO 6336-5).

ral rating proeedure

two mainwiethods for determining tooth bending strength of bevel and hypoid ge

method B1
factors w

bevel and hypéid gears; method B2 partly has different sets of formulae for bevel gears and for hy
gears (see J.4

h[ch aresequal for both methods. With method B1, the same set of formulae may be used

and method B2. They are provided in Clauses 6 and 7, while Clause 8 contains those influg

t of
fion

[ing

ully

D14,

ars:
nce
for

for general aspects).

;I)oid

With both methods, the capability of a gear tooth to resist tooth root stresses shall be determined by the
comparison of the following stress values:

— tooth root stress of, based on the geometry of the tooth, the accuracy of its manufacture, the
rigidity of the gear blanks, bearings and housing, and the operating torque, expressed by the tooth

root st

ress formula (see 6.1 and 7.1);

— permissible tooth root stress orp, based on the bending stress number, ofim, of a standard test
gear and the effect of the operating conditions under which the gears operate, expressed by the
permissible tooth root stress formula (see 6.2 and 7.2).

© ISO 2014 - All rights rese
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NOTE In respect of the permissible tooth root stress, reference is made to a stress “number”, a designation
adopted because pure stress, as determined by laboratory testing, is not calculated by the formulae in this part
of ISO 10300. Instead, an arbitrary value is calculated and used in this part of ISO 10300, with accompanying
changes to the allowable stress number in order to maintain consistency for design comparison.

The ratio of the permissible root stress and the calculated root stress is the safety factor Sg. The value of
the minimum safety factor for tooth root stress, Sg,min, should be > 1,3 for spiral bevel gears. For straight
bevel gears, or where S, < 5° S min should be 2 1,5.

Itis recommended that the gear designer and customer agree on the value of the minimum safety factor.

Tooth-breakageusuallyendstransmissionservice life-The destructionofall gearsinatransmission can
3 consequence of the breakage of one tooth, then, the drive train between input and oufput shafts
imterrupted. Therefore, the chosen value of the safety factor, Sy, against tooth breakagd should be
carg¢fully chosen to fulfil the application requirements (see ISO 10300-1 for general cemments on the
chojce of safety factor).

6 |[Gear tooth rating formulae — Method B1

6.1 Tooth root stress formula
The calculation of the tooth root stress is based on the maximuin bending stress at the tooth root. It is
detérmined separately for pinion (suffix 1) and wheel (suffix.2); in the case of hypoid gears, ajdditionally
for drive flank (suffix D) and coast flank (suffix C):

OF-B1 = Or0-81K A Ky K Kpo <Opp.p1 (1)

with the load factors Ka, Ky, Krp, Krq as specified:;in'1SO 10300-1.

© ISO 2014 - All rights reserved 3
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The nominal tooth root stress is defined as the maximum bending stress at the tooth root (30° tangent
to the root fillet):

F.
OFo-B1 = Vg, YsaeVps Yis (2)
v mn

where

Fymt is the nominal tangential force of the virtual cylindrical gear which should be in accordance
with Formula (2) of ISO 10300-1:2014;

by s the face width of the virtual cylindrical gear calculated for the active flank, drive or ¢ofst
bide, as specified in ISO 10300-1:2014, Annex A;

Yra Is the tooth form factor (see 6.4.1), which accounts for the influence of the tooth-form on the
hominal bending stress at the tooth root for load application at the tooth tip;

Ysa  1s the stress correction factor (see 6.4.2), which accounts for the stress iricreasing notch
effect in the root fillet, as well as for the radial component of the tooth load and the fact that
he stress condition in the critical root section is complex, but not ferthe influence of the
bending moment arm;

Ye s the contact ratio factor (see 6.4.3), which accounts for the €conversion of the root stress
letermined for the load application at the tooth tip to the-determinant position;

YBs 1s the bevel spiral angle factor, which accounts for smaller values for I, compared to the
otal face width, by, and the inclined lines of contact(see 6.4.4);

YLs Is the load sharing factor, which accounts for lead distribution between two or more pairf of
eeth (see 6.4.5).

The determinant position of load application is:
a) the oufer point of single tooth contact, if&yg = 0;
b) the mifpoint of the zone of action,if evp21;

c) interpgplation between a) and b);if 0 < eyg < 1.

6.2 Permissible tooth oot stress

The permisgsible tooth root stress, ofp, shall be calculated separately for pinion and wheel. The values
should preferably be'evaluated on the basis of the strength of a standard test gear instead of a prismfatic
specimen, which<deviates too much with respect to similarity in geometry, course of movement pnd
manufactulre.

OFp.B1 —OTE YNT YSrelT-BT YRrelT-BT IX (3)

4 © ISO 2014 - All rights reserved
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OFpB1 =OFlim YST YNT Y§relT-B1 YRrelT-B1 Yx (4)
where

OFE is the allowable stress number (tooth root);

OFE = OFlim1,2 YsT, is the basic bending strength of the un-notched specimen under the
assumption that the material (including heat treatment) is fully elastic;

OF,lim is the nominal stress number (bending) of the test gear, which accounts for mate-
Tiat treat treatmernt,amd surface inftuence at test gear dimernsions as specitiey in
ISO 6336-5;

YsT is the stress correction factor for the dimensions of the standard test gear, Ysfr = 2,0;

Ys relT-B1 1S the relative notch sensitivity factor for the permissible stress ntumber, relaged to the

6.3

Thd
cala

NOT

Con
ISO

6.4

6.4

sensitivity of the material;

YR relT-B1 1S the relative surface condition factor (see 6.5.1), YR refT* YR/ YRT accounts fq
face condition at the root fillet, related to the conditions at the test gear;

Yx is the size factor for tooth root strength, which@ageounts for the influence of t
on the tooth root strength (see 8.1);

operation (see 8.2).

Calculated safety factor

evaluated tooth root stress, op, shall be <opp, which is the permissible tooth root
ulated safety factor against tooth breakage shall be determined separately for pinion an

_OFp-B1
SF-B1=— > SFEmin
OF-B1

E This is the calctlated safety factor with respect to the transmitted torque.

siderations in _reference to the safety factors and the risk (probability) of failure at
10300-1:2014,°5.2.

Toothroot stress factors

conditions at the standard test gear (see 6.5.2), Ys relT = Y5/ Ygr.accounts for the notch

r the sur-

he module

YNT is the life factor, which accounts for the ififluence of required numbers of cycles of

btress. The
1 wheel:

(5)

e given in

1C~ Tooth form factor, Yr;

6.4.1.1 General

The tooth form factor, Yg;, accounts for the influence of the tooth form on the nominal tooth root stress
in the case of load application at the tooth tip. It is determined separately for pinion and wheel. In doing
so, the possibility to manufacture bevel and hypoid gears with different pressure angles at drive and
coast side shall be considered (see Figure 1).

In the case of gears with tip and root relief, the actual bending moment arm is slightly smaller, but this
should be neglected and the calculation is on the safe side.

Bevel gears without offset generally have octoid teeth and tip and root relief. However, deviations from
an involute profile are small, especially in view of the tooth root cord and bending moment arm, and
thus both, tip and root relief, may be neglected when calculating the tooth form factor.

©IS
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The distance between the contact points of the 30° tangents at the root fillets of the tooth profile of the
virtual cylindrical gear is taken as the critical section for calculation (see Figure 1).

By method B1 of ISO 10300, the tooth form factor, Yr,, and stress correction factor, Ys,, are determined
for the nominal gear without deviations. The slight reduction in tooth thickness for backlash between
teeth may be neglected for the load capacity calculation. However, the size reduction shall be taken into
account when the outer tooth thickness allowance Agpe > 0,05 mmp.

h FaD

Figure 1 — Tooth root chérdal thickness sr, and bending moment arm hg, in normal section
for load application, Fy, at the tooth tip of the virtual cylindrical gear

6.4.1.2 Tooth form)factor for generated gears

6.4.1.2.1 |Géneral

The tooth form factor, Yp,, of generated bevel gears is calculated with parameters of the active flank of
the virtual cylindrical gear in normal section which includes the corresponding effective pressure angle
aep or aec (see Annex A of ISO 10300-1:2014). However, the direction of the normal force, Fy, in relation
to the tangential force, Fynt, is given by the generated pressure angle ayp or anc.

Attention — The tooth form factor, Yf, and its parameters shall be determined for the pinion
(suffix 1) and the wheel (suffix 2) separately:

6 © ISO 2014 - All rights reserved
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h
6-rabC COSOlpanD C
m ,

Yeapc=—""0 (6)

2
N
A CosanDC
mmn

hrap,c and afanp,c see 6.4.1.2.5;

where

an = app = generated pressure angle for drive side (specified in ISO 23509);

an = apc = generated pressure angle for coast side (specified in ISO 23509).

See|Figure 1 for the explanation of parameters; see ISO 6336-3[1] for more infdrmation aboyt the tooth
form factor.

6.4{1.2.2 Auxiliary quantities

For|the calculation of the tooth root chord, sgp, and the bendingimoment arm, hp,, firstly, the auxiliary
quantities E, G, H and 9 shall be determined.

The parameter, E, is calculated for the magnitudes of the active flank. For generated hypoid gears,
the[effective pressure angle ae = aep for the drive side and ae = aec (see ISO 23509) for the|coast side,
respectively,areused in Formula (7). Note, the cutteredge radii p;op and paoc as well as the prdtuberance,
Spril,c, might also be different, but not hao, which ig\the tool addendum:

Paovic (1-sindep ) —s prD,C

T
ED,C = (Z_ Xsm ] My — haOtanaeD,C - (7)
COS(XeD’C
Gp,c —Paonc_ Mo +Xpm (8)
Mmn My
2 r Epc T
Hp,c = ST 2 )
ZvnD,C 2 Myn 3
19[)'(: = - tanﬂD'c - HD,C (10)
ZynD,C

For|the solution of the transcendent Formula (10), 9 =1/6 may be inserted as the initial value. 4 suggested
value forithe difference (Jnew - 9) is 0,000 001. In most cases, the calculation already converges after a
few|iterations.

6.4.1.2.3 Tooth root chordal thickness, sg,

The tooth root chords spyp and sppc are calculated for pinion and wheel, each with the corresponding
geometry data for the drive flank and the coast flank:

. (n Gpc  Paodc
SFnD,C = mmnzvnD,C51n [g_ﬁD,C J+mmn\/§ (COSI? - I’:I J (11)
D,C mn

Then, the respective tooth root chord sgy, for pinion or wheel results in:

Spn = 0,58 ppp +0,55,¢ (12)

© ISO 2014 - All rights reserved 7
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6.4.1.2.4 Filletradius, pf, at contact point of 30° tangent

The fillet radius, pF, is calculated with the corresponding geometry data for the drive flank and the coast
flank:

2
2GD,Cmmn

] ) 13
PED,c = PaoD,C cost ¢ (ZvnD,CCOSZﬁD,C - ZGD,C) (13)

6.4.1.2.5 Bending moment arm, hg,

The bendifg moment arm, N5, 1S calculated with geometry data referring to the drive flank and to|the
coast flanKk:

Mpyn . dvanD,C T GD,C PaoD,C -
hEap,C (COSVaD,c =siny,pc tanO‘FanD,c)7—Zvn]),c cos| ——dpc |- + (14)
2 Mmn 3 cosﬂD,C Mo
where
OFanD,d = ®anD,C ~7aD,C 15)
d |
Olanp c F Arccos ZvbnD.C 16)
vanD,C
|1 b . .
YaDc = . E+2(th tanoep ¢ + xsm) +inva,p ¢ —iny0np ¢ 17)
vnD,C

where
ae = adp = generated pressure angle for drive, side;

ae = adc= effective pressure angle of coast@ide (specified in ISO 23509).

Data of the|virtual cylindrical gears.(pinion and wheel) in normal section, dyan, dvbn and zyy, are specified
in ISO 103(0-1:2014, A.3. Dimensions at the basic rack profile of the tooth are shown in Figure 2.

At the design stage, the tootDform factor Yp; for bevel gears without offset may be calculated for a bpsic
rack profile of the tool with the following data ay, = 20°, hao/mmn = 1,25, and pao/mmn = 0,25. Diagrams
for this and other basigrack profiles are given in ISO 6336-3.[1]

6.4.1.3 Toothferm factor for non-generated gears

The tooth florm factor, Y., for non-generated bevel gears should be considered separately. In this cade of

form cutting the slot profile of the wheel is identical to the tool profile and so the tooth form factor can
directly be determined (see Figure 2).

The tooth form factor of the pinion, which is manufactured by a specific generating process, may be
approximated by the formulae according to 6.4.1.2. Hypoid gears are calculated with geometry data for
drive side and coast side.

8 © ISO 2014 - All rights reserved
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Tooth root thickness of the wheel (suffix 2):

SEnD,c =7 Mmp —2Ep ¢ =2p0p ccos 30° (18)

where
1-sinax -S
ED,C = (z_ Xsm j Mpyy = haOtananD,C - paOD'C ( nbL ) prDC (19)
4 cosOyp c

The tooth root chord sfy, is then calculated by:

Spn = 0,55ppp + 0,55 (20)
Fillgt radius at contact point of 30° tangent:

OFD,C = Pa0D,C (21)
Bending moment arm:

_ Paop,c T

hFaD,C - haO - tMy,— Z"' Xsm — tanO‘nD,C mmntananD,C (22)

Toofth form factor of the wheel according to Formula (6) with*aranp,c = anp,c:
¢ MFa,c
m
Vrap,c = — 20 (23)

2
SFn
Mmn

© ISO 2014 - All rights reserved 9


https://standardsiso.com/api/?name=00a6eec6a1f896a255a0eb477914763e

ISO 10300-3:2014(E)

Mg U/ b)=x g

(o3

R
< Sy

a) With protuberance

’

M LT/ 4)=X ]

(oX))

th:hao

b) Without protuberance

Figure 2 — Dimensions at the basic rack profile of the tooth
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6.4.2 Stress correction factor, Ys,

The stress correction factor, Ys,, accounts for the stress increasing notch effect in the root fillet as well
as for other stress components which arise beside the tooth root stress (see ISO 6336-3[1] for additional
information).

i
121+ 2,3/L
Ysap,c =(1,2+0,13 Lyp ) qu,c[ JLanc (24)
D,C ™
: hFaD,C
=_>Fn 26
CIsD,C ZPFD,C ( )
whegre

spn  is calculated for generated or non-generated gears according foyFormula (12) or Fpr-
mula (20);

hpa  is calculated for generated or non-generated gears aceording to Formula (14) or For-
mula (22);

pF  iscalculated for generated or non-generated gears is according to Formula (13) o1 For-

mula (21).

Thgrange of validity of Formula (26) is 1 < g5 < 8 {s€e ISO 6336-3[1] for the influence of grindirlg notches).

6.4]3 Contactratio factor, Y;

The contact ratio factor, Ye, converts:the' load application at the tooth tip, where the tooth fprm factor,
Yraland stress correction factor, Ysa-apply, to the determinant point of load application.

There are three ranges for eyg{@'calculate Ye:

a) |[foreyp=0:
Y. =0,25+ 0.75 20,625 (27a)
8VO(
b) |for 0 < ggp's1:
Y£=0,25+E—SVB(O'75—0,375} 20,625 (27b)
gVO( Vo
c) foreyp>1:
Ye = 0,625
(27¢)

6.4.4 Bevel spiral angle factor, Yps

The bevel spiral angle factor, Ygs, accounts for the non-uniform distribution of the tooth root stress
along the face width. The stress distribution depends on the inclination of the contact lines due to the
spiral angle. With an increasing spiral angle the inclination angle also increases till the contact lines are
limited by tip and root of the teeth. Thus, the face width is not completely used to carry the load. This

© ISO 2014 - All rights reserved 11
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leads to a higher stress maximum in the tooth root in the middle of the face width (see Figure 3), where
a tooth developed into a plane is replaced by a cantilever beam.

//

\'g®

Figure 3 — Definition of geometricparameters of tooth model

YBs is given by the following empirical formulae([i.e. Formula (28) to Formula (31)]:

2
Vs = B8 [ Iob 1 05500 | +1 28)
s | Da
2
ags=—0,0182 [ 22 | 10,4735 L2 |-0,32 29)
h h
2
bgs =—0,0032 %a 10,0526 %a +0,712 30)
2
cps = —P,0050 [ 22| 40,0850 (22 |r0,54 31)
h h

with auxiliary values ags, bgs, cBs
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The developed length of one tooth as face width of the calculation model:

ba= by/cos By (32)

Part of the model’s face width covered by the contact line:

cos
Ibb = lom Boy (33)
cosf3,
Average tooth depth:
h=(hyy +hmz) /2 (34)

with mean whole tooth depth, hy,, as specified in [SO 23509.

6.4)5 Load sharing factor, Y5

Theload sharing factor, Y1s, for bending accounts for load sharing between two or more paiys of teeth:

2
Vis=2ZLs (35)
with load sharing factor, Zis, as specified in 6.4.2 of ISO 10300+2:2014.

6.5/ Permissible tooth root stress factors

6.5]1 Relative surface condition factor, YR reITB1

Thetooth root strength depends on the surface condition at the root predominantly on the rqughness in
thefroot fillet. The surface condition factory¥g reiT, accounts for this dependence related to standard test
geaf conditions with Rz = 10 um (see [S@-6336-3[1] for general remarks) and is determined|separately
for pinion (suffix 1) and wheel (suffix-2):1f no surface condition factors determined according to method
A afe available, method B described'in 6.5.1 shall be used.

Warning — This method is only valid if there are no scratches or similar defects deeper{than 2 Rz.

Thq relative surface condition factor, YR reiT, determined by tests with test specimens, mdy be taken
fromn Figure 4 as a fun€tion of roughness Rz and material.

For|calculation, Ferniulae (36) to (41) shall be used depending on two ranges of roughness.
Rarjge Rz < lym:

a) |For through hardened and case hardened steels:

YRAelr = 1,12
(36)
b) For non-hardened steels:
YR,relT =1,07
(37)

c) For grey castiron, nitrided and nitro carburized steels:
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YR,relT =1,025
(38)
Range 1 pym < Rz <40 um:
a) For through hardened and case hardened steels:
Yr 1/10
YRrelr =< —=1,674-0,529 (Rz+1) (39)
Ypr
b) For noprlrarderred steets:
YR 1/100
YRrelT F 5 =5,306-4,203 (Rz+1) 40)
Yrr
c) For grey castiron, nitrided and nitro carburized
Yr 1/200
YRrelr ¥ =4,299-3,259 (Rz+1) (41)
Yrr
YR, relT
1,15
1,1
1,05
\\
\\\§
1 —
~~ GG, GGG (fer.), NT(nitr.),
AN NV/(nitr.), NV(nitrocar.)
0,95 \\ L St
AN
N\l V. GGG (perl., bai.),
0,9 Eh, IF (root)
1 2 34 6810 20 40 Rz
Key
Rz surface roughness¢{pm)
YRRelT surface condifion factor (-)
Figure 4 — Surface condition factor, YR re1, for permissible stress number

) PR 'y r's < A& r's P |
ICIAdUIVO LU SldIIUdI U tCou Bcal UIIIICIIOSIVUIIDS

6.5.2 Relative notch sensitivity factor, Y5 reiT-B1

The dynamic notch sensitivity factor, Vs, indicates the amount by which the theoretical stress peak
exceeds the permissible stress number in the case of fatigue breakage. It is a function of the material and
relative stress drop. It is possible to calculate the notch sensitivity factor on the basis of strength values
determined at un-notched or notched specimens, or at test gears. If more exact test results (method A)
are not available, method B described in 6.5.2 shall be used.

The calculation of permissible tooth root stresses of bevel gears is based on bending strength values
determined for both, bevel and cylindrical test gears. Therefore, the relative notch sensitivity factor,
Y4 relT, is the ratio between the sensitivity factor of the gear to be calculated and the sensitivity factor of
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the standard test gear. Ys relT = Y5/YsT may be taken directly from Figure 5 as a function of gs (see 6.4.2)
of the gear to be calculated and of the material.

In order to calculate the relative notch sensitivity factor, Ysreir according to method BI,
Formulae (42) and (43), representing the curves in Figure 5, shall be used:

1+\/P'Zi(,2
YsreiT12= DS (42)
1+4p X7

x 1
A2 _5(14_? 751,4) (43)
whgre
p’ shall be taken from Table 1 as a function of the material;
Zi(z is applicable to module mpyy, = 5, with the size influence accounted for by Yx (3ee 8.1);

x%( =1,2 iscalculated with g¢p =2,5according to Formula (43):

Table 1 — Slip layer thickneéss p’

Slip layer thickness
No. Material ,
p
GG op= 150 N/mm? 0,3124
2 GG, GGG (ferr) op =300 N/mm?2 0,3095
3 NT (nit(rr.l)i,tlltlovcgr;.i)tr.), N¥ for all hardnesses 0,1005
4 St 0s =300 N/mm?2 0,0833
5 St os =400 N/mm?2 0,0445
6 V, GTS, GGG*(perl., bain.) 00,2 =500 N/mm? 0,0281
7 V, GTS, GGG (perl., bain.) 00,2 = 600 N/mm?2 0,0194
8 V;'GTS, GGG (perl., bain.) 00,2 =800 N/mm?2 0,0064
9 V, GTS, GGG (perl., bain.) 00,2 =1000 N/mm? 0,0014
10 Eh, IF (root) for all hardnesses 0,0030
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Y S, relT

14 /
Yy w=YslYs a [IN/mm?]
3, relT 81 48T /
1,3 — ' 40
’ ) / 150
JAEANA /les | s } °e

‘ //

1,2 H | 30°\‘ PFE v

| 2= NT, NV 300

| / / / — Cs

// s 400
1,1 / > = 600

= ﬁ Sop
-
= —— o 1000

] = : Eh
0,9

0,8 /
/ S/

0,7 /

N
-
(&)
N
N
w
N
(6]
e))
~
0]
©
Y
©

| | | | | | | |
1,4 1556 1,7 18 1,9 2 21 22 23 24 25 26 Yg,

Key
qs not¢h paranteter (-)
Ysa strgss_eorrection factor (-)

Ysrelr relative notch sensitivity factor (-)
a Complete insensitivity to notches.
b Complete sensitivity to notches.

Figure 5 — Relative notch sensitivity factor with respect to standard test gear dimensions
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Gear tooth rating formulae — Method B2

Tooth root stress formula

The tooth root stress is determined separately for pinion (suffix 1) and wheel (suffix 2):

0.2 =OF0-82K A Ky Kpg Kpo, <OFpp.B2

with load factors Ka, Ky, Krg and Kpq, as specified in ISO 10300-1.

(44)

Thdtoothrootstress org-p2 is defined as the maximum tensile stress arising at the tooth rqo

no

Wh

inal torque when an error-free gear is loaded.

en applying method B2, the combined geometry factor Yp replaces the factors Ygg, Y83, Ye,

of method B1 in the tooth root stress equation:

Thd

Sub

whg

The
mos
the
mat
effé

OFro-B2 =7 VP12

value of Yp is determined by Formula (46):

Ya1,2 Myme1,2 - Mmn

Vp12 = Y >
J1,2 Met2

Stitution in Formula (45):

Fmt1,2 Mme1,2 Yai,

OF0-B2 =
2
bia  mg, Yz

bre

Fmt is the nominal tangential forcefbevel gears in accordance with 6.1 of ISO 10300-1:
Ya isthe root stress adjustmentfactor for method B2 (see 7.4.7);

Yj is the bending strength geometry factor for method B2 (see 7.4.3).

bending strength‘geometry factor, Y}, evaluates the shape of the tooth, the position at

t damaging load-is applied, the stress concentration due to the geometric shape of the
sharing of load\between adjacent pairs of teeth, the tooth thickness balance between the

ct of anextended face width on one member of the pair. Both the tangential (bending)

(compressive) components of the tooth load are included.

due to the

'gs and Yis

(45)

(46)

(47)

2014;

which the
root fillet,
wheel and

ing pinionjthe effective face width due to lengthwise crowning of the teeth, and the luttressing

and radial

7.2

B issibl 1

The permissible tooth root stress, opp, is determined separately for pinion and wheel. It should be
calculated on the basis of the strength determined at an actual gear. In this way, the reference value for
geometrical similarity, course of movement and manufacture lies within the field of application:

OFp-B2 =OFE YNTY§relT-B2 YR relT-B2 Yx

© IS0 2014 - All rights reserved
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OFp-B2 =OFJlim YST YNT Y5relT-B2 YRrelT-B2 Y

where
OFE

OFE

OFlim

Ysr

Y8,relT-

YR,relT-

Yx

YNT

7.3 Calc
The detery

calculated
the basis o

SF-B2 5

NOTE ’

Considerat
ISO 10300-

7.4 Toof

OFp-B2
OF.B2

is the allowable stress number (bending);

= 0Flim1,2 YsT, the basic bending strength of the un-notched specimen under the
assumption that the material (including heat treatment) is fully elastic;

(49)

is the nominal stress number (bending) of the standard test gear, which accounts for

—Taterial heat treatmentand surface mftuence at test gear gimretrsToTs,; as Speciied n

ISO 6336-5;
is the stress correction factor for the dimensions of the standard test gear, Ysti= 2,0;

is the relative notch sensitivity factor (see 7.5.2) for the bending stress number relat

bd

to the conditions at the standard test gear (Vs reiT = Ys/YsT accounts fotthe notch sensi-

tivity of the material);

is the relative surface condition factor (see 7.5.1) (YR relT = YrR/YRT accounts for the s
face condition at the root fillet, related to the conditions at the test gear);

is the size factor for tooth root strength (see 8.1), whiehyaccounts for the influence of
the module on the tooth root strength;

is the life factor, which accounts for the influencé.of required numbers of cycles of
operation (see 8.2).

ulated safety factor

hined tooth root stress, of, shall be‘=opp, which is the permissible tooth root stress.
safety factor against tooth breakage shall be determined separately for pinion and whee
[ the bending stress number determined for the standard test gear:

>SFmin

'his is the calculated Safety factor with respect to the transmitted torque.

h root'stress factors

The
,on

50)

ions in reference to the safety factors and the risk (probability) of failure are givep in
1:2014, 5.2

741 Ge

3
1CIdl

To calculate the bending strength geometry factor, Y}, the formulae in 7.4.3 should be used. Because of
the complexity of the calculation, computerization is recommended.

ANSI/AGMA 2003-C10[3] contains graphs for the bevel geometry factor, Yj, for straight, Zerol and spiral
bevel gears for a series of gear designs, based on the smaller of the face width to be chosen b = 0,3R; or
b = 10met. Corresponding graphs for hypoid gears can be found in AGMA 932-A05.[4] These may be used
whenever the tooth proportions and thickness, face widths, tool edge radii, pressure and spiral angles
of the design, and driving with the concave side, correspond to those in the graphs.

18
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7.4.2 Stress parabola according to Lewis

The basis for method B2 is the Lewis formula applied to a virtual cylindrical gear, which has been
defined in transverse section as specified in Annex B of ISO 10300-1:2014, with the following additions

and

modifications:

the tooth strength is considered in the normal section rather than in the transverse section;

the position of the point of load application is determined by taking into account theoretical lines of

contact, tooth bearing modifications and experimental evidence;

— rtheamountoftoad—carrted-by omre—toothris—estimatedbased-omrtoothbearingmodification and

Bending stress shall be calculated assuming the tooth shaped beam is-simulated by a parab
to the tooth profile at the most highly stressed section. Figure 6 shows a layout for the cas
load sharing and b) load sharing.

contact ratio;
the radial component of the normal load is considered;
a stress concentration factor based on experimental data are applied;

the concept of effective face width is used.

bla tangent
es of: a) no

7.4{3 Basic formula of geometry factor, Y]
Thgparameters for calculating the geometry factor, Yj are€the same for bevel and hypoid gearp. However,
the|calculation procedures are different. See 7.4.4 fdt’bevel gears without hypoid offset ¢r 7.4.5 for
hyploid gears.
The bevel geometry factor, V), is calculated using’Formula (51):
V12 = Yiz  Tmyo12 Deer1z Mmtiz 51)
Yei 2 €nYi Tmpriz  D1p-\Mer
whére
Y1,2 is the tooth form‘factor of pinion and wheel (see 7.4.4.4 for bevel gears and 7.4.5.¢4 for
hypoid gears);
EN is the load\sharing ratio (see 7.4.4.3 and 7.4.5.2, respectively);
I'my01,2 is th@mean transverse radius to point of load application for pinion or wheel, in millime-
tres(see 7.4.4.2 and 7.4.5.5);
mptt;2>iS the mean transverse pitch radius, in millimetres (see ISO 23509);
Yfi)»  is the stress concentration and correction factor (see 7.4.6.2);
Yi is the inertia factor for gears with a low contact ratio (see 7.4.6.3);
bce1,2 is the calculated effective face width of pinion or wheel, in millimetres (see 7.4.6.4).
© ISO 2014 - All rights reserved 19
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b) Load sharing

7.4.4 Geometry factor, V), for bevel gears (for hypoid gears, see 7.4.5)

7.4.4.1 Point of load application for maximum tooth root stress, y3

For most straight, Zerol and spiral bevel gears, the maximum tooth root stress occurs at the equivalent
of the highest point of single tooth contact when the modified contact ratio is < 2. When the modified
contactratio is >2, it is assumed that the contact line passes through the centre of the path of action. For
statically loaded straight bevel and Zerol bevel gears, such as those used in automotive differentials, the
load is applied at the tip of the tooth. In any case, the position is measured along the path of action from
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its centre, and is designated by yj. Its distance from the beginning of the path of action is designated by
J3.

So, there are three cases for the determination of yy:

when &yy < 2,0:

_ T MypCosa, Iy

Y= (52)
: Met 2
for a; see ISO 10300-1:—, Formula (B.14), and for g, see ISO 10300-2:2014, Formula (34)
wh¢n gyy > 2,0:
;=0 (53)
for statically loaded straight bevel and Zerol bevel gears (tip loading):
In
_In 54
] ) (54)
Where
gﬁ = ggancos4ﬁvb +bvzsin2ﬂvb (55)
The determination of the distance, y3, depends on the &ype of bevel gears:
for ptraight bevel and Zerol bevel gears:
Geony
Yy = gvTom + %1 (56)
9n
for gpiral bevel pinions:
2 2 v
Vg = gvzom + Gvon * Yy COS ﬁvb +bvz'gvom "9 -k 'Smﬁvb (57)
9n
for gpiral bevel wheels:
2 2 v
Vs = gvz(m n Yvon 'y] -COs ﬁvb _bvz'gvom 'g] -k 'Smﬂvb (58)
9n
wheére
9y =49y —4Y; (59)

k’ is the contact shift factor (see ISO 10300-1:2014, B.5)

7.4.4.2 Transverse radius to point of load application, rmyo 1,2

Since the point of load application does not usually lie in the mean section of the tooth, the actual radius
is determined using Formulae (60) to (67). The distance from mean section to point of load application,
Xoo01,2, measured in the lengthwise direction along the tooth, is calculated depending on the type of gear:

a) for straight and Zerol bevel gears:
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van 91 Kk
Xool,Zz% (60)

9n
b) for spiral bevel pinion:

ro2 2
by Gyon gk c0s”ByMez —by yisinfypme;

X001,2 = gz (61)
n
c) for spiral bevel wheel:
' 2 2 :
by Gvon 9 Kk €08 BypMery +by yysinfpyme, i
X002 = 62)

2
9n

The normall pressure angle at point of load application, ay.1,2, for pinion and wheel is derived from:

. [ 2 2
_ Y312 T Ayy SOy —4[Tya1,2 ~Tybn1,2 63)

I'vbn1,2

tanO(Ll 2

The rotatign angle, 1,2, used in bending strength calculations for pinion ahd wheel, &y1,2, is:

Smn1,2

= —invay g, +inva, 64)

§h1,2 =
2r‘vnl,Z

Relative diptance from pitch circle to the pinion point of load application and the wheel tooth centreline
is:

Tvbn1,2

Aryg 14 =—YonL2 65)
y0 1, COS 0ty 2 vnl,2
where
an1,2 =lar1,2 = &h1,2 66)

Mean trangverse radius to point of load application, in millimetres:

R_+x

L m ooly2

Fmy01,2 [ 'mpt1,2 (—R +Aryg12Mern 67)
m

7.4.4.3 Load sharing ratio, ey

The load sharingratio, €y, is used to calculate the proportion of the total load carried on the tooth b¢ing
analysed. It is.given by the following formulae (i.e. Formulae (68), (69) and (70):

3
k=x
3 3 2 T m coso T m coso
g'7=9j +k21\/[g] —4k —8 a(k on_- 8 +2y]J:|

et2 Met2
=y T o /4 osQ 3
= m., . COS m,.,, COS
SR —— )
k=1 Met2 Met2

In Formula (68), k is a positive integer, which has successive values from 1 to x or y, generating all real
terms (positive values under the radical) in each series. Imaginary terms (negative values under the
radical) shall be ignored. For most designs, x and y are not greater than 2.
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The load sharing ratio is:

en= (69)

For statically loaded straight and Zerol bevel gears:

en=1,0
(70)
7.414.4 Tooth form factor, Y1,
The tooth form factor incorporates both the radial and tangential components of the .normalfload. Since
thig factor defines the weakest section, its value shall be determined by iteration for pinion|and wheel
sepfrately.
1-sina,,
901,2 = 0,58 ymn1,2 + Ayfm1,2 1N, + Pyagr 2| ———— (71)
coso,

9yb1,2 = Nyfn1,2 ~ Pvao1,2 (72)

91012(1) =9012 + Gyb12 (73)
Start of iteration with gy 5(4) as initial value:

9f01,2
1,2 = (74)
rvn1,2

Ixb1,2 = 9£01,2 = 901,2 (75)

97a1,2 = Jyb1,2€0561,2 — Ixp1,2SING7 2 (76)

92b1,2 = 9yb1,25IN81 2 +Gyb1,2 €051 (77)

tanTl,Z = M (78)

92p1,2

SN1,2 = Lynd,2 SINE1,2 — Pya01,2€0ST1,2 — zp1,2 (79)

hgi,2 = Aryo1,2 +T'vn1,2 (1 —cos& ) ) +Pya01,251M71 2 + Gza1,2 (80)
Change gro1,2 until

SN1 o COLT

“NLzT L2 2,040,001 (81)

hn1,2
Forthe secondtrial, make g1 5(2) = gro1,2¢1) +0,005me,, forthe thirdand subsequenttrials, interpolate.

End of iteration.
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Tooth strength factor:

S 1%11 2
XN12 =7 (82)
hnt2
Tooth form factor:
2 1
Yip=7|7 - N (83)
1 L““U‘hl,z
HXNLz 35N1,2 JJ
Figure 6 illustrates the parameters hy, sy and xn.
7.4.5 Gepmetry factor, V), for hypoid gears
7.4.5.1 Initial formulae
Tooth surface points are calculated using the function eftanor ¢ approximate the tooth surfaces.
Drive flank pressure angle in wheel root coordinates:
Opnf =[Pnp ~OpSinf; 84)
where 60f s the dedendum angle of the wheel (given in [SQ:23509:2006, Table C.5).
Coast flanlf pressure angle in wheel root coordinates:
Olcnt = Ping +0pSInS 85)
Average pressure angle unbalance:
Opps — O
Act, = | %ot ~O%cnr) 86)
2,0
Limit presgure angle in wheelroot coordinates:
0 = 0|y =0y Sin iy 87)
Relative digtance fromn blade edge to centreline:
h Onp T0nc Wm2 Onp T0nc
fnztan + cos
2,0 2,0 2,0
Irb = 88)

where W2 is wheel mean slot width (see ISO 23509:2006, Figure 16).

24
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Intermediate value:

Np = tanop s [& —hytm2 J (89)
SIOput
Intermediate value:
_ Irb —h 90
Nc =tan0cyf| — vim?2 (90)
sinocp¢
IntgrIEediate angte:
5 Ig/mZ ~ Pya02 (SeC anD2+0anC —tan anD2+OanC j
tanf3, = — Met2 : : (o1)
hvfmZ ~Pva02

Intgrmediate angle:

(Bp—Aa)=p,~Aey (92)
Intgrmediate angle:

(Bc—Aa)=-B,~ Aoy (93)
Intgrmediate value:

g, = hvfm2 ~ Pva02 (94_)

cosf,
WhEel angle between centreline and fillet point on drive side:
sin - Ao
an a0, =915 (Po —49) 95)
'yn2 —91€0S (:BD —AOC)
WhEel angle between centreline and fillet point on coast side:
sin —-Ao
tan 46, = — 92 tc — ) (96)
Fyn2~941 COS(ﬁC —AO!)
WhEel angle between fillet points:
A A
10, = 055+ 208 + A0 97)

where Uy 1s angular pitch ot virtual cylindrical wheel (see 150 10500-1:2014, 5.10).
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Vertical distance from pitch circle to fillet point:

Y1=Tyn2—

Horizontal

[ Fnz2 = g1c0s(Bp — ) | cos(46, - A6p)
cosAfp

distance from centreline to fillet point:

_ I:rvn2 _glcos(ﬁD — O )] Sin<A62 _AOD)

X1

cosAfp

(98)

(99)

Generated
0Nz =
Distance fr

Hip =T]

Distance f1

pressure angle of wheel at fillet point |[required for Formula (167)]:

Clpnf — 463

om centreline to tool critical drive side fillet point:

p ttandpy¢ (hvfml + hvfmZ ) + Pvao1 (secaan —tanapyf )

om centreline to tool critical coast side fillet point:

Hqc =T +tandcys (hvfml + hvfmZ ) ~Pvao01 (SecaCnf —tanag,s )

Wheel ang

tanODL

Wheel ang

tan OCL E =

Radius fro
RpL2 =
Radius fro
Repz =

Wheel ang

e between centreline and critical pinion drive side fillet\point:

_ Hip
I'yn2 hvfml

1°p]

e between centreline and critical pinion coast side fillet point:

Hic
I'yn2 hvfml

m tool centre to critical pinion drive side fillet point:

I'vn2 hvfml
COosS ODLS

m tool centre to Critical pinion coast side fillet point:

"vn2 + hvfml

Cos OCLS

e fromcentreline to pinion tip on drive side, Op1:

(1

(

&

1

For start o

NPT 3 Q 0
TCCT IO, aSSUTIIC—UDT — Uy 7 -

Ary =Ty, (eeDltan o - 1,0)

hy = (ryng +Ary) sin(apyeOpg )= (ynz Sinoppe = grp)

2 .
hyo = \/r\gnl _(rvnl _Ar1> COSZ (aVan +9D1) _(rvnl _Arl) Sm(aan +9D1)

Change 0

Wheel angle from centreline to tooth surface at critical fillet point on drive side, Opyo:

26

1 until hy, =h; which is the end of iteration.

00)

01)

02)

03)

04)

05)

06)

(107)

(108)

(109)
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For the start of iteration, assume 6p,, =1/26,, .

_ Opyotano; s
H1po =Tyn2€ P20 Sll’19D20

Change 6p,, until uyp, = uyp which is the end of iteration.

Wheel angle from centreline to tooth surface at critical fillet point on coast side, 8¢20:

For start of iteration, assume 0,, =—1/26,,.

A tano.
H1co =Tvn2€ ™ "SI0,

Change 0, until pyc, = t1c Which is the end of iteration.
Pinjon angle from centreline to tooth surface at critical drive side fillet point, Opj¢:

Formula (112) shall be solved for 6p1,.

Fong (eemo tanoy 1’0) =yt (1'0_ eeDlo tanag )

Pinjon angle from centreline to tooth surface at critical coast side fillet point, O¢1,:
Formula (113) shall be solved for 6¢1o.

rvnz (eQCZO tanaf _1’0) — rvnl (1,0—89(:10 tanaf )

Wheel difference angle between tool and surface:at drive side fillet point:
A0n20 =OpLs —On2o
Whegel difference angle between tooland surface at coast side fillet point:
A0c20 =0OcLs —Oc20

Pinjon difference angle between tool and surface at drive side fillet point:

Ry »,SinA@
tanA@p, = — DL2 D20

Fu2 + Tyn1 — Rpp2€0546p5,
Pinjon difference angle between tool and surface at coast side fillet point:

RCLZ SinA9C20

tan A9Cl0 =—
'yn2 +Tyn1 —Rgr2 €0SAB(,

Pinion angle unbalance between fillet points:

_ 610 +0c10+46p1, +46¢q,
2,0

A6,

Pinion angle from centreline to pinion tip, Op,:

Formula (119) shall be solved for 8p.

Arl = rvnl (1,0— eeDo tanaf )
Wheel angle from centreline to tooth surface at pitch point on drive side, 6p:

© IS0 2014 - All rights reserved

(110)

(111)

(112)

(113)

(114)

(115)

(116)

(117)

(118)

(119)
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For start of iteration, assume 6y =—1/36,,.
Ar =rypp €% —1,0) (120)
h= (rVnZ + Ar) sin(aan +6p ) - (ranSinaan ~Irb ) (121)

Change Op until h = 0,0 which is the end of iteration

The wheel angle from centreline to fillet point on drive flank, 8py, is evaluated by iteration. The initial
value, 6p,[fhould be determined depending on the amount of { Ty, T A7)

a) (rvn2+Ar)>rvaZ

6D2 =0 89D [1: Za)

b) (rvn2+Ar):rvaZ

QDZ =1 OQD (12 Zb)

C) (rvn2+Ar)<rVa2

6p, = 1126, (1220)

Start of itefation:

Ary =rfng %2 —1,0) (123)

hy =(rfnz + Ary )sin(Cpng +Opz )~ (Fyn2sin0pgs <Gy ) (124)
2 .

h20 =i\/r331—(r‘vn1 +Ar2) COSZ(aan+9D2)+(rvn1 +Ar2)sm(O(an+9D2) (]25)

with +signlif (ryp sinapy — g, ) <0J0 or -sign, if (ryp,sinapys — g ) 20,0
Change Opp until hy = hp, whichvis the end of iteration.

7.4.5.2 Load sharingratio, ¢y, for hypoid gears

Load sharipg ratiofer hypoid gears:

e =1p (126)
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7.4.5.3 Tooth strength factor, xn1 2, for hypoid gears

Length of action from pinion tip to pitch circle in normal section:

Fvor =\/hf +(Ary - Ar)® =2,0h; (Ary — Ar)sin(cpys +6p; ) (127)

Length of action from wheel tip to pitch circle in normal section:

Gvoz =\/h§ +(Ary — Ar)® =2,0hy (Ary — Ar)sin (o +6p; ) (128)

Lenlgth of action in normal section:

9von = Ivol T 9va2 (129)

Profile contact ratio in mean normal section:

€van = Y9von /pmn (130)

Modlified contact ratio for hypoid gears:

€y =€l +ET3 (131)

vy von

The profile load sharing factor is
a) |when Eyy < 2,0:

er =1,0-0,5¢,, (132a)

b) [when Eyy >2,0:

e =0,0 (132b)
The lengthwise load sharing factor is

a) |when g,,<2,0:

£, =2,0 /evy—l,o (133a)

b) [when_gyy/>2,0:

vy
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Y

Length of action from pinion tip to point of load application:

Ivo3 =

pmngvan

2
evy £

2 0,53%, eyp€p k'

+&f —Gvaa

&

von vo

Length of action from wheel tip to point of load application:

Ivos T 2

(133b)

(134)

£ € I

vy von

va

0 58 2 & € k'
p € ) vy
nn=-von [ —+ Vﬁ b gf gv(xz

Length of 4ction to point of load application:

9j12=

Wheel ang

For starto

Arz =r{no

Change 0p
Pinion ang

For start o

Ary =r

Jvon ~—9va34

e from pinion tip to point of load application, 6p3:

fiteration, assume Op3 =—1/26,,.

(80D3tan0{f _ 1,0)

n2 +Ar3 )Sin(aanf +0D3)_(rvn2 Sir'lO‘anf _grb)

2 .
9203 —(Ars — Ar)° cos® (aypys +6p3) —|Ars —@Ar|sin(otypys +6p3)

until h3 = h3, which is the end of iteration.
e from wheel tip to point of load application, Op4:

fiteration, assume Opy =1/36y,.

- (e9D4tanaf _1,0)

n2 + AI‘4_ )SiD(O{Van + 9D4— ) - (rVnZ SirlO{Van —9rb )

Change 0p

2 .
9004 —(A0), — Ar) " cos? (0typys +0p4 ) —|Ary — Ar|sin(ctypns +6p4 )

p until hy = hy, which is the end of iteration.

(135)

(136)

137

(138)

139)

(140)

(141)

(142)

Distance from pitch circle to point of load application, 4rp,N2:

ArLNZ = —T,

Angle between centreline and line from point of load application and fillet point on wheel, a40:

(rynz +Arz)cos(aypps +6p3)

Ccos aLNZ vn2

For start of iteration, assume ,, =2,00p s -

30

(143)
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Hor

izontal distance from centreline to critical fillet point:

SN2 = X1~ Pvya02€05q340

Vertical distance from pitch circle to critical fillet point:

Y2 = Y11 Pyao2Sinlye,

Wheel load height at weakest section:

1ISO 10300-3:2014(E)

(144)

(145)

Auy

Ny = V2 T AN N2

iliary value:

SN2

hyopg =———2——
NZo ™ 2 Otanary,,

Change o, until hy, = hy,, which is the end of iteration.

Att

For

For

Pin

Pin

Stai

Opg
Wh

2
" _ SN2
N2T
N2

mula (149) shall be solved for Ops.
Ar, =Ty (1,0—e9D5t;’mO‘f )

on pressure angle at point of load.application:

O N1 = Oynf +0pg —Ops + A0,

on radial distance to pdint of load application:

(ryn1—Ary )€os(apys +6ps)
COS&LNl

410 =

= ot,p~should be used as initial value.

pél-angle between centreline and pinion fillet, 0py:

his stage, the wheel tooth strength factor is calculated by Formula'(148):

the pinion angle from pitch point to point of load application, fps:

t of iteration-comprising Formula (152) to Formula (165):

(146)

(147)

(148)

(149)

(150)

(151)

For

Change 0., until up = pq +1p, which is the end of the enclosed iteration.

an enclosed iteration, assume 6p,,, =1/26,,.

_ Op2ootanas
Ars =Tyn2€ 00

Upy = Tyn2 + hvfml ~Pvao1 _ArS C059D200
tanOtDO

Hp = Argsinbpy,,

© IS0 2014 - All rights reserved
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For the pinion angle between centreline and pinion fillet solve Formula (155) for 84, :

Fon2 (eODZOO tanog _1’0) =Tyn1 (1’0_30D100 tanog ) (155)
Wheel rotation through path of action:
tané) 5, = Hp1 = Pvap1€0SApo . (156)
Fyn2 t Myfin1 = Pvao1 T Pvao1 SN,
Wheel angle difference between path of action and tooth surface at pinion fillet:
AGDZOO = 9L20 _0D200 (157)
Wheel radjus to pinion fillet point:
Tono +h - + sina
Py = w2 " Tvfm1 Pvao1 T Pvao1 Do (158)
cosf 7,
Pinion ang]e to fillet point:
tan AQ ., = F1.20 S0 4620, (159)
I'vn2 T yn1 ~ .20 COSAQDZOO
Pinion rad{us to fillet point:
Koo +7on1 —1I79,CO0SAO
Fiio = vn2 vnl L20 D200 (] 60)
cos ABp 14,
Pinion angle from centreline to fillet point:
(461 =PL10) =461 =6D100 — 40100 (161)
Angle between centreline and line from,point of load application and fillet point on pinion, a1
01 =0po —0Op200 +Op10o (162)
Horizontalldistance to criticalfillet point:
SNl =I‘J10 Sil’l(AQl—eLlo) (] 63)
Pinion load height atweakest section:
hN1=Th1o.>TL10 C0S(401 =6 10) (164)
Auxiliary value:
s
N N1 165
Nlo 2,0tanoy (165)
Change O(DO until h N1 = h N1lo
End of iteration.
At this stage, the pinion tooth strength factor is calculated by:
52
xyp = (166)
hny
32 © ISO 2014 - All rights reserved
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