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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 m
electrotechnical standardization.

atters of

The procedures used to develop this document and those intended for its further mainten
described in the ISO/IEC Directives, Part 1. In particular the different approval criteriayneede
d|fferent types of ISO documents should be noted. This document was drafted in aceordance
eglitorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Aftention is drawn to the possibility that some of the elements of this document'may be the §
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. I
a
0

n the ISO list of patent declarations received (see www.iso.org/patents),

Ahy trade name used in this document is information given for thé.convenience of users and
c¢nstitute an endorsement.

For an explanation on the voluntary nature of standards,/the meaning of ISO specific te
expressions related to conformity assessment, as well\as information about ISO's adheren

orld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the f
URL: www.iso.org/iso/foreword.html.

This document was prepared by Technical Cemmittee ISO/TC 60, Gears, Subcommittee S(
cqpacity calculation.

his first edition of ISO/TS 6336-21 caneels and replaces ISO/TR 13989-2.

T
Allist of all parts in the ISO 6336 series’'can be found on the ISO website. See also the Introducti
oyerview.

ance are
d for the
with the

ubject of
etails of

y patent rights identified during the development of the document wilk be’in the Introductiogn and/or

does not

rms and
e to the
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Introduction

The ISO 6336 series consists of International Standards, Technical Specifications (TS) and Technical
Reports (TR) under the general title Calculation of load capacity of spur and helical gears (see Table 1).

— International Standards contain calculation methods that are based on widely accepted practices
and have been validated.

— TS contain calculation methods that are still subject to further development.

— TR cpntain data that is informative, such as example calculations.

The prog¢edures specified in ISO 6336-1 to ISO 6336-19 cover fatigue analyses for gear rating:’ The
procedufes described in ISO 6336-20 to ISO 6336-29 are predominantly related to the-tribologicpl
behavioyr of the lubricated flank surface contact. ISO 6336-30 to ISO 6336-39 include example
calculatipns. The ISO 6336 series allows the addition of new parts under appropriate numbers to refleft
knowledge gained in the future.

Requestihg standardized calculations according to ISO 6336 without refefring to specific parts
requires|the use of only those parts that are currently designated as Intérnational Standards (s¢e
Table 1 for listing). When requesting further calculations, the relevant‘part or parts of ISO 6336
need to be specified. Use of a Technical Specification as acceptance criteria for a specific design needls
to be agreed in advance between manufacturer and purchaser.

Table 1 — Overview of IS0.6336

International Technical |Technicql

Calfulation of load capacity of spur and helical gears Standard Specification | Report

Part 1: Bgsic principles, introduction and general influence factors X
Part 2: Cqlculation of surface durability (pitting) X
Part 3: Cqlculation of tooth bending strength X
Part 4: Cqlculation of tooth flank fracture load capacity X
Part 5: Strength and quality of materials X
Part 6: Cqlculation of service life under variable load X

Part 20: §alculation of scuffing load cdpacity (also applicable to bevel
and hypojd gears) — Flash temperature method X
(Replacep ISO/TR 13989-1)

Part 21: Qalculation of scuffing lead capacity (also applicable to bevel
and hypofd gears) — Integrdltemperature method X
(Replacep ISO/TR 13989-2)

Part 22: §alculation-of/micropitting load capacity
(Replacep ISO/TR\15144-1)

Part 30: alculation examples for the application of ISO 6336-1,
IS0 6336127150 6336-3 and 1SO 6336-5

Part 31: Calculation examples of micropitting load capacity
(Replaces: ISO/TR 15144-2)

At the time of publication of this document, some of the parts listed here were under development. Consult the ISO website.

X

X

This document describes the surface damage "warm scuffing” for cylindrical (spur and helical), bevel
and hypoid gears for generally used gear materials and different heat treatments. "Warm scuffing" is
characterized by typical scuffing and scoring marks, which can lead to increasing power loss, dynamic
load, noise and wear. For "cold scuffing”, generally associated with low temperature and low speed,
under approximately 4 m/s, and through-hardened, heavily loaded gears, the formulae are not suitable.

There is a particularly severe form of gear tooth surface damage in which seizure or welding together of
areas of tooth surfaces occurs due to absence or breakdown of a lubricant film between the contacting
tooth flanks of mating gears caused by high temperature and high pressure. This form of damage is
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termed "scuffing" and most relevant when surface velocities are high. Scuffing may also occur for
relatively low sliding velocities when tooth surface pressures are high enough, either generally or,
because of uneven surface geometry and loading, in discrete areas.

Risk of scuffing damage varies with the properties of gear materials, the lubricant used, the surface
roughness of tooth flanks, the sliding velocities and the load. Excessive aeration or the presence of
contaminants in the lubricant such as metal particles in suspension, also increases the risk of scuffing
damage. Consequences of the scuffing of high speed gears include a tendency to high levels of dynamic
loading due to increase of vibration, which usually leads to further damage by scuffing, pitting or tooth
breakage.

Hligh surface temperatures due to high surface pressures and sliding velocities canhinifiate the
breakdown of lubricant films. On the basis of this hypothesis, two approaches to relate-tempefature to
Iybricant film breakdown are presented:

— the flash temperature method (presented in ISO/TS 6336-20), based on contactfemperatures which
vary along the path of contact;

— the integral temperature method (presented in this document), based’on the weighted ayerage of
the contact temperatures along the path of contact.

The integral temperature method is based on the assumption that\seuffing is likely to occur when the
nlean value of the contact temperature (integral temperature) isyequal to or exceeds a corregponding
ctitical value. The risk of scuffing of an actual gear unit carisbe predicted by comparing the integral
t¢mperature with the critical value, derived from a gear test/for scuffing resistance of lubricants. The
calculation method takes account of all significant influencing parameters, i.e. the lubricant (mfineral oil
w{ith and without EP-additives, synthetic oils), the surface roughness, the sliding velocities, the[load, etc.

In) order to ensure that all types of scuffing and comparable forms of surface damage due to the{complex
r¢lationships between hydrodynamical, thermodynamical and chemical phenomena are dealt with,
fyrther methods of assessment may be necessary. The development of such methods is the objective of
ohgoing research.

© 1S0 2017 - All rights reserved vii
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Calculation of load capacity of spur and helical gears —

Part 21:
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Scope

Normative references

he following documents are referred to in the text in such a wdy that some or all of theil

hdated references, the latest edition of the referenced document (including any amendmentsj
0 53, Cylindrical gears for general and heavy engineering < Standard basic rack tooth profile
0 1122-2, Vocabulary of gear terms — Part 2: Definitions related to worm gear geometry

0 1328-1, Cylindrical gears — ISO system of flank tolerance classification — Part 1: Defini
lowable values of deviations relevant to flanks-6f.gear teeth

010300-1, Calculation of load capacity of bevel gears — Part 1: Introduction and general influen

Terms, definitions, symbols and units

1 Terms and definitiohs
br the purposes of this decument, the terms and definitions given in ISO 1122-2 apply.
0 and IEC maintainterminological databases for use in standardization at the following add

ISO Onlinebrowsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at https://www.electropedia.org/

2.7°Symbols and units

his document specifies the integral temperature method for calculating the scuffirig load capacity of
ylindrical, bevel and hypoid gears.

" content

nstitutes requirements of this document. For dated references, only the edition cited applies. For

applies.

lions and

Ce factors

fesses:

The symbols used in this document are given in Table 2.

©

ISO 2017 - All rights reserved


https://www.iso.org/obp
https://www.electropedia.org/
https://standardsiso.com/api/?name=13c0d8e76e1410235140417e40cfaa36

ISO/TS 6336-21:2017(E)

Table 2 — Symbols and units

Symbol Description Unit

a centre distance mm

ay virtual centre distance of virtual cylindrical gear mm

b face width, smaller value of pinion or wheel mm
beB effective facewidth for scuffing mm

Cy specific heat capacity per unit volume N/(mm?2:K)

c’ singtestiffess N7 (e —

cy mesh stiffness N/(mm-ptn\\b'\\

d reference circle diameter mi >
dna effective tip diameter (Tfl"}l

dy tip diameter AN “mm

dp base diameter CA < mm
dm diameter at mid-facewidth 10 mm

ds reference circle of virtual crossed axes helical gear f\\\ mm

dy reference diameter of virtual cylindrical gear \%V mm
dya tip diameter of virtual cylindrical gear (S\\ - mm
dyb base diameter of virtual cylindrical gear A<( - mm

Janl,p recess path of contact of pinion, wheel Q\} mm
Jfn1,p approach path of contact of pinion, wheel . \\}\ ) mm
g* sliding factor 0, —

ham addendum at mid-facewidth of hypoid gear \\\S\ mm

m module . O) mm
Mmn normal module of hypoid gear at mid-’_f\a'ex\v'vidth mm
Msp normal module of virtual crossedﬁ)&)helical gear mm

Np number of meshing gears ,&\0\* —

Pen normal base pitch A mm

u gear ratio A@ ’ —

Uy gear ratio ofvirtual(eﬁl\')l‘drical gear —

v reference line VG%’USE; m/s
Vil,2 tangential Vg}@‘;of pinion, wheel of hypoid gear m/s
Vgyl maximur(?;@ing velocity at tip of pinion m/s
Vgs slidingié‘l’(\)'city at pitch point m/s
Vg1,3 sli@‘(velocity m/s

m/s

Vgl ﬁng velocity
\ A

7

Subscript ;:%

1 pinion

2 wheel

a tip diameter of the virtual gear

b  base circle of the virtual gear

m mid-facewidth of bevel or hypoid gears

n normal section

s  virtual crossed axes helical gear

t  tangential direction

test gear

2 © IS0 2017 - All rights reserved
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Table 2 (continued)

ot

test gear

virtual crossed axes helical gear

tangential direction

Symbol Description Unit
Vgp1 sliding velocity m/s
Vmt tangential speed at reference cone at mid-facewidth of bevel gear m/s
vsc sums of tangential speeds at pitch point m/s
Vss tangential speed m/s
Vsh tangential speed m/s
WRT speeifictoothload,seuffing N
z number of teeth = A
Zy number of teeth of virtual cylindrical gear Y —
Bm thermal contact coefficient q"\\l’/'(mm-sl/Z-K)
C1,C2,C2y | weighting factors g v —
Ca nominal tip relief G‘\b‘) puny
Ceff effective tip relief . - um
E module of elasticity (Young's modulus) <\- N/min2
Fmnt nominal tangential load at reference cone at mid- facew1dth’})u N
Fn normal tooth load rs\\\ N
Ft nominal tangential load at reference circle A{( - N
Ka application factor N\ —
Ky dynamic factor L \\\ N —
KBa = Ko transverse load factor (scuffing) 0:\V —
Kgp = Kyp face load factor (scuffing) ) \\g\v —
Kpy helical load factor (scuffing) . 0.® —
KBpbe bearing factor A\v —
Kua transverse load factor \.U —
Kup face load factor \‘\C\)'t —
Kupbe bearing factor . U\ —
L contact parame@ : —
Ry arithmetic t}u@\roughness pin
Sints scuffing pa{e\tfl factor —
SSmin minerLGim\l{equired scuffing safety factor —
T1 t@q‘@‘of the pinion N
T1T ‘Qcaffing torque of test pinion Nnj
XBE \0 geometry factor at pinion tooth tip —
run-in factor —
%\ tip relief factor —
Strtyser TptsT
1 pinion
2 wheel
a tip diameter of the virtual gear
b  base circle of the virtual gear
m mid-facewidth of bevel or hypoid gears
n normal section

© IS0 2017 - All rights reserved
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Table 2 (continued)

normal section

=

s  virtual crossed axes helical gear

ot

tangential direction

T testgear

Symbol Description Unit
Xc geometry factor of hypoid gears —
XL lubricant factor —
XM thermal flash factor —
Xq approach factor —
XR roughness factor —
Xs trtesttortaetor —
Xw welding factor of executed gear — A\
Xwl welding factor of test gear -0)>
Xwrelr relative welding factor Q,A -
Xmp contact factor O —
Xap pressure angle factor G‘\b‘) —
X contact ratio factor . c)\.} —
a pressure angle ,.&\ °
Q) normal pressure angle at mid-facewidth of hypoid gear K N °
an normal pressure angle rs\\\ °
Qsn normal pressure angle of crossed axes helical gear A{( - °
st transverse pressure angle of crossed axes helical gear °
at transverse pressure angle ) ‘\\\\ °
at’ transverse working pressure angle O, Nt °
Ayt transverse pressure angle of virtual cylindrig:&?;ar °
ay arbitrary angle . 0.® °
B helix angle K\ °
Bo helix angle at base circle , A\ °
Bm helix angle at reference cone af\m{ﬁﬁfacewidth of hypoid gear °
Bs helix angle of virtual crossqcﬂai\es helical gear °
Y auxiliary angle @ : °
9 reference cone anglﬁ.o\ °
&a recess contact rqhqv —
&t approach collt\gi.)\rlatio —
&n contact r@i@l‘ normal section of virtual crossed axes helical gear —
€1 adder{QQ'n\éontact ratio of the pinion —
) ad\@m;m contact ratio of the wheel —
Eq B @;Ct ratio —
Eva O/\\ transverse contact ratio of virtual cylindrical gear —
Subscriptsr —
1 pinion
2 wheel
a tip diameter of the virtual gear
b  base circle of the virtual gear
m mid-facewidth of bevel or hypoid gears

© ISO 2017 - All rights reserved
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Table 2 (continued)

Symbol Description Unit
&vl tip contact ratio of virtual cylindrical pinion —
&v2 tip contact ratio of virtual cylindrical wheel —
3 Hertzian auxiliary coefficient —
HmcC mean coefficient of friction —
Noil dynamic viscosity at oil temperature mPa-s
I‘)I.lvl h\,at \,Undu\,ti'v'it"y' }\\T/Lo K)
. 1 . 7
1% Poisson's ratio . AW
V40 kinematic viscosity of the oil at 40 °C .(%QIZ/S' cSt
PE1,2 radius of curvature at tip of the pinion, wheel q"\ : mnj
PCn relative radius of curvature at pitch point in normal section n_(b' v mn+
Pni1,2 radius of curvature at pitch point in normal section (."33‘) mn+
PredC relative radius of curvature at pitch point . - mnj
n Hertzian auxiliary coefficient A~\ —
J Hertzian auxiliary angle . N °
9flaE flash temperature at pinion tooth tip when load sharing‘\ks}leglected K
\J
Oflaint mean flash temperature A{( K
Iflainth mean flash temperature of hypoid gear 0\) K
N
Yint integral temperature L 0\\ K
Yintp permissible integral temperature O, K
Jints scuffing integral temperature (allowab\&\\'ﬁtegral K
temperature) .
IflaintT mean flash temperature of the @géear K
9oil oil sump or spray temperatur@) °C
IM-C bulk temperature (-\,L‘ °C
IMT test bulk temperatur€)\\ °C
10) axle angle ofvirtuRI crossed axes helical gear °
. N .
2 crossing ang[@lrtual crossed axes helical gear °
©QE run-in grﬁg&) —
r pararpg%r)on the line of action —
Subscripts: »
1 pinion Q..Q
2l  wheel Q?‘
a tip%\ ter of the virtual gear
b circle of the virtual gear
id-facewidth-ef bevelorhyp

3z id ocao
bevel-or-hypoid-gears
n normal section
s virtual crossed axes helical gear

t  tangential direction

T testgear

© IS0 2017 - All rights reserved 5
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4 Field of application

4.1 General

The calculation methods are based on results of the rig testing of gears run at pitch line velocities
less than 80 m/s. The formulae can be used for gears which run at higher speeds, but with increasing
uncertainty as speed increases. The uncertainty concerns the estimation of bulk temperature,
coefficient of friction, allowable temperatures, etc. as speeds exceed the range with experimental
background.

4.2 Scpffing damage

When once initiated, scuffing damage can lead to gross degradation of tooth flank surfaces, with
increaselof power loss, dynamic loading, noise and wear. It can also lead to tooth breakage if the severity
of the oglerating conditions is not reduced. In the event of scuffing due to an instantanéous overloa(d,
followed|immediately by a reduction of load, e.g. by load redistribution, the tooth fldriks may self-hepl
by smoothing themselves to some extent. Even so, the residual damage will continue to be a cause pf
increasefl power loss, dynamic loading and noise.

In most ¢ases, the resistance of gears to scuffing can be improved by using-g-ubricant with enhanced
extreme|pressure (E.P.) properties. It is important, however, to be aware that some disadvantages
attend the use of E.P. oils, e.g corrosion of copper, embrittlement of elastomers, lack of world-wide
availabiljty, etc. These disadvantages are to be taken into consideration if optimum lubricant choice fis
to be mafe, which means as few additive as possible, as much as nécéssary.

Due to continuous variation of different parameters, the cémplexity of the chemical properties arld
the thermo-hydro-elastic processes in the instantaneous.€ontact area, some scatter in the calculatgd
assessments of probability of scuffing risk, is to be expected.

In contrdst to the relatively long time of developmentef fatigue damage, one single momentary overlodd
can initigte scuffing damage of such severity thataffected gears may no longer be used. This should he
carefully considered when choosing an adequate-safety factor for gears, especially for gears required to
operate gt high circumferential velocities.

4.3 Integral temperature criterion

This appfoach to the evaluation©fithe probability of scuffing, is based on the assumption that scuffing
is likely fo occur when the mean value of the contact temperatures along the path of contact is equpl
to or ex¢eeds a corresponding "critical value". In the method presented herein, the sum of the bulk
temperature and the weighted mean of the integrated values of flash temperatures along the path pf
contact if the "integral\temperature”. The bulk temperature is estimated as described under 6.1.6 arjd
the mean value of theflash temperature is approximated by substituting mean values of the coefficient
of frictign, the dynamic loading, etc., along the path of contact. A weighting factor is introducef,
accountipg for possible different influences of a real bulk temperature value and a mathematically
integrat¢d mean flash temperature value on the scuffing phenomenon.

The probability of Scuffing 1S assessed by comparing the integral temperature with a corresponding
critical value derived from the gear testing of lubricants for scuffing resistance (e.g. different FZG test
procedures, the IAE and the Ryder gear tests) or from gears which have scuffed in service.

5 Influence factors

5.1 Mean coefficient of friction, yyc

The actual coefficient of friction between the tooth flanks is an instantaneous and local value which
depends on several properties of the oil, surface roughness, lay of the surface irregularities such as
those left by machining, properties of the tooth flank materials, tangential velocities, forces at the

6 © IS0 2017 - All rights reserved
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surfaces and the dimensions. Assessment of the instantaneous coefficient of friction is difficult since
there is no method currently available for its measurement.

The mean value for the coefficient of friction, umc, along the path of contact was derived from
measurementsl[4] and approximated by Formula (1). Although the local coefficient of friction is near to
zero in the pitch point C, the mean value can be approximated with the parameters at the pitch point
and the oil viscosity, 1o}, at oil temperature, Joi;, when introduced into Formula (1).

0,2
wBt KB W _
umr:0,045-(—7 0% Xg Xy (1)
ksz'predC)

Npte Formula (1) is derived from testing of gears with centre distance a * 100 mm.

The coefficient of friction of the integral temperature method takes account of the size of the|gear in a
d|fferent way as the coefficient of friction of the flash temperature method. Formula”(1) for callculating
the coefficient of friction should not be applied outside the field of the part where it is presented, e.g.

coefficient of friction for thermal rating.
/ b 0,2
Fp -0,05_ ,0,
VIC Predc

© IS0 2017 - All rights reserved 7
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0,2
is0,75- L 1 for polyglycols;
vVyC

X1, is 1,0 for mineral oils;

XL 1s 0,8 for polyalfaolefins;

X1, 1s 1,5 for traction fluids;

X1 1s 1,3 for phosphate esters.
Formula|(2) represents results of tests within a range of a = 91,5 mm to 200 mmThe applicatign
of this fgrmula makes it necessary to adjust Figures 9, 10 and 11 for the scuffing temperature, Jinf{s,

accordingly.

The fornjula for the calculation of ymc was derived from experiments in the fellowing range of operating

conditioms. Extrapolation may lead to deviations between the calculated*and the real coefficient pf
friction.
1mjs<v<50m/s
At reference line velocities, v, lower than 1 m/s, higher coefficients of friction are expected. At referenge
line velo¢ities, v, higher than 50 m/s, the limiting value of vygat v=50 m/s has to be used in Formula (1).
wgt 3 150 N/mm

For lowefr values of the specific normal tooth load;'wgt, the limiting value, wgy = 150 N/mm, has to be

used in Hormula (1).

vxce

Preds:

WBt

ratio (se¢ Figured),

=2-v-tang , -cos, (3

__u My ®
(1+u)®> cosfy

F :

FKa Ky Kpg KBy — ($)

b

A1
ot

e helical load*factor. Scuffing takes account of increasing friction for increasing total conta
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1,35

13 ——

1,25 /
1,2 yd

Kpy

where

XL

XL

X1,

KBy

XR:Z’Z'(Ra/predC)

1,15 /’
1,1

1,05 /

total contact ratio, &y
helical load factor, Kgy

Figure 1 — Helical load<actor, Kg,

KByzl for gyS 2
:1+0'2'\/(€y—2)'(5—8y) for2< gy< 3,5

KB?,=1,3 forgyz 3,5

Ra=0,5-(Ra1tRa2)

0,25

is 1,0/for mineral oils;
is 0,8 for polyalfaolefins;

is 0,7 for non-water-soluble polyglycols;

35 4 X

Rh1 and Ry are the tooth flank roughness values of pinion and wheel measured on the new
nlanufactured (e.g. referencestest gear roughness values, Ry, are = 0,35 um).

(6)

(7)

Flanks as

(8)

XL
XL

XL

is 0,6 for water-soluble polyglycols;
is 1,5 for traction fluids;

is 1,3 for phosphate esters.

5.2 Run-in factor, Xg

The present calculation methods presume that the gears are well run-in. In practice, scuffing failure
occurs very often during the first few hours in service, e.g. in a full load test run, the acceptance run of
vessels or when a new set of gears is built into a production machinery when the gears are run under
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full load
of a new

conditions before a proper run-in. Investigations[4] show a 1/4 to 1/3 load carrying capacity
ly manufactured gear flank compared to a properly run-in flank. This should be taken into

account by a run-in factor, Xg, as shown in Formula 9:

30-R,

Xg=1+(1-9g) 9)
Predc
where
(p o1 £l vey3n 3 nlfor car 1o dand gronind ogaqec £10 i 30 ~an ha acciinan d3f
E 5+ ¥ tor-carburtzeaana-grouha-gearsan+ cah-be-assunea

®PE

5.3 Th

The ther
on the fl

Calculation of the thermal flash factor for an arbitrary point (index y) on the-liné of action (see Figure )

is shown

XM

a  Tip ¢

s 0, newly manufactured.

ermal flash factor, Xy
mal flash factor, X, accounts for the influence of the properties of the pinionand gear materialls

sh temperature.

in Formula (10):

0,25

5 Ja+I)+ /(1—5)
: ! 1)

1-n 2 1-n 2 K
V1, TV Bm1N(@+T)+Bumz2 /(1)
E1 E> u
ircle'1.

b Tip circle 2.

10

Figure 2 — Parameter " on the line of action
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tan OCy

tana/

(11

If the materials of pinion and wheel are the same, Formula (10) can be simplified as shown in

Formula (12):

EO,25

Xm= 240,25
(1-ny*)™*-Bwm

(12)

I the above formula, the thermal contact coefficient, By, is shown in Formula (13):
Bm=+(AM-cv)

For case hardened steels with the following typical characteristic values:
A =50N/(s - K), ¢y =3,8 N/(mm?2 - K), E=206 000 N/mmZ2 and v =0,3
fdllows

XVI = 50’0 K-N-0,75.50,5.m-0,5 . mm

T

br the characteristic values of other materials, see Reference [10].

5{4 Pressure angle factor, X,

The pressure angle factor, Xqp, is used to account for the conversion of load and tangential sp
ré¢ference circle to pitch circle.

Method A: Factor Xqp-a is shown in Formula (14}

(sinO'ZSat, -c0s"%°arp 005 "2°B)

(coso'sat, ‘coso'sat )

Xop-a=122"

R |3

L = 20°, the typical range of standard working pressure angles, a;', and helix angles, S.

Table 3 — Method B: Factor X5

(13)

bed from

(14)

hble 3 shows the values for the pressure angle factor, Xqp, for a standard rack with pressufre angle,

at' p=0° 10° 20° 30°
19° 0,963 0,960 0,951 0,938
20° 0,978 0,975 0,966 0,952
21° 0,992 0,989 0,981 0,966
22° 1,007 1,004 0,995 0,981
23° 1,021 1,018 1,009 0,995
24° 1,035 1,032 1,023 1,008
25° 1,049 1,046 1,037 1,012

As an approximation, for gears with normal pressure angle, an = 20°, the pressure angle factor can be

approximated as follows:

Xaﬁ-B =1

© IS0 2017 - All rights reserved
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6 Calculation

6.1 Cylindrical gears

6.1.1 General

This clause contains formulae which enable the assessment of the "probability of scuffing" (warm
scuffing) of oil-lubricated, involute spur and helical gears.

helical g
influenc
single he

made, arg

The for

defined i
geometr
other ba

6.1.2

As uncer
a safety
is not a
tempera

Sint9

Recommiendation for choosing Ssmin:

SSmin < 1

1< SSmin

SSmin > 2

Given thq
load safe

Ss17

Pars. When due to appllcatlon of forces such as external axial forces, thlS is not the case, th
¢s of these are to be taken into account separately. The two helices are to be treated as-parall

lical gears. Influences affecting scuffing probability, for which quantitative assessments’can |
included.

ulae are valid for gears with external or internal teeth which are conjugaterto-a basic rack §
n [SO 53. For internal gears, negative values have to be introduced for the detérmination of t}
y factor, Xgg, as presented in 6.1.11. They may also be considered as validfor similar gears
bic rack forms, of which the transverse contact ratio is g4 < 2,5.

cuffing safety factor, Sints

factor, Sints. It must be pointed out, that the scuffing safety’factor is temperature-related arg
factor by which gear torque may be multiplied to artive at the same values for the integr
ure number, Jjnt, and the scuffing integral temperattire number, 9jnts.

25 Smin
ﬂint

High scuffing risk

<2  Critical range with moderate scuffing risk, influenced by the operating conditions of t}
actual gear. Influencing factors are, e.g. the tooth flank roughness, run-in effects, t
accurate knowlédge of the load factors, the load capacity of lubricating oil, etc.

Low scuffingrisk

 relationship between the actual load and the integral temperature number, the correspondit
ty factor, Ss;,Can be approximated by Formula (16):

WBtmax Vints — Vol (1(
WBteff Uint — Vil

tainties and inaccuracies in the assumptions cannot be excluded, it is necessary to introdu¢

=l9int5> (1_

1e
el

\S
1e
Of

1
1S

18

J)

6.1.3 Permissible integral temperature, Jintp

DintP =

S Smin

The minimum required scuffing safety factor, Ssmip, is to be separately determined for each application.

12
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6.1.4 Integral temperature, 9t

Dint =M T C 2 P flaint < Fintp (18)

where (3 is the weighting factor derived from experiments. For spur and helical gears, C; = 1,5.

Uflaint = UflaE" X e (19)

1.5 Elash tembperature at ninion tooth tin. 9« =
v ¥ peratureatp Beot Uy St

ong the path of contact resulting from the combined effects of gear tooth geometry) load) friction,

6

The flash temperature is the calculated increase in gear tooth surface temperature at-a ‘given point
a

velocity and material properties during operation.

075 05
(KBy wed)"" v xg

UflaE=Hme XM XBE XoB°
m B |a|0,25 XQ'XCa

(20)

6/1.6 Bulk temperature, 9y

6/1.6.1 General

The bulk temperature is the temperature of the tooth surfaces immediately before they cpme into
contact.

The bulk temperature is established by the thermal balance of the gear unit. There are several sources
of heat in a gear unit of which the most importantare tooth and bearing friction. Other sourcef of heat,
stich as seals and oil flow, contribute to some_extent. At pitch line velocities in excess of 80 m/s, heat
filom the churning of oil in the mesh and wirdage losses may become significant and should [be taken
irfto consideration (see Method A). The heat is transferred to the environment via the housing walls
by conduction, convection and radiatiphivand for spray lubrication conditions through the ofl into an
e

xternal heat exchanger.

Vhlues obtained using the differentcalculation methods described below are to be distinguished by the
stibscripts A, B and C.

1.6.2 Method A, 9y

easured experimentally or be determined by a theoretical analysis based on known power{loss and

6

The bulk temperature as a mean value or as temperature distribution over the facewidth can be
1]

heat transfer datd, i.e. by using thermal network methods.

6(1.6.3 «——Method B, 9v-p

This.method is not used for the integral temperature method (see the flash temperature metHod given
IHS6/FS-6336-205

6.1.6.4 Method C, Iu-c

An approximate value for the bulk temperature consists of the sum of the oil temperature and a part
of a mean value derived from the flash temperature over the path of contact according to method C, as

shown in Formula (21):
M- =Voil T C1° X mp " Pflaint* XS (21)
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where
Xs is 1,2 for spray lubrication;
Xs is 1,0 for dip lubrication;

Xs is 0,2 for gears submerged in oil;

Cl S the constant dccounting ror heattransfer COI’ldlUOIlS, from testresults C1 =0,/

1+np
2

me
wherp ny, is the number of meshing gears.

6.1.7 Mean coefficient of friction, unc

See 5.1.

6.1.8 Run-in factor, Xg

See 5.2.

6.1.9 Thermal flash factor, X

See 5.3.

6.1.10 Pressure angle factor, X,z

See 5.4.

6.1.11 Geometry factor at tip of pinion, Xgg

The georpetry factor, Xgg, takes account for Hertzian stress and sliding velocity at the pinion tooth tip.
XBE is a flunction of the gear ratio; i-and the radius of curvature, pg, at the pinion tooth tip, E.

For internal gears, the following parameters have to be introduced as negative values:
— numper of teeth, zy:

— gearjratio, u;

— centfe distanee, a;

— all djameters.

— PE2
|Z7..| pEl_ T

xpe=0,51- 22 (y+1)- L (23)
Z2 (Pg1-lpE2l)”

PE1=05" d51—dpy (24)

PE2=a-Sing, —pgq (25)
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The approach factor, Xq, takes into account impact loads at the ingoing mesh (at the tooth tip of driven
gear) in areas of high sliding. It is represented by a function of the quotient of the approach contact

ratio, &1, over the recess contact ratio, &5 (see Figure 3).

£
Xq =1,00 for-L£<1,5 (26)
ga
DD, S0 -1 SR -T SN
Xq-L4tb=—— for £;5=—<3 (27)
15 g, Ea
Ef
Xq=0,60 for 3<— (28)
€a
Ef=E€2 . .
when the pinion drives the wheel (29)
Ea—™€1
EfTE€1 R .
when the pinion is driven by the wheel (30)
EQaTE€E2
d 2
Z1 al
== — | =1 —tan 31
17 on (dle oy (31)
lzdl | [ daz |
Z2 a2
===.1 == -1 —tan_, 32
27 o [dm] o (32)
When tooth tips are chamfered or rounded, the tip diameter, d,, has to be substituted by the |effective
tip diameter, dyg, at which the recess is starting.
Y
1,2
1
0,8 AN
N
0,6
0,4
0,2
0
0 1 2 3 5
Key
X approach contact ratio, &f/recess contact ratio, &,
Y approach factor, Xq
Figure 3 — Approach factor, X
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6.1.13 Tip relief factor, Xc,

Elastic deformations of loaded teeth may cause high impact loads at tooth tips in areas of relatively
high sliding. The tip relief factor, Xc,, takes account of the influences of profile modifications on such
loads. Xc, is a relative tip relief factor which depends on the actual amount of tip relief, Cy, related to the
effective tip relief due to elastic deformation, Cefr (see Figure 4).

The curves in Figure 4 can be approximated by Formula 32:

n(Ca \—| '|_GGZ' Q(Ca \—| 2 33)

Xca Fr+T0,00—+ 6,18 Tmax ) € max L
L LCeffH L kCeffM

where emax is the maximum value, €1 or €3.

Y i
2,2
2 //\’ :/
Lo
1,8 Q} 7
\e)
16 //“/ //
14 /4 Sl =
N
P
1 -

=]
2
N
=
S
2
[e)
A
o]
—_
=
N

Key
X maximum value, £max, of £1 0r.£>

Y tip rdlief factor, X¢q

Figure4 — Tip relief factor, Xc,, due to experimental datal11][12]

The nomfinal amoeunt of tip relief, C,, to be introduced into Formula (33) depends on the actual values pf
tip relief] Cyand, Cy2, the effective tip relief, Ceff, the ratio of addendum contact ratios and the directiqn
of power] flew.

When the pinion drives the wheel and €1 > 1,5 € or the pinion is driven by the wheel and €1 > (2/3) €3,

Ca=Ca1 for Calgceff (34)
Ca=Ceff for Cu1>Ce (35)

When the pinion drives the wheel and €1 < 1,5 €; or the pinion is driven by the wheel and €1 < (2/3) €3,

Ca=Ca2 for Caz<Ces (36)
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Ca= Cefr  for Caz>Cer (37)

where Cefr is the effective tip relief, that amount of tip relief which compensates for the elastic
deformation of the teeth in single pair contact.

Ceff + K[j\ : Ift for spur gears (38)

yal 1 KA ) Ft 1

ot ferheliealcears (39)
b-cy

where b is the facewidth.

h—

fithe facewidth of the pinion is different from that of the wheel, the smaller is determinant.

—

p relief, as described above, applies to gears of ISO accuracy grade 6 or better, in accordapnce with
140 1328-1. For less accurate gears, Xc, is to be set equal to 1 (see also ISO 6336-1).

6{1.14 Contact ratio factor, X,

The contact ratio factor, X, converts the flash temperature valuae ‘at the pinion tooth tip, when load
sharing is neglected, to a mean value of the flash temperature‘over the path of contact. Th¢ contact
ratio factor can be expressed in terms of addendum contact'ratios, €1 and &2, and their sum &,. The
fqrmulae for X; are based on an assumed linearity of theé fldsh temperature over the path of contact.
Ppssible errors due to this approach will be unlikely to eéxceed 5 % and will always be on the safe side.

Foreqga<1,e1<1,ep< 1:

1
Xg+—'(812+822) (40)
2-£4- €1

Forl1<eys<2,e1<1,e2<1 (seeFigureb):
1

= -|:0,70~(512+822)—0,22-ga+0,52—0,60-81-32} (41)
26461

Xe

Foprl<eg<2,e121,ep<4:

1

Forl<eg<2€1<1,e21:

;-(O,7O~812+0,18«322-0,52-31+0,82-g2— 0,30-81'52) (43)

X =
€ 2-£0- €1

F o | 2 L I £\
Ul 4 =Cy J,c] =cZPCCLISUIT U]J.

= '(0,4-4-'812+0,59'8224—0,30'31—0,30'82—0,15'81'32) (44)
2-e4°€1

Xe

For 2 < g4 < 3, €1 < &2 (see Figure 6):

Xg=;-(0,59-812+ 044-£,2 = 0,30-£1+0,30-¢, — 0.15-31-52) (45)
264 €1
Eq=&1t+&2 (4'6)
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Y1
1
2/3
1/3
0 | |
A
Y2 &
160 - )
'~9int E
L o
140 - £
&
D
B E
& O
D
120
u -
B S
L E
100 os‘z"
I~ ’90il G
80 -
0! & oL o o &
A B C D E X
Key
distribution of contact temperature
appréximated distribution
path pf contact
Y1 load
Y2 templerature,°C

Figure 5 — Load and temperature distribution for 1,0 <&, < 2,0
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Y1

2/3

1/3

A C M E X

a) Load distribution along the path of contact
Y2

’9int

I (€= 1)

Cy- l9ﬂaint

A C M E X

b) Temperature distribution along the path of contact
2

real load distribution

approximated load distfibution

distribution of contdctjtemperature

path of contact

| load

P temperature

< < X W N e

Figure 6 — Load and temperature distribution for 2,0 < ¢, < 3,0

6.2 Bevel gears

6.2.1 General
This document follows the integral temperature method as described in 6.1.

For the calculation, the bevel gears are approximated by equivalent cylindrical gears at the mean
diameter, dpy, of the bevel gear set (see ISO 10300-1 for the calculation of the virtual cylindrical gear).
For this reason, the structure of the calculation methods specified in this document corresponds to that
of cylindrical gears.
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Scuffing is calculated according to 6.1.1 for the virtual cylindrical gear substituting the bevel gear at
the mean diameter in the transverse section.

6.2.2 Scuffing safety factor, Sints
See 6.1.2.

6.2.3 Permissible integral temperature, 9jytp

See 6.1.

ermissible integral temperature, 9inp

or virtual cylindrical gear

6.2.5 [Flash temperature at pinion tooth tip, Jq,E

See 6.1.5] with the following substitutions:

— in Fqrmula (20): ay instead of a

Vmt instead of v

— in Fqrmula (5): Fiyt instead of Fe

beg instead of b

The effeqtive face width, bep, takes account of the crowmning of bevel gears.

bepq0,85: by (47)

where by is the common tooth width of\pinion and wheel.
The factors Ka, Ky, Kgg = Kyp and £ = Ky shall be determined in accordance with ISO 10300-1.
KB)/ F 1

6.2.6 Bulk temperature/d)y

See 6.1.6

6.2.7 Mean coéfficient of friction, unc

See 5.1, with the following substitutions:

in & T Auu}a r| 5\|. Ir'mt ;uotcad Uf lr'[
bep instead of b

For the conditions of usual bevel gear design, a;” = ayt, i.e. x1 = — x2:

VZCZZ'th'Sin(XVt (48)

6.2.8 Run-in factor, Xg

See 5.2.
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6.2.9 Thermal flash factor, X

See 5.3.
6.2.10 Pressure angle factor, Xyp

6.2.10.1 Method A: Factor Xys.

For the conditions of usual bevel gear design, a;” = ayy, i.e. x1 = — x2:

. 0,25
Xaﬁ_A - 1’22 Sin On

COSO'75 O vt

[=))

2.10.2 Method B: Factor X8
S¢e 5.4.

6/2.11 Geometry factor at tip of pinion, Xgg

S¢e 6.1.11, with the following substitutions:

in Formula (23): uy instead of u
in Formula (24): dya1 instead of dyq

dyb1 instead of dp1

in Formula (25): ayt instead of at”

6{2.12 Approach factor, X

See 6.1.12, with the following substitutions:

in Formula (29) to (32): €y1 instead of €1

eyninstead of &2

in Formula (31) and (32): dya1,2 instead of da1,2

dyp1,2 instead of dp1,2

ayt instead of at”

Zy1,2 instead of z1 2

6|2.13\/Tip relief factor, Xc,

— in Formula (33): eymax instead of £max

Evmax Maximum value &y] or €y2

(49)

It is assumed that tip and root relief are chosen as optimum values for the operation conditions (full-
load contact pattern spreads just to tip without concentration). Then the following approximation

applies:

c
Ca= Ceffand_a:1
eff

© IS0 2017 - All rights reserved
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6.2.14 Contact ratio factor, X;

See 6.1.14, with the following substitutions in Formulae (39) to (45) and its conditions of validity:

— &yginstead of &g;

— &y instead of &1;

— &y instead of &3.

6.3 Hy

6.3.1 (

This cald
criterion

For the ¢
axes heli
crossed 3

6.3.2

See 6.1.2].

poid gears

heneral

ulation method of the scuffing resistance of hypoid gears follows the integral témperatur

of cylindrical gears according to 6.1.

nlculation of the scuffing resistance, the hypoid gears are approximated by‘equivalent crosseg
cal gears with the same sliding conditions as the actual hypoid gears (s€ée6.3.12 for the virtu
ixes helical gear pair).

cuffing safety factor, Sints

6.3.3 Permissible integral temperature, 9j,tp

See 6.1.3]

6.3.4 Integral temperature, 9y

See 6.1.4

— in Fd

Ulait

Fn 3
KBp

KBph

with the following substitutions:
rmula (18): Cpy instead of C7 (C211'="1,8 according to test results)

Uflainth insteadvof Ofiaint

XE Xg Xe
h:]_]_(). Fn-Ka Kpg'wii U oo b 28 (5
: \/ ! Rt Fme XqQ Xca
2000-T4 5
COSU - COS P 1 dm1
=15 Kppbe (5

e &-Ktpbe (see ISO 10300-1).

)

6.3.5 Bulk temperature, 9y

See 6.1.6

22
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6.3.6 Mean coefficient of friction, ¢
See 5.1, with the following substitutions:
— in Formula (1): pcy instead of pred ¢

— in Formula (5): beg/cosfp2 instead of b
o isteadof ¢

Lg: see Formula (47).

Kgy=1

S

KBp - KBa =2,0 (approximation only for the calculation of pmc)

XR [see Formula (8)] with pcy instead of preqdc.

6{3.7 Run-in factor, Xg

wn

pe 5.2, with the following substitution in Formula (9):

- pcn instead of predc

[=))

3.8 Geometry factor, Xg

The geometry factor, Xg, accounts for the mean Hertzian stress and the mean contact length 4
path of contact. As an approximation it can be determined by using the values at the pitch poin

sinY, 1

_ C05[352 Pcn
XG~= -
\/L~sm/351 + \/L'cosﬁsl-tanﬂsz

2 .2
L:_. .
35 n

For £ and 7, see Figure.#or Formulae (58) to (61) according to Reference [13].

(54)

hlong the
L (an; L)

(55)

(56)
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Y24 Y1
10 B 1 \
9 0,9 \
8 0,8 \
7 0,7
6 0’6 \ /,/
_—
5 | 0'5 \\ /
]
4 | 0,4 PN
3 0,3 Pl T~
\\
2 B 0,2 // \.\
1r 0,1 /
0 - 0

0° 5° 10° 15° 20° 25° 30° 35° <20° 45° 50° 55° 60° X1

| I | — I 7 T | | | | |

- |
X2 1 0,99 0,98 094 09 0,8 0,7 0,6 0,5

Key
X1 Herzfian auxiliary angle, 9
X2 cosY
Y1 Herzfian auxiliary coefficient, n
Y2 Herzfian auxiliary coefficient, {

Figure 7 — Theé auxiliary coefficients x and h as a function of cos?9

cosy = P, 12 + 12 + 2-cos2¢ (57)
Puil~Pnz Pn1 Pn2
For 0 < cpsd) < 0,949,'see Formula (58) and (59):
In(1-cos®)
Iné 3 7 (58)
—1,53+U,333-in(l—Lobﬁ)+0,0407-[irl(i—wbﬁ)]
Inn = In(1-cos?d) _ (59)
1,525-0,86-In (1-cos®)-0,0993 [ In (1-cosv)]
For 0,949 < cos9 < 1, see Formula (60) and (61):
Iné = \/—0,4567—0,4446.1n(1—cos0)+o,1238.[1n(1—cos19)]2 (60)
Inn = —0,333 +0,2037-In (1—c050)+0,0012-[1n(1—cos19)]2 (61)
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6.3.9 Approach factor, X,

See 6.1.12, with the following substitutions:

— in Formulae (29) to (32): &n1 instead of €1

&n2 instead of €

6.3.10 Tip relief factor, Xc,

ISO/TS 6336-21:2017(E)

S

tq

[

FE 6.1.13, witiTthe folfowing substitution:
in Formula (33): enmax instead of emax

Enmax Maximum value of €41 or €2

br adequate tip and root relief,

Ca/Cer=1 (see 6.2.13).

3.11 Contact ratio factor, X;

1 * [ Vayl
Xe = —'[1+0,5~g [g—ylﬂ
VEn Vgs ™

2 2
* gan1+gan2

g =—
Jan1 T dan1 Jan2

unity.

3.12 Calculation of virtual crossed axes helical gears

(62)

(63)

br gear pairs with about the same length of récess paths (gan1 = gan2), the sliding factor gf is close

his part contains geometrical relationships to convert a hypoid gear pair to a crossed axes helical gear
hir. The conditions at mid-facewidth of hypoid gears are taken as basis for conversion (see Figure 8).

©
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Key

N SURI ORI

26

hypojd-gears

vertical view
plane view
Mean virtual screwed helical gears.

Figure 8 — For the calculation of virtual crossed axes helical gears
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Data of the virtual crossed axes helical gear:

Helix angle

ISO/TS 6336-21:2017(E)

/351,2:ﬁm1,2 (64)
Normal pressure angle

C'sn=0lmn (65)
Crossing angle of crossed axes helical gear

2=Bm1=Bm2 (66)
Transverse pressure angle, ast1,2

tan grgqg o = —onbsn_ (67)

cosfB¢y 5
Bhse helix angle, fp1,2
Reference circle
na= o (©9)

Tip diameter

da1,2=ds1,2+2 ham1,2 (70)
Bpse circle

db1,2=ds1,2" COS@Lit2 (71)
Alxle angle of cnossed axes helical gear

tan Bggy=tanfB 1 ,-singmy (72)

R=PBp1t B2 (73)
Module

Msn=Mmn (74)
Normal base pitch

Pen=Msn T COSorgy (75)
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Radii of curvature in normal section

. 2
sin“ort1,2
=0,5-dg1 9 ———= 76
Pn1,2 51,2 —— (76)
Pn1 P
pcn — nl n2 (77)
Pn1tPn2
Tangentigl velocities
T-n1-dmi
: 78
171760 000 7P
cos 4
veva ——— (79)
cos 3,
Sum of the tangential speeds at pitch point v5¢ (bs1, bs2 positive)
: : cos f3
Vss FVy (smﬁsl +sin s, - s ] (89)
cos fB¢»
Vs =2y cos Bgqsinagy, 8N

Ve :\/VZZS+V22h (8¢)

Sliding vElocity at pitch point
sinY,
VgsVtl- (83)
cos B,

Maximuin sliding velocity at tip of pinion vgy1

[ 2 2
Veyif~yVga1 T Vg1 (84

cosByq i
Vel T2 vl Ganl 75,7 (8%)
ds1
cos 34, I
vg2q2 vieGanz’ : (86)
ds2
V1o from tany,,=singg -tanf,, (81N
Vga1=Vgl COSY1+vgp COSY, (88)
VgB1=Vgst Vg1 SNy —vgy-siny, (89)
Path of contact
AE:gan1+gan2 [90)
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2 _ 2 2 _ 2
0’5(\/da1_db1 _\/dsl_dbl) —

Yat1
an1 cos B, cos B, Gfn2
2 2 2 2
0'5'(\/da2_db2_\/ds2_db2) —
ganZZ :SA:gfnl

cos By,

Contact ratio in normal section

(91)

(92)

T
C3

T
Ile
th

—

[¢

€]
a

6

AE
En=

Pen

_ Yan1,2
€n1,2=

en

4 Scuffing integral temperature

4.1 General

he scuffing integral temperature is the limiting value of the/temperature at which scuffing
an be calculated on the basis of test results.

his method is valid for all types of oils (pure mineral oils; EP-oils, synthetic oils) for which thg
ad capacity has been determined in a test gear (suitable tests are, for example, the FZG-test 4
le FZG L-42 test, the Ryder gear oil test or the [AE gear oil test), or by an actual case of damag

he scuffing temperature shall be corrected when material and heat treatment of the test gea

4.2 Scuffing integral temperature; Jints

4.2.1 General

rcording to the integral\temperature postulate, gears are likely to scuff when the me

ssumed to be charaeteristic for the lubricant and gear material combination of a gear pair an
btermined by testing’a similar lubricant and gear material combination.

scuffing integral temperature number can be derived from the results of any gear oil scuffin
ntering the'test data into the formulae in 6.1, 6.2, 6.3. Thus, scuffing integral temperature nur
1y oil, straight mineral, EP or synthetic, can be evaluated.

4:2.2 Calculation of the scuffing integral temperature

(93)

(94)

ccurs. It

scuffing
1/8,3/90,
e.

I are not

entical with that of the actual gear, as the lithiting temperature is a function of the material-oifl system.

an flank

mperature exceeds a ‘value termed the scuffing integral temperature number. This nyimber is

d is to be

g test by
nbers for

The approximate scuffing integral temperature number of heat or surface-treated gear steels in
combination with a mineral oil, can be derived from that of a combination of gear steels with other heat
or surface treatments and the same lubricant.

VintS =OMT + X WrelT ' €2 D laintT

where C = 1,5; derived from experiments.
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6.4.2.3 Determination of 9y, 9faintT from test results

Figure 9 shows the diagram for mineral oils in case that the scuffing load capacity is determined in an
FZG-Test A/8,3/90 in accordance with DIN 51354[5], in a Ryderl(6] or an FZG-Ryder test[Z] and in an FZG
L-42 test(8].

For computer calculations the diagrams in Figures 9 to 11 can be approximated by the following
formulae:

a) Forthe FZG test A/8,3/90:

OmTE80+0,23-T17- X1 (96)
100 0,02

l9ﬂai1 tTZO:Z'TlT' 'XL (9'7)
Y 40

T17¥3,726 - (FZGload stage)? oy

b) For fhe Ryder and the FZG-Ryder test R/46,5/74:

19MT:90+0,0125(%J XL 99)
T

with Fpefb in lb/in.
c) For the FZG L-42 test 141/19,5/110:

OmrF110+0,02-T17- X, (109)
100

Vflaigtt = 0,48 -T11- X1, (1op)
ny 40
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Yl A 1 I'y Yz
123 4 5 6 7 8 9 10 11 12
200 392
180
160 320
140
120 248
100
80 176
60
\ ISO VG 100
10 I1SO VG 460-104 Lo4
20 T &
353 | 94,1 183,4 302 3726 4501 5345 X
60,8 1353 239,3
Ky
1 ludb‘l degUb FZG'LUDL

X  pinion test torque T1T, N-m
Y1 temperature,in°C
Y2 temperature, in °F

Figure 9 — Scuffing temperature, Ji,s, for the FZG test A/8,3/90

© IS0 2017 - All rights reserved 31


https://standardsiso.com/api/?name=13c0d8e76e1410235140417e40cfaa36

ISO/TS 6336-21:2017(E)

Y1 Y2
160 320
140
120
100
80 176
60
'9ﬂaintT
ISOVG 46 \
40 104
[SO VG 460
20
0 32 —
0 1000 2000 3000 4000 X
Key
X nornfal load per face width;{Fpt/b)T, in ppi
Y1 templerature, in °C
Y2 templerature, in °F
Figure|10 —Scuffing temperature, Jj,ts, for the Ryder and the FZG-Ryder gear test R/46,5/74
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Y2

600

500

1SO VG 100
[ T—1sovG 220
IS0 VG 460

450

433 — —

417

400

300

200
Y1

140

120

110

400 600 800 1000 1200 1400 1600 X

MIL L 2105 B —»: 1

2
test topque of pinion

| _testbulk temperature, 9y, in K

K
1
X| scuffingtorque of test pinion T1T, in N°-m
Y
Y

p_nean flash temperature of the test gear, 9g.4e7, in K

0,95 —-0,05
NOTE Bgainer =0,75T1r " ur K
Approximation

2,85
Mt =M40 (40/19MT)

Figure 11 — Scuffing temperature, Ji,s, for the FZG L-42 test 141/19,5/110
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6.4.3 Relative welding factor, XwyeT
The relative welding factor, XwrelT, is an empirical factor for the influence of the heat or surface

treatment on the scuffing integral temperature, as shown in Formula (102):

X
X Wrelr = - (102)

XWT

where

Xwr| is 1 for the FZG gear test, the Ryder gear test and the FZG L-42 test;

Xw | isthe welding factor of the actual gear material as given in Table 4.

Table 4 — Welding factor, Xy

Gear material Xw
Through-hardened steel 1,00
Phosphated steel 1,25
Copper-plated steel 1,50
Bath and gas nitrided steel 1,50
Case carburized steel:
— average austenite content less than 10 % 1,15
— average austenite content 10 % to 20 % 1,00
— average austenite content greater than 20 % to 30 % 0,85
Austenitic steel (stainless steel) 0,45
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Annex A
(informative)

Examples

Verifying the accuracy of the integral temperature methaod, the scuffing resistance of the following gear
s¢ts was calculated by using the methods according to this document. The examples contain‘gylindrical,
bevel and hypoid gear drives, with centre distances between a = 22,07 mm and a = 2 419,63 mm. The
module range includes modules from m = 1,25 mm up to m = 20 mm. Some of the sele¢ted gear units
were damaged by a scuffing failure, or near to the scuffing limit (borderline scuffing). In other gear
drives, no scuffing failure was observed. The data of the gear units and the nesults of the|scuffing
calculation are presented in the following tables.
Table A.1 — Helical gear: Turbine Gear (No. 3 from the Michaelis dissertation)
Description ISO Unit Value
symbol
Number of teeth pinion Z1 — 73
gear z2 — 325
(Qperating centre distance a mm 1 419,00
Normal module My mm 7,000
Normal pressure angle an ° 20{00
Helix angle at standard PD B ° 11J00
Hrofile shift factor pinion X1 — 0,010 0
Net face width b mm 280,00
Qutside diameter pinion da1 mm 534,40
gear da2 mm 2 331,00
Tip relief pinion Ca1 pum )
gear Ca2 pm )
Index of driving gear — — yJ
Transmitted power P kW 10 P95
Hinion speed ni min-1 4450
Hlank surface foughness Ra um 2,p0
Tooth rootrsuftface roughness R, pum
Qil temperature Joil °C 40
Lubricant kinematic viscosity at 40 °C Va0 mm?2/s 32
uFFing torgue inEZG standardtest AI/Q’QI/Qn apnnrding o TIT Nama 239
DIN 51354
Lubrication factor Xs — 1,2
Relative material factor XWrelT — 1,00
Run-in factor XE — 1,0
Application factor Ka — 1,20
Dynamic factor Ky — 1,15
Face load factor Kpp — 1,20
Transverse load factor KBa — 1,10
Coefficient of friction UmC — 0,023
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Table A.1 (continued)
Description ISO Unit Value
symbol
Bulk temperature IM °C 45,6
Integral temperature Yint °C 55,5
Scuffing safety factor Sints — 3,8
Observed failures No scuffing
Table A.2 — Helical gear: Steel Mill Gear (No. 5 from the Michaelis dissertation) '\/\
Description ISO Unit Vz{rl}\/e)
symbol N -
Number pf teeth pinion zZ1 — G-\; 28
gear Z2 — ’()gbv 28
Operatinig centre distance a mm (;-.\C - 580,00
Normal rhodule mp rrll\(l\”/ 20,000
Normal pressure angle an CA= ) 20,00
Helix angle at standard PD B s\\J ° 10,00
Profile shift factor pinion X1 & O _ 0,303 5
Net face width b AQ\ mm 330,00
Outside diameter pinion d\*\\k‘ mm 619,20
gear ns‘h'gz mm 619,20
Tip relief pinion ®v Ca1 um 0
.g?ﬁk\ Ca2 pm 0
Index of {lriving gear K\ — — 1
Transmifted power » xO P kW 2200
Pinion speed \.\(}" ni min-1 150
Flank sufface roughness ) ()\ Ry pum 1,50
Tooth ropt surface roughness @ : R; pum -
Oil tempgrature ,.O\ Yoil °C 32
Lubricanlt kinematic viscosity aHM V40 mm?2/s 220
Scuffing forque in FZG stand@\f{est A/8,3/90 according to T1T Nm 239
DIN 51354 P
Lubricatjon factor O_y Xs — 1,2
Relative material {aﬂB’r\ XWrelT — 1,00
Run-in f4ctor Név Xg — 1,0
Applicatlor}iﬁc\{o\r Ka — 1,20
Dynamic_f:’ignr K. — 1,00
Face load factor Kpp — 1,20
Transverse load factor KBa — 1,00
Coefficient of friction UmC — 0,048
Bulk temperature Im °C 59,6
Integral temperature Jint °C 109,0
Scuffing safety factor Sints — 1,9
Observed failures No scuffing
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Table A.3 — Helical gear: Machine Tool Gear (No. 11 from the Michaelis dissertation)

Description ISO Unit Value
symbol
Number of teeth pinion zZ1 — 5
gear z — 28
Operating centre distance a mm 22,07
Normal module Mn mm 1,250
ormal pressure angle . ° 20,00
Helix angle at standard PD ° ,\/V 0,00
Hrofile shift factor pinion X1 — (\,Q ‘0, 850 0
Net face width b mm n'\ " 1pP,00
Qutside diameter pinion da1 m’rl(b’ v 998
gear da2 C@P 3B,45
Tip relief pinion Ca1 . \]),lm 0
gear Caz A\ " um 0
Index of driving gear — Sé — 1
Transmitted power B - kW 3,3
Hinion speed S min-1 13000
Hlank surface roughness Q\} Ra um 1,00
Tooth root surface roughness . \\\§ ) R, pum —
Qil temperature o:\v Doil °C 50
Lubricant kinematic viscosity at 40 °C \\\S\' V40 mm?2/s 220
Scuffing torque in FZG standard test A/8,3/90 ac@ﬁiing to T1T Nm 450
DIN 51354 Q\
[ubrication factor \O Xs — 1,0
Relative material factor X N~ XWrelT — 1,00
Run-in factor Q\\ XE — 1,0
Application factor k\’ ¢ Ka — 1,00
Dynamic factor ,_O\‘ Ky — 1,00
Hace load factor . Kpp — 1,00
Transverse load factg@)u KBa — 1,00
(oefficient of frig_t@\ UmC — 0{144
Hulk temperat@y IM °C 84,8
Integral t‘@‘ature Yint °C 169,4
Scuffir{,ggé?éty factor Sints — 2,0
d b,s‘éfv‘gd failures No scuffing
<
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Table A.4 — Helical gear: Marine Gear (No. 13 from the Michaelis dissertation)

Description ISO Unit Value
symbol
Number of teeth pinion zZ1 — 21
gear z2 — 87
Operating centre distance a mm 900,00
Normal thodule Mn mm 16,00 k/\
Normal gressure angle an ° ZORQ\
Helix angle at standard PD B ° A&dﬁ
Profile shift factor pinion X1 — G\;dﬁ90 0
Net face width b mm ():bv 370,00
Outside diameter pinion da1 mm . e i 394,50
gear daz mf 1465,50
Tip relief pinion Ca1 cguﬁ\ 0
C Num 0
gear a2 R ML
Index of ¢lriving gear — & o 1
Transmifted power P OQ‘ kw 4412
Pinion sgeed @‘ min-1 520
Flank surface roughness n‘% um 2,00
Tooth ropt surface roughness ®v R, pm —
Oil tempgrature nQ\ Yoil °C 60
Lubricant kinematic viscosity at 40 °C Q\U V40 mm?2/s 150
Scuffing forque in FZG standard test A/8,3/90 accOg@ng to T1T Nm 450
DIN 51354 LN
Lubrication factor ('}\V Xs — 1,2
Relative material factor N . XwWrelT — 1,00
Run-in f4ctor (\v‘ XE — 1,0
Application factor . C)v Ka — 1,30
Dynamidfactor C\U ) Ky — 1,05
Face load factor X A\ Kpp — 1,40
Transver|se load factor()_p KBa — 1,00
Coefficiept of frictj,a.&*\ UmC — 0,058
Bulk temperaty@v IM °C 105,1
Integral ellvﬁ\evft‘ure Oint °C 185,7
Scuffing ;é@cv factor Sints — 1,7
Observed failures Borderline scuffing
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