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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

the

non-governn
Internationa

Internationa
The main ta
adopted by

Internationa

Attention is
rights. ISO s

ISO 6336-1
calculation.

This second
have been
ISO 6336-1:

ISO 6336 co
gears:

Part 1: 1
Part 2:
Part 3:
Part 5:

Part 6:

This correctg¢d version.incorporates the following corrections:

the lineg

TITyoO—toce

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

SO oOTTtoy

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
sk of technical committees is to prepare International Standards. Draft International Stand
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Introduction

This and the other parts of ISO 6336 provide a coherent system of procedures for the calculation of the load
capacity of cylindrical involute gears with external or internal teeth. ISO 6336 is designed to facilitate the
application of future knowledge and developments, also the exchange of information gained from experience.

chipping and
hine design

methods.

Sevgral methods for the calculation of load capacity, as well as for the calculation of‘various|factors, are
pernjitted (see 4.1.12). The directions in ISO 6336 are thus complex, but also flexible.

Included in the formulae are the major factors which are presently known to ‘affect gear tooth pitting and
fractires at the root fillet. The formulae are in a form that will permit the~addition of new factgrs to reflect
knowledge gained in the future.
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Ca

Iculation of load capacity of spur and helical gears —

Part 1:
Basic principles, introduction and general influence factors

1
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Scope

part of ISO 6336 presents the basic principles of, an introduction to, and the genéral influenc
calculation of the load capacity of spur and helical gears. Together with_ ISO 6336-2,
5336-5 and I1ISO 6336-6, it provides a method by which different gear designscan be compa
ded to assure the performance of assembled drive gear systems. It is not intended for use by
neering public. Instead, it is intended for use by the experienced.géar designer who i
ting reasonable values for the factors in these formulae based on, Knowledge of similar

formulae in 1ISO 6336 are intended to establish a uniformly‘@cceptable method for calculatir
tance and bending strength capacity of cylindrical gears with straight or helical involute teeth.
5336 includes procedures based on testing and theofétical studies such as those of Hirt []
Brossmann [Bl. The results of rating calculations_made by following this method are in goo
previously accepted gear calculations methaods (see References [4] to [8]) for normal work
ps up to 25° and reference helix angles up t0-25°).

arger pressure angles and larger helix angles, the trends of products Y Yg Y4 and, respectiv
ot the same as those of some earliermethods. The user of ISO 6336 is cautioned that when
O 6336 are used for other helix\ahgles and pressure angles, the calculated results will
rmed by experience.

formulae in ISO 6336 are(hot“applicable when any of the following conditions exist:

5pur or helical gearsiwith transverse contact ratios less than 1,0;

spur or helical-gears with transverse contact ratios greater than 2,5;

nterference between tooth tips and root fillets;

eeth_are pointed;

e factors for,
ISO 6336-3,
red. It is not
the general
capable of
designs and

g the pitting

| Strasser [2]
j agreement
ng pressure

ely, ZyzZ.Z
the methods
need to be

backlash is zero.

The rating formulae in ISO 6336 are not applicable to other types of gear tooth deterioration such as plastic
yielding, scuffing, case crushing, welding and wear, and are not applicable under vibratory conditions where
there may be an unpredictable profile breakdown. The bending strength formulae are applicable to fractures at
the tooth fillet, but are not applicable to fractures on the tooth working surfaces, failure of the gear rim, or
failures of the gear blank through web and hub. ISO 6336 does not apply to teeth finished by forging or
sintering. It is not applicable to gears which have a poor contact pattern.

The procedures in ISO 6336 provide rating formulae for the calculation of load capacity, based on pitting and
tooth root breakage. At pitch line velocities below 1 m/s the gear load capacity is often limited by abrasive
wear (see other literature for information on the calculation for this).
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2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 53:1998, Cylindrical gears for general and heavy engineering — Standard basic rack tooth profile

ISO 1122-1:1998, Vocabulary of gear terms — Part 1: Definitions related to geometry

ISO 1328-1:1995, Cylindrical gears — ISO system of accuracy — Part 1: Definitions and allowable values of

deviations rd

1ISO 4287:19
definitions a

ISO 4288:19
procedures

ISO 6336-2,
(pitting)

ISO 6336-3,
strength

ISO 6336-5,

ISO 6336-6,
variable load

3 Termsg, definitions, symbols and abbreviated terms

For the purp
and the follo

NOTE S
for quantities
units.

levant to corresponding flanks of gear teeth

nd surface texture parameters

or the assessment of surface texture

wing symbols apply.

97, Geometrical Product Specifications (GPS) — Surface texture: Profile methody= Terms,

96, Geometrical Product Specifications (GPS) — Surface texture: Profile methiod — Ruleq and

Calculation of load capacity of spur and helical gears — Part 2: Caleulation of surface durgbility

Calculation of load capacity of spur and helical gears — Rant*3: Calculation of tooth bending

Calculation of load capacity of spur and helical gears —"Part 5: Strength and quality of matefjals

Calculation of load capacity of spur and helical gears — Part 6: Calculation of service life ynder

pses of this document, the terms, definitions, symbols and abbreviated terms given in ISO 1122-1

ymbols are based on, and are' extensions of, the symbols given in ISO 701 and ISO 1328-1. Only symbols
used for the calculation(of)the particular factors treated in 1ISO 6336 are given, together with the preferred
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Table 1 — Symbols used in ISO 6336-1, ISO 6336-2, ISO 6336-3 and ISO 6336-5

ISO 6336-1:2006(E)

Symbol Description Unit
Principal symbols and abbreviations
A, B, C, D, | points on path of contact (pinion root to pinion tip, regardless of whether pinion or wheel .
E drives, only for geometrical considerations)
a centre distance @ mm
a pressure angle (without subscript, at reference cylinder) °
B total face width of double helical gear including gap width mm
b face width mm
Yij helix angle (without subscript, at reference cylinder) °
c constant, coefficient —
relief of tooth flank Mm
c constant —
1% auxiliary angle °
D diameter (design) mm
d diameter (without subscript, reference diameter) mm
) deflection Mm
E modulus of elasticity N/mm?
= material designation for case-hardened wrought steel —
Eht case depth, see ISO 6336-5 mm
e auxiliary quantity —
£ contact ratio, overlap ratio, relative eccentricity:(see Clause 7) —
roll angle °
. composite and cumulative deviations pm
force or load N
f deviation, tooth deformation pum
G shear modulus N/mm?
5G material designation for grey cast iron —
€ e]e] material designationfor nodular cast iron (perlitic, bainitic, ferritic structure) —
GTS material desighation for black malleable cast iron (perlitic structure) —
g path of contact mm
9 temperature °C
1B Brinell hardness —
HRC Rockwell hardness (C scale) —
HR 30N, '{ Rockwell hardness (30 N scale) (see ISO 6336-5) —
nv \/ickers hardness —
HV 1 Vickers hardness at load F=9,81 N (see ISO 6336-5) —
HV 10 |Vickers hardness at load F=98,10 N (see ISO 6336-5) —
h tooth depth (without subscript, root circle to tip circle) mm
n effective dynamic viscosity of the oil wedge at the mean temperature of wedge mPa s
IF material designation for flame or induction hardened wrought special steel —
) transmission ratio —
l bin —
J Jominy hardenability (see 1ISO 6336-5) —
K constant, factors concerning tooth load —
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Table 1 (continued)

Symbol Description Unit
L lengths (design) mm
1 bearing span mm
r parameter on the line of action —
v moment of a force Nm

mean stress ratio —
ME —
MQ symbols identifying material and heat-treatment requirements (see ISO 6336-5) —
ML £
module mm
" nass kg
u coefficient of friction —
N humber, exponent, resonance ratio —
NT material designation for nitrided wrought steel, nitriding steel —
NV material designation for through-hardened wrought steel, nitrided, nitrocarburizéd —
otational speed 1 14
n s~ or mip
humber of load cycles
Poisson's ratio —
g inematic viscosity of the oil mm?/g
P ransmitted power kw
bitch mm
)4 humber of planet gears —
Slope of the Woehler-damage line —
buxiliary factor —
q lexibility of pair of meshing teeth (see Clausé.9) (mm-pm)/N
material allowance for finish machining-(se€ISO 6336-3) mm
r adius (without subscript, reference radius) mm
adius of curvature mm
p Hensity (for steel, p=7,83 x(1076) kg/mmp
S safety factor —
St material designation-formormalized base steel (o5 < 800 N/mm?2) —
s ooth thickness,.distance between mid-plane of pinion and the middle of the bearing span mm
o normal stress N/mm?
T orque Nm
olerance um
Ehear stress N/mm?
i angular pitch mm
u gearratio (zp/zq) > 12 —
U Miner sum —
% material designgtion for through-hardened wrought special steel, alloy or carbon -
(o = 800 N/mm<)
. tgngential velocity (without subscript, at the reference circle = tangential velocity at pitch m/s
circle)
specific load (per unit face width, F;/ b) N/mm
auxiliary angle °
X profile shift coefficient —

4 © I1SO 2006 — All rights reserved
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Table 1 (continued)
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Symbol Description Unit
4 running-in factor —
Y factor related to tooth root stress —
v running-in allowance (only with subscript « or f) um
VA factor related to contact stress —
z number of teeth @ —
@ angular velocity rad/s

Subfcripts to symbols
— reference values (without subscript)
A application
external shock loads
addendum
@ tooth tip
4gnn annulus gear
transverse contact
“ profile
b base circle
face width
be bearing
helix
p face width
crowning
c pitch point
profile and helix modification
Cca case
Cal calculated
Co contact pattern
1% total (total value)
b speed transformation
reducing/orincreasing
dyn dynamic
A rough specimen
E elasticity of material
resonance
e outer limit of single pair tooth contact
eff effective value, real stress
& contact ratio
F tooth root stress
f tooth root, dedendum
G geometry
H Hertzian stress (contact stress)
) internal
! bin number
k values related to the notched test piece
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Table 1 (continued)

Symbol Description
L lubrication
lim value of reference strength
M mean stress influence
m mean or average value (mean section)
ma manufacturing
max maximum value
min i vatue
N humber (a specific number may be inserted after the subscript N in the life factor)
normal plane
n irtual spur gear of a helical gear
humber of revolutions
oil DIl
P permissible value
ack profile
bitch
P alues related to the smooth polished test piece
par barallel
pla blanet gear
R oughness
r adial
red educed
rel elative
ooth thickness
® hotch effect
sh shaft
stat btatic (load)
sun 5un pinion, sun gear
T est gear
alues related to the-standard reference test gear
t ransverse plane
th heoretical
elocity.
v
0sses
w airing or materials
w working (this subscript may replace the prime)
X dimension (absolute)
running-in
Y any point on the tooth flank
z sun
0 basic value
tool
1 pinion
2 wheel

6 © I1SO 2006 — All rights reserved
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Table 1 (continued)
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Symbol

Description

1.9

general numbering

1)

end relief

reference (nonreference) face

’

single-flank (subscript w possible) single-pair tooth contact

"

double-flank contact (simultaneous contact between working and non-working flanks)

Combined symbols Unit
- fqrm-factor pressure angle, pressure angle at the outer point ot single pair tooth contact ot o
virtual spur gears
o normal pressure angle °
1 transverse pressure angle °
a'tpr ot | pressure angle at the pitch cylinder °
deon qud direction angle, relevant to direction of application of load at the outefpgoint of single o
pair tooth contact of virtual spur gears
¢pn normal pressure angle of the basic rack for cylindrical gears °
B> constant (see equations in Clause 7) —
cal calculated face width mm
bco length of tooth bearing pattern at no load (contact marking) mm
Bred reduced face width (face width minus end reliefs) mm
b web thickness mm
b face width of one helix on a double helical gear mm
My length of end relief mm
5 base helix angle °
e form-factor helix angle, helix angleat.the outer point of single tooth contact °
Ca tip relief Mm
Cay tip relief by running-in um
CB basic rack factor (same-tack for pinion and wheel) —
(51 basic rack factor (pinion) —
(B2 basic rack facter(wheel) —
oy correction facter (see Clause 9) —
CR gear blank factor (see Clause 9) —
Cz1| zr zv |factors+for determining lubricant film factors (see ISO 6336-2) —
Cs crowning height um
iy end relief pum
c, mean value of mesh stiffness per unit face width N/(mm-um)
Cra mean value of mesh stiffness per unit face width (used for K, K, Krg) N/(mm-pm)
¢y mean value of mesh stiffness per unit face width (used for Ky Krjp) N/(mm-pm)
I maximum tooth stiffness per unit face width (single stiffness) of a tooth pair N/(mm-pm)
c'th theoretical single stiffness N/(mm-pm)
Dpe bearing bore diameter (plain bearings) mm
Dgh journal diameter (plain bearings) mm
dy tip diameter mm
dp base diameter mm
de diameter of circle through outer point of single pair tooth contact mm
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Table 1 (continued)

Symbol Description Unit
ds root diameter mm
dp root diameter of internal gear mm
dng root form diameter mm
dgh external diameter of shaft, nominal for bending deflection mm
dshi internal diameter of a hollow shaft mm
dsoi diameter at start of involute mm
dy pitCh dfameter T

dq eference diameter of pinion (or wheel) mm
612 Heformation of bearing (1, 2) in direction of load um, mm
& th combined deflection of mating teeth assuming even load distribution over the face width um
s Hifference in feeler gauge thickness measurement of mesh misalignment 1,5 um
s plongation on fracture %
&y ransverse contact ratio —
Eon irtual contact ratio, transverse contact ratio of a virtual spur gear —
&g bverlap ratio —
& otal contact ratio, &=¢Ex+ &p —
& bddendum contact ratio of the pinion, & = CE/py —
& bddendum contact ratio of the wheel, & = AC/pp —
Caw oll angle from working pitch point to tip diameter °
Ciw oll angle from root form diameter to working pitch paint °
Fper adial force on bearing N
Fpn nominal) load, normal to the line of contact N
Fot hominal transverse load in plane of action (base tangent plane) N
Fo gein(;rzns;e;se tangential load at the reference circle relevant to mesh calculations, N
m t A By
Fot mean transverse tangential part load at reference circle N
Frax maximum tangential tooth load'for the mesh calculated N
Fy nominal) transverse tangential load at reference cylinder per mesh N
Fiy igete_rn];ir}?n%ta]r}gential load in a transverse plane for K, and Kg,, N
tH = 't KA Ky Byp
F, otal profile deyiation pm
Fg otal helix'deviation um
Fpe olerance on total helix deviation for ISO accuracy grade 6 um
Fpy nitial equivalent misalignment (before running-in) um
Fpyev initial equivalent misalignment for the determination of the crowning height (estimate) um
Feer equivalent misalignment measured under a partial load um
Fpy effective equivalent misalignment (after running-in) um
Joe component of equivalent misalignment ® due to bearing deformation pm
fea component of equivalent misalignment P due to case deformation um
f ]E)rofilg fqrm deviation (the vglue for the total profile deviation F, may be used alternatively um
or this, if tolerances complying with ISO 1328-1 are used)
fma mesh misalignment  due to manufacturing deviations pum
Jot transverse single pitch deviation pm
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Table 1 (continued)

Symbol Description Unit
Joar non-parallelism of pinion and wheel axes (manufacturing deviation) b gm
T transverse bgse pitch devia.tion (the values of _fpt may be used for calculations in um

accordance with ISO 6336, using tolerances complying with ISO 1328-1)
fsh component of equivalent misalignment ® due to deformations of pinion and wheel shafts gm
SshT component of misalignment due to shaft and pinion deformation measured at a partial load pum
Jsho shaft deformation under specific load ° pm-mm/N
helix slope deviation (the value for the total helix deviation ¥, may be uised alternatively for

Hp this, if tolerances complying with ISO 1328-1 are used) " Hm

Miss tolerance on helix slope deviation for ISO accuracy grade 6 pum
- length of path of contact mm

aP addendum of basic rack of cylindrical gears mm
) dedendum of basic rack of cylindrical gears mm
160 dedendum of tooth of an internal gear mm
Amin minimum lubricant film thickness mm

bending moment arm for tooth root stress relevant to load application at the outer point of

Fe single pair tooth contact mm

hy tooth height mm
L* moment of inertia per unit face width kg-mm2/mm
K’ constant of the pinion offset —
K\ dynamic factor —
KA application factor —
K, transverse load factor (root stress) —
Krp face load factor (root stress) —

y; (TN transverse load factor (contact stress) —
Kup face load factor (contact stress) —
K mesh load factor (takessinto account the uneven distribution of the load between meshes .

7 for multiple transmission)paths)

Iy effective length of roller (roller bearings) mm
n* relative individUal-gear mass per unit face width referenced to line of action kg/mm
- normal moddle mm

red reduced.gear pair mass per unit face width referenced to the line of action kg/mm
un transverse module mm
Ve exponent —
V; number of cycles to failure for bin i —

TL number of load :-yrlnc J—
Ng resonance ratio in the main resonance range —
no rotation speed of pinion (or wheel) min~1 or s~

n; number of cycles for bin i —
ng resonance speed min~"
Pbn normal base pitch mm
Dbt transverse base pitch mm

q minimum value for the flexibility of a pair of meshing teeth (mm-pym)/N
Gpr protuberance of the tool (see ISO 6336-3) mm
ds notch parameter, g5 = sgn / 20¢ —
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Table 1 (continued)

Symbol Description Unit
dsk notch parameter of the notched test piece —
qsT notch parameter of the standard reference test gear, g1 =2,5 —
Gu auxiliary factor —
Ra arithmetic mean roughness value, Ra = 1/6 Rz pm
Rz mean peak-to-valley roughness (as specified in ISO 4287 and ISO 4288) um
Rzy mean peak-to-valley roughness of the notched, rough test piece um
RZT edll pedk-10-vdlley Tougnress Or e stalndard rerererice test gedr, £zt = 1U HIT
b base radius nm
o oot fillet radius of the basic rack for cylindrical gears mm
Py adius of grinding notch mm
Pred adius of relative curvature mm
£c adius of relative curvature at the pitch surface mm
PF ooth root radius at the critical section mm
Yo 5lip-layer thickness mm
Sk safety factor for tooth breakage —
SH safety factor for pitting —
S ilm thickness of marking compound used in contact pattern determination pm
Spr esidual fillet undercut, sy = gpr — ¢ mm
SEn ooth root chord at the critical section mm
SR im thickness mm

Ok lim hominal notched-bar stress number (bending) N/mm?
Op lim nominal plain-bar stress number (bending) N/mmj?
OB ensile strength N/mm?
OF ooth root stress N/mm?
OFj ooth root stress for bin i N/mm?
OF |im nominal stress number (bending) N/mmj
OFE bllowable stress number (bending), ore = ok |im YsT N/mm?
OFG ooth root stress limit N/mm?
OFp bermissible toothroot'stress N/mm?
OFo nominal tooth reot stress N/mm?
OH contact stress N/mm?
OHi contact.stress for bin i N/mm?
OH lim bllowable stress number (contact) N/mm?
OHG ftiing Stress fimit Nrfmm=
OHp permissible contact stress N/mm?2
OHo nominal contact stress N/mm?2
o5 yield stress N/mm?2
G stress for bin i N/mm?2
0p,2 proof stress (0,2 % permanent set) N/mm?
Tig nominal torque at the pinion (or wheel) Nm
Teq equivalent torque Nm
T torque for bin i Nm
T, nominal torque Nm
10 © IS0 2006 — All rights reserved
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Table 1 (continued)

Symbol Description Unit
I maximum depth of grinding notch mm
U sum of individual damage parts —

W mean specific load (per unit face width) N/mm
Wy tangential load per unit tooth width, including overload factors N/mm
X129 profile shift coefficient of pinion (or wheel) —
x relative stress gradient in the root of a notch mm-~"
Zﬂ 1aClor ClhialracCleriZing e equivdierit misdiignment daier rurinng-m —_—
Vo relative stress gradient in a smooth polished test piece mm-~"
Yor deep tooth factor —
¥e tooth forlm fact.or, for t.he influence on nominal tooth root stress with load applied at the -
outer point of single pair tooth contact
i mean stress influence factor —
Nk life factor for tooth root stress, relevant to the notched test piece —
Np life factor for tooth root stress, relevant to the plain polished test piece —
InT life factor for tooth root stress for reference test conditions —
I} tooth root surface factor (relevant to the plain polished test piece) —
Y otk Lglgtive roughness factor,' the quotient of the gear tooth“root surface factor of interest .
ivided by the notch test piece factor, YR o1k = YR/YRk
Yo ol T Lelative surface factor, the quotient of the gear toothyroot surface factor of interest divided .
y the tooth root surface factor of the reference test gear, Yr rei 7= YR/YRT
stress correction factor, for the conversion of'the nominal tooth root stress, determined for
Vs application of load at the outer point of_single pair tooth contact, to the local tooth root —
stress
sg stress correction factors for teeth with. grinding notches —
'Sk stress correction factor, relevant\to the notched test piece —
ST stress correction factor, relevant to the dimensions of the reference test gears —
1% size factor (tooth root) —
7 helix angle factor (t@oth root) —
Ys notch sensitivity factor of the actual gear (relative to a polished test piece) —
Y sk sensitivity factor of a notched test piece, relative to a smooth polished test piece —
- sensitiyity, factor of the standard reference test gear, relative to the smooth polished test .
oT piece
vk _test relat!vg notch sensitivity factor,. the quotient of the gear notch sensitivity factor of o
relk _Saterest divided by the notched test piece factor, Yok = Y5/ Y sk
y rglgtive notch sensitivity factor, the quotient of the gear notch sensitivity factor of interest -
re’D | divided by the standard test gear factor, Yse 1 = Ys5/YsT
Va running-in allowance for a gear pair um
vg running-in allowance (equivalent misalignment) gm
Z, velocity factor —
Zg, Zp |single pair tooth contact factors for the pinion, for the wheel —
Zg elasticity factor W
ZH zone factor —
Z lubricant factor —
ZN life factor for contact stress —
INT life factor for contact stress for reference test conditions —
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Table 1 (continued)

Symbol Description Unit
ZRrR roughness factor affecting surface durability —
Iy work hardening factor —
Zx size factor (pitting) —
Zg helix angle factor (pitting) —
Z, contact ratio factor (pitting) —
Zy virtual number of teeth of a helical gear —
Z12 amber of teett ot pIniorn (or wheel) —
@12 hngular velocity of pinion (or wheel) rad/s
a8  For exterrjal gears a, z; and z, are positive; for internal gearing, « and z, have a negative sign, z4 has a positive sign.
b The comgonents in the plane of action are determinant.
4 Basic|principles
4.1 Application
4.1.1 Scuffing
Formulae fof scuffing resistance on cylindrical gear teeth are netlincluded in ISO 6336. At the present|time
there is insufficient agreement concerning the method for designing cylindrical gears to resist scuffing faildre.
41.2 Weal

Very little affention and concern have been devoted to the study of gear tooth wear. This subject prinparily

concerns ge
to cover the

41.3 Micrppitting

ISO 6336 dqges not cover micropitting, which is an additional type of surface distress that may occur on
teeth.

4.1.4 Plastic yielding

ISO 6336 ddes not.extend to stress levels greater than those permissible at 103 cycles or less, since strg
in this rangé mayrexceed the elastic limit of the gear tooth in bending or in surface compressive st

Depending

n~the material and the load imposed, a single stress cycle greater than the limit level at
cycles could‘[reeuh—m-pleeﬁeyieldmg—ei—me-geapeee(-h.i

41.5 Parti

ar teeth with low surface hardness-of gears with improper lubrication. No attempt has been 1
subject in 1ISO 6336.

nade

gear

sses
ress.
103

cular categories

Pitting resistance and bending strength rating systems for a particular category of cylindrical gearing may be
established by selecting proper values for the factors used in these general formulae.

4.1.6 Specific applications

For the design of gears it is very important to recognize that requirements for different fields of application vary
considerably. Use of ISO 6336 procedures for specific applications demands a realistic and knowledgeable

appraisal of

12

all applicable considerations, particularly:
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the allowable stress of the material and the number of load repetitions,

the consequences of any percentage of failure (failure rate), and

the appropriate safety factor.

The following three application fields exemplify the requirements of the above-mentioned characteristics.

4.1.6.1 Vehicle final drive gears

For

ehicle final drive gears, which are relatively low speed, coarse pitch teeth, are chosen for adequate

stren
abol
stren

gth. As a consequence, pinions have small numbers of teeth (z; of about 14), whereas-g
t 28 would be chosen for a comparatively high speed gear of similar size. Thus, the)tg
gth of the former would be about twice that of the latter.

The pomputed reliability of vehicle gears can be as low as 80 % to 90 % whereas that’of high spe

gearp should be at least 99 %.
In ggneral, the material used in high volume vehicle gear production may be ‘of more uniform qua
used for gears produced in small numbers.

Com
final
mate

parison of applied gear designs has indicated that for about 10000 cycles, the load transmi
rial, quality, size and design are the same.
For |

of pl
stres

bw speed vehicle gears which are intended to have short lives (less than 100 000 cycles), sn
pstic deformation, pitting and abrasive wear can usutially be tolerated. Consequently, the leve
s which are permissible are substantially higher than would be permissible for long life, high

4.1.4.2 Main drive for aircraft and space vehicles

For fnain drives of aircraft and space vehicles, which are found in helicopter rotor drives and the
drivgs of space vehicle boosters, gears of-the highest quality material and accuracy are used. Su
extensively tested. For example, 10 to 20 transmissions of the same production series may be

operptional conditions for the full design life. The tolerable wear rate is established on the basis o

Lubr|cant spray rate, position ofinjection points and direction of spray is optimized.

For these reasons, higher\loading is permissible for a design life up to 100 times longer (in cy|
loading), and speeds about 10 times greater than those of a typical vehicle transmission. The [
damage in such cases-shall not exceed 0,1 % to 1 %. Overall loading cannot be as high as for v
since neither surfacewear nor minor damage can be tolerated.

value z; of
oth bending

ed industrial

lity than that

tted by truck

drive gears is about four times greater than that transmitted by, aircraft or space vehicle gears, where the

hall amounts
Is of surface
peed gears.

main pump
ch gears are
ested under
test results.

Cles of tooth
probability of
chicle gears,

en designed

conS|st of a plnlon W|th 45 teeth and a wheel with 248.

Industrial high speed gears should be better than 99 % reliable for a normal life of more than

sdr pair would

1010 cycles.

Extensive prototype testing is normally excluded because of the cost. As a consequence, the load capacity

ratings of high speed gears tend to be conservative with relatively high safety factors.

4.1.7 Safety factors

It is necessary to distinguish between the safety factor relative to pitting, Sy, and that relative to tooth

breakage, Sg.

© I1SO 2006 — All rights reserved
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For a given application, adequate gear load capacity is demonstrated by the computed values of Sy and Sg
being greater than or equal to the values Sy i, @nd Sk in, respectively.

Certain minimum values for safety factors shall be determined. Recommendations concerning these minimum
values are made in ISO 6336, but values are not proposed.

An appropriate probability of failure and the safety factor shall be carefully chosen to meet the required
reliability at a justifiable cost. If the performance of the gears can be accurately appraised through testing of
the actual unit under actual load conditions, a lower safety factor and more economical manufacturing
procedures may be permissible:

‘ Vodified allowable stress number
Safety factor =
Calculated stress

Safety factofs based on load are permitted. When they are based on load the safety factor equals-the spegcific
calculated Idad capacity divided by the specific operating load transmitted. When the factor is\based on Joad,
this shall be [stated clearly.

NOTE Shfety factors based on load (power) relative to tooth bending are proportional to(Sg) Safety factors basgd on
load (power) felative to pitting are proportional to Sj2.

In addition tp the general requirements mentioned and the special requirements’for surface durability, pikting,
(see ISO 6386-2) and tooth bending strength (see ISO 6336-3), the safetyfactors shall be chosen after cgreful
consideration of the following influences.

— Reliability of material data: 1SO 6336-applicable materials, for which data are given in ISO 6336-5] and
their abpreviations, are listed in Table 2. The allowable stress’numbers used in the calculation are [valid
for a gijen probability of failure; the material values in ISO _6336-5 are valid for 1 % probability of damage.
This risk of damage reduces with the increase of the safety factor and vice versa.

— Reliability of load values used for calculation: if.{oads or the response of the system to vibration] are
estimated rather than measured, a larger safetylfactor should be used.

— Variatiops in gear geometry due to manufacturing tolerances.
— Variatiops in alignment.

— Variatiops in material due to(process variations in chemistry, cleanliness and microstructure (magerial
quality and heat treatment).

— Variatiops in lubricatien“and its maintenance over the service life of the gears.

Depending ¢n the reliability of the assumptions on which the calculations are based (e.g. load assumptjons)
and according to the reliability requirements (consequences of damage occurrence), a corresponding spfety

factor is to be chosen.

Where gears are produced under a specification or a request for proposal (quotation), in which the gear
supplier is to provide gears or assembled gear drives having specified calculated capacities (ratings) in
accordance with ISO 6336, the value of the safety factor for each mode of failure (pitting, tooth breakage) is to
be agreed upon between the parties.
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Table 2 — Materials

Material Type Abbreviation
Wrought normalized low carbon steels St
Normalized low carbon steels / cast steels
Cast steels St (cast)
Black malleable cast iron (perlitic structure) GTS (perl.)
Cast iron materials Nodular cast iron (perlitic, bainitic, ferritic structure) | GGG (perl., bai., ferr.)
Grey cast iron GG
Throggh-herdenred-wrotght-steels Carbon-steelsalloy-steels \Y,
Thrgugh-hardened cast steels Carbon steels, alloy steels V({cast)
Casg¢-hardened wrought steels Eh
Flame or induction hardened wrought or IE
cast|steels
Nitrigled wrought steels / nitriding Nitriding steels N (nitr.)
steels / through-hardening steels, nitrided Through hardening steels NV (nitr.)
Wroyght steels, nitrocarburized Through hardening steels NV (mitrocar.)

41.8 Testing
The most reliable known approach to the appraisal of overall system performance is that of testing a proposed
new |design. Where sufficient field or test experience is available, satisfactory results can be |obtained by
extrgpolation of previous tests or field data.

When suitable test results or field data are.not available, values for the rating factors should be chosen
conservatively.

4.1.9 Manufacturing tolerances

Evaluation of rating factors should be based on the minimum accuracy grade limits specified for the
component parts in the manufacturing process.

4.1.10 Implied accuracy
Where empirical valués for rating factors are given by curves, curve fitting equations are provided to facilitate

computer programming. The constants and coefficients used in curve fitting often have signifi¢gant digits in
excess of those/appropriate to the reliability of the empirical data.

4.1.11-Other considerations

In addition to the factors considered in 1ISO 6336 influencing pitting resistance and bending strength, other
interrelated system factors can have a significant influence on overall transmission performance. The following
factors are particularly significant.

41111 Lubrication

The ratings determined by these formulae are valid only if the gear teeth are operated with a lubricant of
proper viscosity and additives for the load, speed and surface finish, and if there is a sufficient quantity of
lubricant supplied to the gear teeth and bearings to lubricate and maintain an acceptable operating
temperature.
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4.1.11.2 Misalignment and deflection of foundations

Many gear systems depend on external supports such as machinery foundations to maintain alignment of the
gear mesh. If these supports are poorly designed, initially misaligned, or become misaligned during operation
through elastic or thermal deflection or other influences, overall gear system performance will be adversely
affected.

4.1.11.3 Deflections

Deflections of gear teeth, gear blanks, gear shafts, bearings and housings affect performance and distribution
of total tooth load over meshing flanks. Since these deflections vary with load, it is impossible to obtain
optimum togth contact at different loads in those transmissions that encounter variable load. When gear jooth
flanks are rjot modified, the face load factor increases with increasing deflection, thereby lowering-tated
capacity.

4.1.11.4 System dynamics

The method|of analysis used in ISO 6336 provides a dynamic factor in the formulae by ‘derating the gears for
increased lopds caused by gear tooth inaccuracies and for harmonic effects. In general, simplified valueg are
given for eapy application. The dynamic response of the system results in additional gear tooth loads due to
the relative motions of the connected masses of the driver and the driven equipment. The application factor,
Ky, is intended to account for the operating characteristics of the driving and driven equipment. It must be
recognized, |however, that if the operating roughness of the driver, gearbox or driven equipment causgs an
excitation with a frequency that is near to one of the system's major nataral frequencies, resonant vibrations
can cause severe overloads which could be several times higher than the nominal load.

For critical
include the
excitation.

The resulti
ISO 6336-6.

rvice applications, it is recommended that a vibration analysis be performed. This analysis [shall
tal system of driver, gearbox, driven equipment,\couplings, mounting conditions and sources of
atural frequencies, mode shapes and the dynamic response amplitudes should be calculpted.
load spectrum cumulative fatigue effect-calculation, if necessary or required, is givgn in

4.1.11.5 Cpntact pattern

The teeth off most cylindrical gears are madified in both profile and helix directions during the manufacturing
operation tol accommodate deflection.of the mountings and thermal distortions. This results in a locglized
contact pattérn during roll testing under light loads. Under design load, the contact should spread ovef the
tooth flank without any concentration) of the pattern at the edges. This influence shall be taken into accoupt by
the correspdnding load distribution/factor.

4.1.11.6 Cprrosion

Corrosion of gear toeth surfaces can significantly reduce the bending strength and pitting resistance df the
teeth. Quantfjfying'the extent of these reductions is beyond the scope of ISO 6336.

4.1.12 Influ

The influence factors presented in ISO 6336 are derived from results of research and field service. It is
convenient to distinguish between the following.

a) Factors which are determined by gear geometry or which have been established by convention. They
shall be calculated in accordance with the equations given in ISO 6336.

b) Factors which account for several influences and which are dealt with as independent of each other, but

which may nevertheless influence each other to a degree for which no numerical value can be assigned.
These include the factors K, K, Ky, Ky 0r Kg, and the factors influencing allowable stress.
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The factors K|, Kz and Ky, also depend on the magnitudes of the profile and helix modifications. Profile and
helix modifications are only effective if they are significantly larger than the manufacturing deviations. For this
reason, the influence of the profile and helix modifications may only be taken into consideration if the gear
manufacturing deviations do not exceed specific limit values. The minimum required gear manufacturing

accu

racy is stated, together with reference to ISO 1328-1, for each factor.

The influence factors can be determined by various methods. These are qualified, as necessary, by adding
subscripts A through C to the symbols. Unless otherwise specified, e.g. in an application standard, the more
accurate of the methods is to be preferred for important transmissions. In cases of dispute, when proof of

accu

It is
facta

In sq
alter
neceg

ISO
avail

The
mak

For ¢
cons
Othe

More
dired

Contractual provisions relating to the nature of the calculation proof shall be agreed in advar

man

411

MetH
matHh
com
the n

In ge

racy and reliability is supplied, Method A is superior to Method B, and Method B to Method C.

r would not be readily identifiable.
me applications it could be necessary to choose between factors which have been-deter

ssary, the relevant method can be indicated by extending the subscript, e.g. KHﬂ_B1.

6336 is primarily intended for verifying the load capacity of gears for which, essential calcula

able by way of detail drawings, or in similar form.

b use of approximations or empirical values for some factors.

iven fields of application or for rough calculations, it is often permissible to substitute unity o

tant for some factors. In doing so, it is necessary to*verify that a good margin of safety

rwise, the safety factor shall be adequately increased!
precise evaluation is possible when manufacture*and inspection is completed, for then data

t measurement are available.

ifacturer and purchaser.

21 Method A

od A factors are derived from the results of full scale load tests, precise measurements or co
ematical analysis of the. transmission system on the basis of proven operating experig
pination of these. Alllgear and loading data shall be available. In such cases the accuracy andg
nethod used shalllbe-demonstrated and the assumptions clearly stated.

neral, and fordhe following reasons, Method A is seldom used:

he relevant relationships have not been more extensively researched than those in Methods

recommendedthat supptementary subscripts—beused-whenever themethod-used—for evaluation of a

mined using

hative methods (e.g. the alternatives for the determination of the equivalept misalignment). When

ion data are

data available at the primary design stage is usually restricted. It is-therefore necessary, at this stage, to

F some other
is assured.

obtained by

ce between

mprehensive
nce, or any
reliability of

B and C;

details of the operating conditions are incomplete;

— suitable measuring equipment is not available;

— the costs of analysis and measurements exceed their value.

411

2.2 Method B

Method B factors are derived with sufficient accuracy for most applications. Assumptions involved in their
determination are listed. In each case, it is necessary to assess whether or not these assumptions apply to the
conditions of interest. Additional subscripts should be inserted when necessary, e.g. K, .
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4.1.12.3 Method C

Method C is where simplified approximations are specified for some factors. The assumptions under which
they have been determined are listed. On each occasion an assessment should be made as to whether or not
these assumptions apply to the existing conditions. The additional subscript C shall be used when necessary,
eg. K, c.

4.1.13 Numerical equations

It is necessary to apply the numerical equations specified in ISO 6336 with the stated units. Any exceptions
are specially noted.

4.1.14 Sucgession of factors in course of calculation

The factors K|, Kz or Kgzand Ky, or Kg,, depend on a nominal tangential load. They are also to.some extent
interdependé¢nt and shall therefore be calculated successively as follows:

a) K, with fhe load F; Kj;
b) Ky or K with the load Fy K K,;

) Ky, or Ke, with the load Fy Kp Ky Kiyp ) -

D

When a geaf drives two or more mating gears, it is necessary to multiply by (K Ky) instead of K,; also sep 4.2.

4.1.15 Determination of allowable values of gear deviations

The allowable values of gear deviation shall be determined in‘accordance with ISO 1328-1.

4.2 Tangential load, torque and power
When assessing the load acting on gear teeth, allloads affecting the gearing shall be considered.

In the case pf double helical gears, it is assumed that the total tangential load is divided equally between the
two helices. [If this is not the case, for examples as a consequence of externally applied axial loads, this|shall
be taken intp consideration. The two halves of the helix should be treated as two helical gears arranggd in
parallel.

Concerning multiple-path transmissions, the total tangential load is not quite evenly distributed to the various
load paths (irrespective of.design, tangential velocity or accuracy of manufacture). Allowance is made for this
by means of the meshload factor K, (see also 4.1.14). If possible, K, should preferably be determingd by
measurement; alternatively, its value may be estimated from the literature.

If the operating speéd is near to a resonance speed, a careful study is necessary. See Clauses 5 and 6.

4.2.1 Nominal tangential load, nominal torque and nominal power

The nominal tangential load F; is determined in the transverse plane at the reference cylinder. It is derived
from the nominal torque or power transmitted by the gear pair.

The load capacity rating of gears is effectively based on the input torque to the driven machine. This is the
torque corresponding to the heaviest regular working condition. Alternatively, the nominal torque of the prime

1) Kugis also to be used in the evaluation of K, since for tooth bending it is K5 which represents the determinant load
due to uneven distribution of F; over the face width (see 7.2.1).
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mover can be used as a basis if it corresponds to the torque requirement of the driven machine, or some other
suitable basis can be chosen.

F; is defined as the nominal tangential load per mesh, i.e. for the mesh under consideration. 7 and P are
defined accordingly. In the following equations, nq o is given in revolutions per minute.

200077, 190981000 P 1000 P

F (1)
di dygn12 v
Fid
T, . =t 1,2:1000P:9549P 2
T 2000 1 2 I’l1’2
_ Ry _Thpmp Thiomp )
1000 1000 9549
_d1p o2 _dipmp2 (@)
2000 19 098
2000v nqo
(] 2= = (5)
dio 9,549

4.2.1 Equivalent tangential load, equivalent torque andcequivalent power
When the transmitted load is not uniform, consideration. should be given not only to the peak [load and its
antigipated number of cycles, but also to intermediateloads and their numbers of cycles. This type of load is
clasged as a duty cycle and may be represented: by a load spectrum. In such cases, the cumulative fatigue
effeqt of the duty cycle is considered in rating.the gear set. A method of calculating the effect|of the loads
undgr this condition is given in ISO 6336-6.
4.2.3 Maximum tangential load, maximum torque and maximum power
This|is the maximum tangential load"F; ,,,, (or corresponding torque 7,,,,, corresponding power|(P,..) in the
varigble duty range. Its magnitude’ can be limited by a suitably responsive safety clutch. F 4 Tihax @nd Ppay
are fequired to determine the-safety from pitting damage and from sudden tooth breakage due to loading
corrgsponding to the statie'stress limit.
5 HApplication'factor Ky
The [factor Kx adjusts the nominal load F; in order to compensate for incremental gear loads ffom external
sourges., These additional loads are largely dependent on the characteristics of the drivingl and driven
machines; as well as the masses and stiffness of the system, including shafts and couplings used|in service.

For applications such as marine gears and others subjected to cyclic peak torque (torsional vibrations) and
designed for infinite life, the application factor can be defined as the ratio between the peak cyclic torques and
the nominal rated torque. The nominal rated torque is defined by the rated power and speed. It is the torque
used in the load capacity calculations.

If the gear is subjected to a limited number of known loads in excess of the amount of the peak cyclic torques,
this influence may be covered directly by means of cumulative fatigue or by means of an increased application
factor, representing the influence of the load spectrum.

It is recommended that the purchaser and manufacturer/designer agree on the value of the application factor.

© IS0 2006 — Al rights reserved 19


https://standardsiso.com/api/?name=c7003e07edd7e49298c9ec4d5da296b2

ISO 6336-1

5.1

:2006(E)

Method A — Factor Ky p

K, is determined in this method by means of careful measurements and a comprehensive analysis of the

system, or on

the basis of reliable operational experience in the field of application concerned. See 4.2.2.

5.2 Method B — Factor K 5

If no reliable data, obtained as described in 5.1, are available, even as early as the first design phase, it is

possible to u

se the guideline values for K, as described in ISO 6336-6.

6 Intern

The internal
and load. Hi

It is general

manufacturing.

The internal
related to sp

al dynamic factor X,

dynamic factor makes allowance for the effects of gear tooth accuracy grade as related-to s
jh accuracy gearing requires less derating than low accuracy gearing.

y accepted that the internal dynamic load on the gear teeth is influenced tby-both design

dynamic factor makes allowance for the effects of gear tooth accuracy and modificatior]
eed and load:

btal mesh torque at operating speed

“Perfect” gears are defined as having zero quasi-static_transmission error at the nominal transmitted (de|

mesh torque
[e.g. zero tre

and no fluctyation at rotational frequencies]. With~zero excitation from the gears, there is zero response a

speed.

6.1 Paran

6.1.1 Desi

The design parameters inclade the following:

pitchling

pn

Mesh torque with “perfect” gears

_ Totalmesh torque at operating speed
Nominal transmitted (design) mesh torque

peed

and

S as

. They can only exist for a single load and; with proper modifications, have zero dynamic

heters affecting internal. dynamic load and calculations

velocity;

tooth lo

tooth sti

lubrican

20

d;

effects
nsmission error (perfect conjugate action), zero excitation, no fluctuation at tooth mesh freqn.{{ency

sign)

any

inertia and stiffness of the rotating elements,

ffness variation;

t properties;

stiffness of bearings and case structure;

critical speeds and internal vibration within the gear itself.
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6.1.2 Manufacturing

The

manufacturing considerations include the following:
pitch deviations;

runout of reference surfaces with respect to the axis of rotation;

— tooth flank deviations;

— compatibility of mating gear tooth elements;

6.1.3

Ever
dyng
as th
requ
from
gear
unds

a)

b)

9)

balance of parts;

bearing fit and preload.

Transmission perturbance

when the input torque and speed are constant, significant vibration of the gear masses, 4§
mic tooth loads, can exist. These loads result from the relative displacements between the
ey vibrate in response to an excitation known as transmission errar;, The ideal kinematics
uniform relative angular motion of a pair of meshing gears. Itis.influenced by all deviations fi
tooth form and spacing due to the design and manufacture.of the gears, and to the operation
r which the gears shall perform. The latter include the fallowing.

Pitch line velocity: the frequencies of excitation depend on the pitch line velocity and module.
(Gear mesh stiffness variations as the gear teéth’pass through the meshing cycle: this source
have less stiffness variation.

Hesigned to give uniform velocity ratio only for one magnitude of load. Loads different fron
oad will give increased transmission error.

Dynamic unbalance of the.gears and shafts.

Application environment: excessive wear and plastic deformation of the gear tooth profiles

Mmaintain a safe.operating temperature and a contamination-free environment.

Shaft alignment: gear tooth alignment is influenced by load and thermal deformations of the g
bearings - and housing.

nd resultant
ating gears
a gear pair

re a constant ratio between the input and output rotations. Transthission error is defined as the departure

om the ideal
al conditions

of excitation

s especially pronounced in spur gears. Spur‘and helical gears with total contact ratios greater than 2,0

Transmitted tooth load: since deflections are load-dependent, gear tooth profile modificatjons can be

n the design

increase the

ransmission erref./Gears shall have a properly designed lubrication system, enclosure and seals to

ears, shafts,

F Xcitation induced by tooth friction.

6.1.4 Dynamic response

The

effects of dynamic tooth loads are influenced by the following:
mass of the gears, shafts, and other major internal components;
stiffness of the gear teeth, gear blanks, shafts, bearings and housings;

damping, the principal sources of which are the shaft bearings and seals, while other sou
hysteresis of the gear shafts and viscous damping at sliding interfaces and shaft couplings.
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6.1.5 Resonance

When excitation frequencies (such as tooth meshing frequency and its harmonics) coincide or nearly coincide
with a natural frequency of vibration of the gearing system, the resonant forced vibration can cause high
dynamic tooth loading. When the magnitude of internal dynamic load at a speed involving resonance becomes
large, operation near this speed should be avoided.

a) Gear blank resonance

The gear blanks of high speed, lightweight gearing can have natural frequencies within the operating
speed range. If the gear blank is excited by a frequency which is close to one of its natural frequencies,
the res i ' i i Tt

shell mgde vibrations which can cause the gear blank to fail. The dynamic factors K|, (from thefollo
Method$ B and C) do not take account of gear blank resonance.

b) resonance
riven
s on
b the
ation
ntire
n the

The geprbox is only one component of a system comprised of a power source, gearbox, d
equipment and interconnecting shafts and couplings. The dynamic response of this system depeng
the configuration of the system. In certain cases a system could possess a natural frequency close
excitatign frequency associated with an operating speed. Under such resonant conditions, the oper
shall bg worked out carefully as mentioned above. For critical drives, ,a detailed analysis of the 4
system [is recommended. This should also be taken into account wheh determining the effects o
applicatjon factor.

6.2 Princjples and assumptions

In accordan
(Ky.a) to Me

Given optim
over the fag
approaches

In gear train
gears, there
single gear
higher natur

Transverse
of a shaft-gg

lateral vibratjons. This results in more natural frequencies than the one formed by just a pinion and whee

may lead to

In the case

be with the specifications of 4.1.12, methods for determining X,, are given in 6.3, from Meth
hod C (K,_c)-

um profile modification appropriate to the loading, a large overlap ratio, even distribution of|
e width, highly accurate teeth and high-specific tooth loading, the value of the dynamic fi
1,0.

s which include multiple mesh.gears such as idler gears and epicyclic gearing, planet and
are several natural frequencies. These can be higher or lower than the natural frequencyj
pair which has only one/mesh. When such gears run in the supercritical range, resonan
bl frequencies occur andymay lead to a higher dynamic factor.

Vibrations of the shaft-gear systems will also influence the dynamic load. Transverse compli
ar system can‘result in coupled vibrations where the pinion and/or wheel combine torsiona

A higher dynamic factor X,

of high specific loading, high values of (K F})/ b, high values of (v z4 /100)\/u2 /(1+u2)

od A

load
actor

sun
of a
ce of

ance
and
and

and

having the c

brresponding accuracy of gear cutting, tooth tips and/or roots should be suitably relieved.

6.3 Methods for determination of dynamic factor

6.3.1

Method A — Factor K, 5

The maximum tooth loads, including the internally generated dynamic additional loads and the uneven
distribution of loads as described in Clause 8, are determined in Method A by measurement or by a
comprehensive dynamic analysis of the general system. Under these circumstances K|, (just as K, and K¢ )
is assumed to have a value of 1,0.

K, can also be assessed by measuring the tooth root stresses of the gears when transmitting load at working
speed and at a lower speed, then comparing the results.
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The factor K,, may be determined by a comprehensive analytical procedure which is supported by experience
of similar designs. Guidance on procedures can be found in the literature.

Reliable values of the dynamic factor, K|,

satis

factorily verified by measurement.

6.3.2 Method B — Factor K, g

can best be predicted by a mathematical model which has been

For this method the simplifying assumption is made that the gear pair consists of an elementary single mass
and spring system comprising the combined masses of pinion and wheel, the stiffness being the mesh
stiffness of the contacting teeth. It is also assumed that each gear pair functions as a single stage gear pair,

i.e. t
the t
low.

In ad
cove

appl

Itis f
aver
coup
dyng
in th

Calc

ne influence of other stages in a multiple-stage gear system is ignored. This assumption is_f
prsional stiffness of the shafts connecting the wheel of one stage with the pinion of the(nex
See 6.4.2 for the procedure dealing with very stiff shafts.

cordance with this assumption, loads due to torsional vibration of the shafts andjedupled ma
red by K,. These latter loads should be included with other externally applied loads (g
cation factor).

urther assumed, in the evaluation of dynamic factors by Method B, that-damping at the gear
pge value. (Other sources of damping such as friction at component interfaces, hysteres|
lings, etc., are not taken into consideration.) Because of these additional sources of dampin
mic tooth loads are normally somewhat smaller than those calCulated by this method. This dd
e range of main resonance (see 6.4.4).

Llation of K, by this method serves no useful purpose when the value (v z4 /100)\/u2 /(11

ermissible if
is relatively

sses are not
.g. with the

mesh has an
s, bearings,
g, the actual
es not apply

+u2) is less

than|3 m/s. Method C is sufficiently accurate for all cases-it-this range.
6.3.3 Method C — Factor X,
Method C is derived from Method B by introducing the following additional simplifying assumptions
a) [The running speed range is subcritical:
b) PBteel solid disc wheels.
c) [The pressure angle ¢ = 20°;fpb = Jot COS 20° according to ISO/TR 10064-1.
d) Helix angle g = 202 for’helical gearing (refers to ¢/, Cm)‘
e) [lotal contact ratio &, = 2,5 for helical gearing.
f)  [Tooth stiffness (see 9.3):
—~")For spur gears, ¢’ =14 N/(mm-pm), ¢, = 20 N/(mm-um);

— For helical gears, ¢’ =13,1 N/(mm-um), Cry= 18,7 N/(mm-pm).

g) Tip relief C; =0 um and tip relief after running-in Cay = 0 um.

h)

i)

Effective deviation f,p, ot = /4 eff-

For assumed values forfpb, Yo andfpb of» S€e Equations (18) and (19) and Table 3.

The features described in 6.4.1 a) have not been taken into consideration in the application of Method C. The
influence of specific loading is taken into account.
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Table 3 — Assumed mean values of effective base pitch deviation, /;, o1, for factor X, ¢

Accuracy grades as specified in ISO 1328-1
3 4 5 6 7 8 9 10 11 12
Job eff 2,8 5,1 9,8 19,5 35 51 69 100 134 191

6.4 Determination of dynamic factor using Method B: X, g

According to the precondltlons and assumptlons glven in 6.3.2, Method B is suited for all types of transm|SS|on
(spur and heli or all
operating cg nditions. However there are restrictions for certain f|eIds of appl|cat|on and operation which will
be noted in ¢ach case and should be taken into account.

The resonance ratio N (ratio of the running speed to the resonance speed) is determined as. describgd in
6.4.2 2). The| entire running speed range can be divided into three sectors — subcritical, main-fesonancd and
supercriticalf Formulae are provided for calculating K|, in each sector.

NOTE The dynamic factors calculated from the equations in 6.4.3 to 6.4.6 correspond to the experimgntally
determined mean dynamic tooth load values. In the subcritical and main resonance ranges; values of K, derived| from
measuremen{ data usually deviate from the calculated values by up to +10 %. Even greater deviations can occur when
there are othgr natural frequencies in the gear and shaft system. See 6.4.1 a), 6.4.3, and 6.4.4.

6.4.1 Runping speed ranges

a) Subcritjcal range (N < 1)3)

In this sector, resonances can exist if the tooth mesh frequency coincides with N = 1/2 and N = 1/3. Under
such cifcumstances the dynamic loads can exceed the-values calculated using Equation (13). The risk of
this is glight for precision helical or spur gears, if the-fatter have suitable profile modification (gedrs to
accuragy grade 5 of ISO 1328-1 or better).

When the contact ratio of spur gears is smallor'if the accuracy is low, K, can be just as great as ip the
main reponance speed range. If this occurs; the design or operating parameters should be altered.

Resonances at N = 1/4, 1/5, ... are seldom troublesome because the associated vibration amplitudes are
usually small.

When the specific loading (F K5)/b <50 N/mm, a particular risk of vibration exists (under gome
circumsftances, with separation of working tooth flanks) — above all for spur or helical gears of cgarse
accurady grade running at-higher speed.

b) Main resonance range (N = 1)

Operatipn in this\range should generally be avoided, especially for spur gears with unmodified footh
profiles| or helical gears of accuracy grade 6 or coarser as specified in ISO 1328-1. Helical gears of| high
accurady with 'a high total contact ratio can function satisfactorily in this sector. Spur gears of grade| 5 or
better ag ified i ' i ificati

c) Supercritical range (N> 1)

The same limitations on gear accuracy grade as in b) apply to gears operating in this speed range.
Resonance peaks can occur at N=2, 3 ... in this range. However, in the majority of cases vibration
amplitudes are small, since excitation loads with lower frequencies than meshing frequency are usually
small.

2) When it is known in advance that gears will operate in the supercritical sector, there is no need to evaluate the
resonance speed. As a consequence, the dynamic factor can be directly determined in accordance with 6.4.5.

3) For a definition of N, see Equation (9). In practice, the calculated resonance sector is broadened to ensure a safe
margin. See Equations (10) and (11) and the preamble thereto.
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For some gears in this speed range, it is also necessary to consider dynamic loads due to transverse
vibration of the gear and shaft assemblies (see 6.3.2). If the critical frequency is near the frequency of
rotation, the associated effective value of K, can exceed the value calculated using Equation (21) by up
to 100 %. This condition should be avoided.

6.4.2 Determination of resonance running speed (main resonance) of a gear pair 3)

This is as follows:

30000 [ ¢y

ngq = A
wzqy  \ Mred

wherle

meeq is the relative mass of a gear pair, i.e. of the mass per unit face width of @ach gear, rgferred to its
base radius or to the line of action

ny my J1J>

mred = * * = * 2 * 2 (7)
my+my  Jq rhy +Jo 1y

where

* _ J172

m1,2_ 2
P
b1,2 (8)

and ry, is the base radius

See b.4.8 for the method of calculating an appreximate value of msy. See Clause 9 for the stiffnegs c, .

Method A is to be preferred for less common transmission designs. A method for deriving approx|mate values
is specified for the following cases:

a) pinion on large diameter shaft;

b) [wo neighbouring gears_rigidly joined together;
c) pne big wheel driven by two pinions;

d) Ppimple planetary gears;

e) |dler,gears.

The lratio of pinion speed to resonance speed is termed the “resonance ratia” N (ml is in revolutions per
minute):

N:ﬂ:nﬂtq Mred
ngq 30000 ¢, ©)

The resonance running speed ngq may be above or below the running speed calculated from Equation (6)
because of stiffnesses which have not been included (the stiffness of shafts, bearings, housings, etc.) and as
a result of damping. For reasons of safety, the resonance ratio in the main resonance range, Ng, is defined by
the following upper limit.

Ng <N <1,15 (10)
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The lower limit of resonance ratio Ng is determined:

a) atloads such that (F; K,)/ b is less than 100 N/mm, as

Fi K
Ng =0,5+0,35 |- L~A
1005

b) for loads where (F; Ky / b) = 100 N/mm, as

Ng =0,85

(11)

(12)

For resonange ratio, », in the main resonance range, see Figure 1.

YA
1,8
i 1
1,5
2
1,15

0,85

05 F 4
0.3 | | | | | | | | | .
0 20 40 60 80 100 120 140 160 180 200 X
Key
X specific Iqading, F KA Nimm

Y resonancg ratio, N

supercritical range

intermedi
main resq

hte range
nancefange

B WODN -

subcritica

rahge

26

Figure 1 — Resonance range
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Thus the following ranges result for the calculation of X,,.

a) Subcritical range, N < Ng (see 6.4.3).
b) Main resonance range, Ng <N < 1,15 (see 6.4.4). This field should be avoided. Refined analysis by
Method A is recommended for X,
c) Intermediate range, 1,15 < N < 1,5 (see 6.4.6). Refined analysis by Method A is recommended.
d) Supercritical range, N > 1,5 (see 6.4.5).
6.4.3 Dynamic factor in subcritical range (N < Ng)
See B.4.1 a) for special features; the majority of industrial gears operate in this range.
K, =(NK)+1 (13)
K =(Cyq Bp)+(Cy2 Bf)+(Cy3 By) (14)
whetle
C,4 allows for pitch deviation effects and is assumed to be constant at C,; = 0,32 (see Figurg 2);
C,-» allows for tooth profile deviation effects and can béread from Figure 3 or determined in accordance
with Table 4;
C,3 allows for the cyclic variation effect in mesh.stiffness and can be read from Figure 3 or determined in
accordance with Table 4.
Table 4 — Equations for calculation-of factors C 4 to C,; and C,, for determination of K, g,
Method B (equiations relate to curves in Figures 2 and 3)
1<e,<2 &,>2
Cu1 0,32 0,32
0,57
Cvz 0,34 z,-0,3
0,096
Cv 0,23 2, 1,56
c 0,57-0,05¢,
v4 0,90 W
€75 04T 04T
0,12
Cve 0,47 2, 1,74
1<g<15 1,5<¢,<25 g7>2,5
Cv7 0,75 0,125 sin [r(¢, - 2)] + 0,875 1,0
1 (o 2
Cay ——(%—18,45 +1,5
18 97
NOTE When the material of the pinion (1) is different from that of the wheel (2), Cayq and Cyy are calculated separately, then
Cay= 0,5 (Cay1 + Cayz).
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C
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4
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0,32 AN \\
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0,23 =2 \\\\
§ \\\
0 — >
1 2 3 4 5 6 7 8 X
Key
X contact rgtio, &,
Y factor, C,
NOTE Fpr the equations used for calculation, see Table 4.
Figure 2 — Values of C 4 to"C,; for determination of K g (Method B)
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Key
X dllowable stress number, oy, N/mm?
Y tip relief, Cay, UM
NOTE When the pinion material (1) is different fromthe wheel (2) then Cay = 0,5 (Cay1 + Cayo)-

Figure 3 —Tip relief Cay produced by running-in (see Table 3 for calculation)

B, B and By are non-dimensional parameters to take into account the effect of tooth deviations and profile
modifications on the dynamic load 4},

= ¢ fpbeff (15)
K (Fi/b)

5. _ ¢ Jraef (16)
" Ka (R I
c'C

B, == "3 17

k ‘ KA(Ft/b)‘ (17)

The effective single pitch and profile deviations are those of the “run-in” pinion and wheel. Initial deviations are
generally modified during early service (running-in). The values of Job eff and f;, ¢ are determined by
deducting estimated running-in allowances (yp and ys) as follows:

fpbeﬁ:fpb_J’p (18)

Saeff = fta — ¥t (19)

4) Equation (17) is not suitable for the determination of an “optimum?” tip relief C,. The amount C, of tip relief may only be
used in Equation (17) for gears of quality grades in the range 0 to 5 as specified in ISO 1328-1. For gears in the range 6
to 12, By =1,0. Also see 4.1.1.2.
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Considerations of probability suggest that, in general, magnitudes of transmission deviation will not be greater
than the allowable values of f,, and f;, for the wheel, which are the larger. They are therefore used in
Equations (18) and (19) respectively; these are usually the values for the largest wheel.

In the event that neither experimental nor service data on relevant material running-in characteristics are
available (Method A), it can be assumed that y, =y, with y, from Figure 17 or 18 or 8.3.5.1. y; can be
determined in the same way as y, when the profile deviation f;, is used instead of base pitch deviation /.

C, is the design amount for profile modification (tip relief at the beginning and end of tooth engagement).

A value Cay resulting from running-in is to be substituted for C, in Equation (17) in the case of gears without a

specified pr ay mg to
Table 4.
See Clause P for single tooth stiffness ¢'.
6.4.4 Dyn3mic factor in main resonance range (Ng < N < 1,15)
Subject to rgstriction (see 6.4.1 b), this factor is equal to
Ky =(y1 By)+(Cyp Bs)+(Cyq B)+1 (20)

See 6.4.3 fof details regarding C,q, C,», By, Bfand By.

C,4 takes info account resonant torsional oscillations of the gear pair,Jexcited by cyclic variation of the mesh
stiffness. Its|value can be taken from Figure 2 or calculated as indicated in Table 4.

NOTE The dynamic factor at this speed is strongly influenced.by damping. The real value of the dynamic factdr can
deviate from the calculated value [see Equation (20)] by up to 40:%. This is especially true for spur gears with incorrectly
designed proffle modification.

6.4.5 Dynamic factor in supercritical range (NG'1,5)

Most high precision gears used in turbine and other high speed transmissions operate in this sector] see
6.4.1 c) for features.

Ky =(dys By)+(Cyg Bf)+Cy7 (21)

In this ranggq, the influences an-X, of C 5 and C,g correspond to those of C4 and C,, on K, in the subctitical
range. See §.4.3 for data on.these factors and on B, and By.

C,7 takes into accountithe component of load which, due to mesh stiffness variation, is derived from footh
bending deflectionssduring substantially constant speed.

Cys, Cyg and €y can be obtained from Figure 2 or calculated according to Table 3.

6.4.6 Dynamic factor in intermediate range (1,15 < N < 1,5)

In this range, the dynamic factor is determined by linear interpolation between K|, at N= 1,15 as specified in
and K, at N = 1,5 as specified in 6.4.5.

. Kyn=115—Kyn=15

) (1,5-
035 (1,56-N) (22)

Ky =Kyn=1p5)

See 6.4.4 and 6.4.5 for details and explanatory notes.
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6.4.7 Resonance speed determination for less common gear designs

The resonance speed determination for less common gear designs should be made with the use of Method A.
However, other methods may be used to approximate the effects. Some examples are as follows.

6.4.7.1

Pinion shaft with diameter at mid-tooth depth, 4..,, about equal to shaft diameter

m1s

The resonance speed tends to decrease because the pinion mass is supplemented by the shaft mass.

Nevertheless, the resonance speed can be calculated in the normal way, using the mass of the pinion
(toothed portion) and the normal mesh stiffness ¢, ..

6.4.1.2 Two rigidly connected coaxial gears

The mass of the larger of the connected gears is to be included. The mass of the smallet gear
ignofed. This gives a useable approximation when the diameters of the connected gears a
diffefent (see also 6.4.2).

6.4.7.3 One large wheel driven by two pinions

See plso 6.3.2. As the mass of the wheel is normally much greater thanthe masses of the piniong

can

6.4.7

Becd
behd
such

a fir
theo

a)

be considered separately, i.e.
Bs a pair comprising the first pinion and the wheel, and

BS a pair comprising the second pinion and the wheel.

.4  Planetary gears

use of the many transmission paths whi¢h include stiffnesses other than mesh stiffness,

as Method B, is generally quite inaecurate. Nevertheless, Method B modified as follows car
5t estimate of K. This estimate ‘should, if possible, be verified by means of a subseqy
etical or experimental analysisj.oron the basis of operating experience. See also the comme

Planet gear — Ring gear rigidly connected to the gear case

n this case, the mass-of the ring gear can be assumed to be infinite, the ring gear worl
connection of thecvibrating system. Under the presupposition that the vibrating system is ded
he other driving elements (connection with low stiffness against torsion), the remaining syste|
pbf sun and plaftets including the tooth contact between the sun and the planet and respectiv
he planet-and the ring gear, possesses two resonance frequencies. These can be determin
fashion.to Equation (6) using two reduced masses meq 1, meq 2, Where, instead of c,,, the
contact-stiffness of a planet is to be used and the tooth number of the sun for z,. The redy

can often be
re markedly

, each mesh

he vibratory

viour of planetary gears is very complek. The calculation of dynamic load factors using simple formulae,

be used for
ent detailed
nts in 6.3.2.

s as a rigid
oupled from
m consisting
bly, between
ed in similar
single tooth
ced masses

Miaq, 1 @nd mpeq » Can be determined as follows:

* *

_ Mpjg Mgyn
Mred = * -
(p Mpla ) T Msyn
Mred,2 = Mpla
with
4
* T dm pla 1 4
pla =g 42 ~4pla | Ppla
bpla

© I1SO 2006 — All rights reserved

(23)

(24)

(25)

31


https://standardsiso.com/api/?name=c7003e07edd7e49298c9ec4d5da296b2

ISO 6336-1:2006(E)

where
m*s,, i the moment of inertia per unit face width of the sun gear, divided by 2, ¢, Where
b sun = b sun ! 2;
m*pla is the moment of inertia per unit face width of a planet gear, divided by Vzb plas where
rbpla:dbpla/Z;
p is the number of planet gears in the gear stage under consideration;
dynoia  See Equation (31);

9pid see Equation (32);

Ppld

It has t
divided
speed #

b) Rotating ring gear

In this d
case of
in6.4.7

*

where

qpl

6.4.7.5 Idler gears

The followin
limitations of

4
Meqrr = g— 1= Gcarr ) Pcarr

is the density.

by the number of planets p. The dynamic factor K, 4/, can be estimatediusing the reson
£ 1/2 calculated with moq 4/5; for further calculation the larger of the two factors X, 4, is to be

much greater reduced masses of the sun m*g,, and the ring.gear m*,,, the calculation desc
3 can be assumed:

4
T dmcarr

4
db carr

L is the moment of inertia perunit face width of the ring gear, divided by 12, ., W
"y carr = b carr / 23

in analogy to Equation-(31);

Carr

in analogy to Equation (32).

j calculation,procedure is an extension of the approximate two mass model and falls unde
6.3.2.

For the calc
several deg

lationfof the resonant frequencies of an idler gear, it is necessary to use a mechanical mode
ees) of freedom. Using the presuppositions made in Method B or C ), this model can be red

b be observed that F, in Equations (15) to (17) is equal to the whole peripheralload of thg sun

ance
used.

ase, it is mostly necessary to make a detailed analysis of the vibrating system. Only in the special

ribed

(26)

here

r the

with
uced

to three degrees of freedom. With the system of equations belonging 1o this SUbstituting model, two resonant

frequencies

ngq2 =

(resonant speeds ng 4/,) can be calculated:

30000 \/%(Bi\/BZ —4 C)

T Z4

(27)

5) These presuppositions are a connection with low stiffness of torsion to the other driving elements and a high flexural
strength of the gear shafts.
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with
1 1 1 1
B:C}/a,1/2(_*+_*J+c}/a,2/3 [—*Jr = } (28)
m1 m2 m2 m3
my +H’I2 +m3
C=Croti2 Cra2i3— 5 v v (29)
mq myp m3
where

m* 03 are the moments of inertia per unit face width of the smaller gear (pinion), the idier’gear and the
larger gear, related to the path of contact;

Coa/2 1S the mesh stiffness of the combination driving gear — idler gear;
Cr2i3 1S the mesh stiffness of the combination idler gear — driven gear.
For galculation of the mesh stiffness, see Clause 9.

K, may be determined by Method B using N as the least favorable ratie, i.e. the N-ratio which rfesults in the
highest X,, has to be considered.

6.4.8 Calculation of reduced mass of gear pair with external teeth

Approximate values of reduced mass which are suffiiently accurate can be derived from the following
equdtions:

2 2
d d
mred :g[ m1} 1 m 1 (30)

wherle

i1 is the base diameter;

data2-4d81 12

d = S OANSA,C 31
m1,m2 2 ( )
diq diq
g1 = vdo = (32)
dm1 dm2
See Figure4-

Equations (30) to (32) apply to external double helical, external single helical and external spur gears. They
ignore the masses of web and hub because of their negligible influence on the moment of inertia.
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@d.
@d;
@d,

Y

 J

Y

@d,

Y

Figure 4 — Definitions of the various diameters

For pinions and wheels of solid construction:

-
|

9

N
1l

11-¢3 =1

The calculatjon of (1 - q14) or (1- qé‘) for a gear rim whose rim width differs from the face width is only
where the n
are ignored,
tooth stiffnes

asses of the rim are directly connected to the gear rim..More distant masses on the same
since the stiffness of the interconnecting shaft is generally of minor significance compars
S.

mination of dynamic factor using Method C: K|, ¢

(33)

valid
shaft
ed to

In conjunctipn with the conditions and assumptions “described in 6.3.3, Method C supplies average values

e used for industrial transmissions and- gear systems with similar requirements in the follg
ication:

al running speed range, i.e.«{z, /100)\/u2 /(1+u2) <10m/s, where the restrictions in 6.3
cordingly;

and internal spur gears;
ck profile as speeified in 1ISO 53;
and helical spur gears with g < 30°;

ith retatively low number of teeth, z; < 50;

6.5 Deter
which can b
fields of app
a) subcritiq

apply a
b) externa
c) basicra
d) straight
e) pinion W
f)  solid dis

wing

.3 a)

c wheels or heavy steel gear rim 6)

Method C can also generally be used, with restrictions for the following fields of application:

g) all types of cylindrical gears, if (v z4 /100)\/u2 /(1 +u2) <3m/s;

h)

lightweight gear rim ©);

6)

unfavourable. Thus, calculated values tend to be safe. The same applies when gears are made of cast iron.

34

If the rim is very light or if helical gears have a very large overlap ratio, values obtained from Figure 5 or 6 are too
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i) helical gears where B> 30°6).

K, can be read from graphs (see 6.5.1) or computed (see 6.5.2). The method gives similar values.

6.5.1 Graphical values of dynamic factor using Method C

K, = (fr K350 N)+1 (34)

Jr takes into account the influence of the load on the dynamic factor, K55, the influence of the gear accuracy
grade at the specific loading of 350 N/mm and N is the resonance ratio [see Equation (9)].

The| curves for gear accuracy grade in Figures5 and 6 extend only (to-|the value
(v zq /100)«/142 [(1+ u?) =3 m/s, which is not generally exceeded for this accuracy gradef

a) For helical gears with overlap ratio ¢; > 1 (also approximately for ;> 0,9), the-gorrection factor f- shall
pe in accordance with Table 5 and (K35 N) shall be in accordance with Figure 5.

b) For spur gears, the correction factor f- shall be in accordance withCTable 6 and (K35q N) shall be in
hccordance with Figure 6.

c) For helical gears with overlap ratio ;< 1, the value K|, is detérmined by linear interpolatjon between
values in accordance with a) and b):

Ky :Kva_gﬁ(Kva_Kvﬂ) (33)
Wwhere
K,, s the dynamic factor for spur gears.using b);

Kyp is the dynamic factor for helical gears using a).
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Figure 5 — Values of K35, N for helical gears with ¢; > 1

Liracy in accordance with//ISO 1328-1, helical gears.
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bear accuracy in accordance-with ISO 1328-1, spur gears.

Figure 6 — Value of K35, N for spur gears
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Table 5 — Load correction factor f- for helical gears

Load correction factor f-
Gear accuracy (Fy Ka)lb
grade 2 N/mm

<100 200 350 500 800 1200 1500 2000

3 1,96 1,29 1 0,88 0,78 0,73 0,70 0,68

4 2,21 1,36 1 0,85 0,73 0,66 0,62 0,60

5 256 147 1 0281 065 056 052 048

6 2,82 1,55 1 0,78 0,59 0,48 0,44 0,39

7 3,03 1,61 1 0,76 0,54 0,42 0,37 0,33

8 3,19 1,66 1 0,74 0,51 0,38 0,33 0,28

9 3,27 1,68 1 0,73 0,49 0,36 0,30 0,25

10 3,35 1,70 1 0,72 0,47 0,33 0,28 0,42

11 3,39 1,72 1 0,71 0,46 0,32 0,27 0,21

12 3,43 1,73 1 0,71 0,45 0,31 0,25 0,20

NOTE Intgrpolate for intermediate values.
@  Gear accyracy grade in accordance with ISO 1328-1.
Table 6 — Load correction factor f- for spur gears
Load correction factor f-
Gear accurjacy grade @ (1;:; /ﬁAr::b

<100 200 350 500 800 1200 1500 2000

B 1,61 1(18 1 0,93 0,86 0,83 0,81 0,80

L 1,81 1,24 1 0,90 0,82 0,77 0,75 0,78

b 2,15 1,34 1 0,86 0,74 0,67 0,65 0,6p

b 2,45 1,43 1 0,83 0,67 0,59 0,55 0,5[1

[ 2,73 1,52 1 0,79 0,61 0,51 0,47 0,48

B 2,95 1,59 1 0,77 0,56 0,45 0,40 0,36

D 3,09 1,63 1 0,75 0,53 0,41 0,36 0,3(1

10 3,22 1,67 1 0,73 0,50 0,37 0,32 0,217

11 3,30 1,69 1 0,72 0,48 0,35 0,30 0,24

12 3,37 1,71 1 0,72 0,47 0,33 0,27 0,22

NOTE Interpolate for intermediate values.

@  Gear accuracy grade in accordance with ISO 1328-1.
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6.5.2 Determination by calculation of dynamic factor using Method C

a) For spur gears and helical gears with overlap ratio eg> 1 (also approximately for eg> 0,9)

K1 K VZq 142

—K 36
F 21100 3\ ,2 (36)

where numerical values for K; and K, shall be as specified in Table 7, and K5 shall be in accordance with
guation (3 (E K.\ /b is less than-100 N/mm-this-value-is-assumed-to-be equal-to-10Q N/mm. See
-1 AN 7 Al SV > V4 T ot .

5.4.1 a).

2
If 221 Y <0,2K5=2,0
100\ 1+ 4,2
VZ1 u2 VZ1 u2
If 22 |4 50,2K,=-0,357—1 |-“ 42071
100\ 14,2 100 {1+ ,2

b) For helical gears with overlap ratio eg< 1:

(37)

The value K, is determined by linear interpolation between values determined for spur gears (X,,) and
helical gears (Kvﬂ) in accordance with 6.5.1 c). See Equatien{35).

Table 7 — Values of factors K, and Kxfor calculation of X, -, by Equation (36)

K1 K2
Accuracy grades as specified in ISO 1328-1 All
accuracy
3 4 5 6 7 8 9 10 11 12 grades
Spuf gears 21 3,9 75 14,9 26,8 39,1 52,8 76,6 102,6 | 146,3 0,0193
Heligal gears 1,9 3,5 6,7 13,3 23,9 34,8 47,0 68,2 91,4 130,3 0,008 7

7 Face load factors Kijzand Kgg

7.1 | Gear tooth load distribution

The [facé.load factor takes into account the effects of the non-uniform distribution of load over the gear face
width othe surface stress (K 5) and on the tooth root stress (Kgj).

See 7.2.1 and 7.2.2 for definitions of the face load factors.

The extent to which the load is unevenly distributed depends on the following influences:
a) the gear tooth manufacturing accuracy — lead, profile and spacing;

b) alignment of the axes of rotation of the mating gear elements;

c) elastic deflections of gear unit elements — shafts, bearings, housings and foundations which support the
gear elements;

d) bearing clearances;
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e) hertzian contact and bending deformations at the tooth surface including variable tooth stiffness;
f) thermal deformations due to operating temperature (especially important for gears with large face widths);
g) centrifugal deflections due to operating speed;
h) helix modifications including tooth crowning and end relief;
i)  running-in effects;
j) total tangential tooth load (including increases due to application factor K, and dynamic factor K, );
k) additional shaft loads (e.g. from belt or chain drives);
I) gear gepmetry.
7.2 General principles for determination of face load factors K5 and K4
Uneven loaq distribution along the face width is caused by an equivalent mesh mijsalignment in the plane of
action, comprising load-induced elastic deformation of gears and housing, and displacements of bepring
journals; alsp by manufacturing deviations and thermal distortions.
When combined, the housing and gear manufacturing deviations,{deflections of the housing|and
displacemerfts of journal bearings, always result in a straight line deviation within the plane of action. Elastic
deformations of shafts and gear bodies always result in non-linear deviations, as well as the deformations
produced by thermal distortion resulting from uneven temperature distribution over the face width.| The
undulations gnd the flank form deviation are superimposed on the resulting mesh alignment. The unevenhness
of load distiibution is reduced by running-in in accordance with the running-in effects characteristic of the
material combination.
7.2.1 Facgq load factor for contact stress X,
Ky 4 takes into account the effect of the load-djstribution over the face width on the contact stress apd is
defined as fgllows:

Koin o maximum load per unit face ‘width  (F/b) a4

Hp average load per unit face-width Fnlb

The tangential loads at thecreference cylinder are used for an approximate calculation, i.e. using the
transverse gpecific loading<[A,/b = (F; K5 K,)/b] at the reference cylinder and the corresponding maximum
local loading.
7.2.2 Facg load factor for tooth root stress K
K5 takes info-aecount the effect of the load distribution over the face width on the stresses at the tooth rqot. It

depends on

ne variables which are determined Tor KH,B and also on the tace width to tooth depth ratio, b/h.

7.3 Methods for determination of face load factor — Principles, assumptions

Several methods in accordance with the specifications of 4.1.12 are given in 7.3.1 to 7.3.3 for the
determination of the face load factors.

Careful analysis is recommended when the face/diameter ratio, b/d, of the pinion is greater than 1,5 for
through hardened gears and greater than 1,2 for surface hardened gears.

When equivalent misalignments due to mechanical and thermal deformations are compensated for by helix
modification (possibly varying over the face width), a nearly uniform load distribution over the face width can

40
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be achieved for a given operating condition, if there is a high degree of manufacturing accuracy. In this case
the value of the face load factor approaches unity. See Annex B for guidance data on face crowning and tip
relief. See 4.1.12 for accuracy grade limitations.

7.31

Method A — Factors K}, p and Ki 5

By this method, the load distribution over the face width is determined by means of a comprehensive analysis
of all influence factors. The load distribution over the face width of gears under load can be assessed from
measured values of tooth root strain, during operation at working temperature or, with limitations, by a critical
examination of the tooth bearing pattern.

Datdl
a)

b)

7.3.2

By t
calcy
stiffny
the 4

7.3.3

By u
pinio

valugs of the variables include calculation, measurement and experience, either individually or in
7.6). As explained in 7.2.4,\Method C involves the assumption that gear body elastic deflectipns produce,

(see
in th
furth
sepg

Figu
tooth

7.4

to be given in the delivery specification or drawing include
maximum (permissible) face load factor, or
maximum permissible total mesh misalignment under operating load and tempefatlre, for w

oad factor can be derived using a precise calculation method where it is also)necessary f{
relevant influences be known.

Method B — Factors K, ;5 and K ;g

lations. This method depends on the elastic deflections under. Joad, the static displacement
ess of the whole elastic system (see 7.4). The load distribution in a gear mesh and the def
lastic system affect each other. Therefore, one of the following methods must be used:
terative method (Dudley/Winter);

nfluence factors.

Method C — Factors K}, and K ¢

sing this method, account is taken of those components of equivalent misalignment due t
n-shaft deformations and also.tHose due to manufacturing deviations. Means of evaluating

b mesh, a linearly increasing separation over the face width of the working tooth flanks (see
er information). That ‘equivalent misalignment, inclusive of manufacturing deviations, inv
ration of working flanks, which is implicit in this assumption.

es 7 and 8 illustrate the influences of equivalent misalignment, according to these assumpti
load, on the'toad distribution.

Determination of face load factor using Method B: X};5

hich the face
hat all other

his method, the load distribution along the face width is determined by means of computer aided

5 and on the
prmations of

D pinion and
approximate
combination

Annex D for
blves similar

pns, and the

7.4.

Number of calculation points

The load distribution is calculated for exactly 10 increments along the face width.

7.4.2 Definition of X},

K} 5 1s defined as the maximum load intensity (local load per unit length increment of face width) compared to
the mean load (F,,,/b). The basic model of the gear mesh is a spur tooth pair having the same number of teeth,
transverse module and face width of the gear pair being analysed.

B (F/b)max
KR 8= i b)

© I1SO 2006 — All rights reserved

(38)

41


https://standardsiso.com/api/?name=c7003e07edd7e49298c9ec4d5da296b2

ISO 6336-1:2006(E)

7.4.3 Stiffness and elastic deformations

The effective stiffness used for the calculation of the load distribution is the stiffness of the whole elastic
system. Examples are given in Annex E. It is the addition of the following elastic elements:

42

gear mesh;

gear body;

stiffness of shaft / hub connections, pinion and gear shaft;

stiffnesy

stiffnesy

stiffnesy

of the bearings;
of the housing;

of the foundation.
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Figure 7 — Distribution of load along face width

with linear equivalent misalignment
(illustration of principle)
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Figure 8 — Calculation of load per the unit
face width (F/b),, ., With linear distribution
of the load on the face width F,, = (F; Kp K,))
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7.43.1 Gear mesh

The stiffness of each increment results from the method of calculating the deformations. The stiffness of each
spring is the mean value of mesh stiffness ¢, ; according to Clause 9. The load is assumed to be in the zone of
single tooth contact without load sharing. The load sharing between helical teeth is not considered. In certain
gears such as thin rimmed gears, the stiffness can vary. Similarily, at ends of the face width the stiffness
values can be less than in the centre face. These effects are ignored in Method B.

7.4.3.2 Gear body

The deformations of the gear body due to bending and torsion can be considered by regarding the gear body

as a part of fhe shaft. Different diameters are used for calculating the bending and torsional deformation_ip the
area of the dear mesh, which should be between the root and the tip diameter of the pinion/gear. The(valye for
bending is the (tip diameter — root diameter)/2 plus root diameter. For torsion it is the root diameter plug 0,4
modules. Thee load is in the base tangent plane for bending.
7.4.3.3 Shaft/ hub connection
For normally shrink-fitted gears or connections, the shaft is stiffened to a diameter midway (d,,,,4) between hub
diameter andl bore (dj,,,), see Figure 9.
ad; _
QCIlmid -
< deore
i
Figure 9 — Definitions of various diameters
7.4.3.4 Pjnion and gear shaft
The bending deflections of the pinion and gear shaft (with variable inside and outside diameter) have fo be
calculated akeérding-te-thetinear-bending-theery—Fhe-bending-deflections-eanbe-caused-by-all-gearmeshes

and by all other external loads (belts, chains, couplings, etc.). The diameter in the tooth area to be used for
bending is (tip diameter — root diameter)/2 plus root diameter. The load is in the base tangent plane for
bending. The torsional deformation of the pinion and gear have only to be calculated in the area of the gear
mesh. It has to be considered that the torque is decreasing along the face width. A diameter of root diameter
plus 0,4 modules should be used.

7.4.3.5 Bearings

The elastic deformations of the bearings may be calculated by the input of stiffness values for the applied load.
If exact stiffness values are not known, minimum and maximum values have to be chosen to verify the
influence of the bearing deformations.
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7.4.3.6 Housing

The elastic deformations of the housing may be determined by calculation or empirical means. In the case of
tapered bearings, the axial deflection of the housing due to gear loads and external thrust loads must be
considered in determing the bearing clearances and resulting shaft positions at the bearings.

7.4.3.7 Foundation

The elastic deformations of the foundation may be determined by calculation or empirical means.

7.4.4_ Static displacements

7.4.41 Shaft working position in bearings

The |operating bearing clearances must be considered, including the effects of manufacturing variations,
thermal expansion, interference fits, axial clearance in tapered bearings and oil film thiekness in plain bearings.

7.4.42 Manufacturing errors
Mangfacturing variations (permissible variations in gears, housings, etc.)'may be estimated ffom drawing
tolerances or established manufacturing standards. The use of 1ISO 1328 for tooth aIignmentfHﬁ is permitted

for the estimate of total manufacturing variation, provided that contact checking at assembly is used to verify
that |ts use is appropriate.

7.4.4 Assumptions
The | methods used for determining the values of\ bearing deformations, bearing clearances, housing

defofmation and the values for manufacturing errong’;must be stated. If influence factors are neglected, it has
to bq justified that they are low enough in magnitude.

7.4. Computer program output

In orfer to verify the computer calculations, the output of the program must include the full list of|input values
and gll relevant intermediate resulis: To understand the input assumptions and the output valug of Kyp, the
following data is required in tabular ‘graphic form:

— Heflections of the shafis (bending and twist);
— pearing forces;
— pear data;

— |oad.distribution;

—  load-distributionfactor:

7.5 Determination of face load factor using Method C: K}; ¢

The formulae for the calculations of elastic deflections of the pinion and pinion-shaft (f;,) are simplified and
are based on the following assumptions.

a) The deflections of the wheel and wheel shaft are not included in the basic calculations; normally these
elements are sufficiently stiff so that their deflections can be ignored, but if it is required to include them
they must be assessed independently and corresponding amounts added to f;,, with the correct sign.

b) Deformations of the gear case and of the bearings are not included in the basic calculations; normally
these elements are sufficiently stiff so that their deflections can be ignored (noting that it is deflection
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differences which are important), but if it is required to include them they must be assessed independently
and corresponding amounts added to f;,, with the correct sign.

c) No effect of bearing clearances is included. If the configuration is such that the clearances can result in
significant shaft tilting, then this tilt must be assessed independently and corresponding amounts added
to fi,4 With the correct sign.

d) The torsional and bending deflection of a pinion with the actual load distribution are assumed to be not
significantly different from those determined with loading distributed evenly over the face width. This
assumption is valid for low calculated values of K}, ; and becomes increasingly less valid for higher values.

e) The begringsdo notabsorb any bending Toments:.

f) The pirfion configuration is in accordance with Figure 13. Note that the restriction that the ‘pinion is
towards the centre of the shaft span (0 <s//< 0,3) does not apply if suitable helix correctioh is yised.
Note algo that the factor K’ takes into account the stiffening effect of the pinion body.

g) The pinjon shaft has constant diameter (dgy), is solid (or hollow shaft with dg,/dg,, <©,5) or can at leajt be
satisfacforily so approximated.

h) The shgft material is steel.

i) Any additional external loads acting on the pinion shaft (e.g. from shaft couplings) have a negliggable
effect oh the bending deflection of the shaft across the gear face width.

There are three commonly arising conditions which are not coveredtdy the equations of 7.5.2.4 but which can
be easily dealt with by slight variants on those equations.

— Where the ratio is unity of near unity and the torqued ends of the shaft are at opposite sides of thg box
(e.g. rod mill pinion), the torsional deflections of each 'gear are the same and in the opposite sense,|thus
compensating for each other, but the bending deflections add.

— Simple planetary gear trains: planet/annulus mésh. As with all idler gears, there is no torsional deflection
on the pinion (planet) and the main bending deflection is usually that of the pin in the carrier (caused by
loads of the meshing with both the sunvand annulus gears).

— Simple |planetary gear trains: suf/planet mesh. The torsional deflection of the sun gear is due t¢ the
multiple| meshes but its bending.deflection is zero. However, the deflection of the carrier can also be
importapt at this mesh.

For further information on.the derivation of the f;;, equations, see Annex D. Note in particular that so gs to
simplify the procedures fof the evaluation of K}, ; by Method C, equivalent mesh misalignment due to efastic
deflections [s assumed({to follow a straight line and that a correction constant (1,33) is introducgd to
compensatel With incréasing curvature of the elastic deformation line, as occurs when gear pairs are hgavily

loaded or pinion face width to diameter ratios are large, or both, the assumptions may lead to incregsing
differences tetween calculated and actual distributions of the load; thus the accuracy of the calculated %Hﬂ-c
becomes wi i i i -

The face load factor Ky, is calculated from the mean load intensity accross the face (F,/b), the mesh
stiffness (c,4), and an effgctive total mesh misalignment (F 4,). One of two equations is used Equation (39) or
(41), depending upon whether the contact is calculated to extend across the full face width (see Figures 7
and 8).

Throughout this clause, in the case of double helical gears (b = 2bg), and the smaller of the values for pinion
or wheel shall be substituted for 5 or bg — this being the width at the tooth roots excluding tooth end
chamfering or rounding.
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Fgs,c
a) bgy /b < 1 corresponding to M>1:
2F, b
2Fg, cyB
By “v
Mo =\"F 75 7
m (39)
2F,1b
beallb = S m° 7
\ Fpycys (40)
Fg, c
b) ey /b > 1 corresponding to LY 7 1.
2F,1b
By “vp
KH =1+
& 2 F /b 1)
F. /b
bgg !b=05+—"——
Fpy cyp (42)
The palue of effective misalignment to be used is obtained by cembining two elements:
a) [he effect of manufacturing error (of all relevant components) is included through f,,, in accprdance with
7.5.3;
b) [he effect of elastic deflections of the pinion and-pinion-shaft are included through f, as in 7.5.2.4 to form
BN initial equivalent misalignment Fpy which is'then reduced by a running-in allowance to form Fpy.-
The |way in which the two elements arec¢ombined depends upon the helix modification (crdwning, helix
corrgction, end relief, or none) applied to the mesh (see 7.5.2.3).
7.5.1 Effective equivalent misalignment Fpy,
The following equation can be'used for common transmission designs:
Fpy = Fpx =V p Thpxap (43)
where
o is—the initial equivalent misalignment, i.e. the absolute value of the sum of deformations,
displacements and manufacturing deviations of pinion and wheel, measured in the plane of action,
and which can be determined in accordance with Method C (see 7.5.2.3).

7.5.2 Running-in allowance Vg and running-in factor 7

Vg is the amount by which the initial equivalent misalignment is reduced by running-in since operation was
commenced. y; is the factor characterizing the equivalent misalignment after running-in. It is convenient to
use yg in calculations, but only as long as Vg is proportional to Fpy- The important influences include

pinion and wheel material,

— surface hardness,

rotational speed at the reference circle,
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— type of

— surface

lubricant,

treatment,

— abrasive in the oil, and

— initial equivalent misalignment Fj (as a result of deformations, displacements and manufacturing
deviations).

Vg and y, do not take into account the effects of running-in operations obtained by manufacturing processes
such as lapping. Removal of material by such means shall be taken into account in the value of 1.

In the abse

determined

n accordance with Method B given in 7.5.2.1 or 7.5.2.2.

7.5.21 Dptermination of Vg and 2p by calculation

The values

abbreviationg used).

hce of direct, assured data from experiment or operating experience (Method A), Vg ca

from Equations (44) to (51) reproduce the curves in Figures 10 and ‘41 (see Table !

n be

p for

(44)

(49)

(46)

(47)

a) For St, Bt (cast), V, V(cast), GGG (perl., bai.), GTS (perl.):
320
yp|= E
’ OHlim P
2d=1- 320
A OH lim
where )| < Fp, and y5 > 0 and where
forp < 5m/s there is no restriction;
forbm/s <v <10 m/s the upper limit of y 5 is 25 600/ o}y jj,, corresponding to £, = 80 um;
forp>10 m/s the upper limit of y 5 is 12 800/o}, ji,, corresponding to F g, = 40 um;
OH km is as specified in ISO 6336-5.
b) For GG,|GGG (ferr.):
yﬁ = 0,55 FﬁX
x5 =0:45
where
forv<5m/s there is no restriction;
for5m/s<v<10m/s the upper limit ofyﬁ is 45 ym, corresponding to Fpy = 80 um;
forv>10 m/s the upper limit ofy/, is 22 um, corresponding to Fﬁx =40 um;
for Eh, IF, NT (nitr.), NV (nitr.), NV (nitrocar.)

48

yﬁ :0,15 FﬂX

(48)
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where for all velocities, the upper limit ofy/, is 6 um, corresponding to Fpy = 40 ym.

When the material of the pinion d|ffers from that of the wheel, the values for the pinion (y B1 and Zm) and the
values for the wheel (y4, and y4,) are to be determined separately. Then, the average values of each (y; and
Zﬂ) from Equations (50) and (5 fzare used for the calculations:

_ VB +Yp2
2 (50)
Xp1tXp2
(A (51)

7.5.2.2  Graphical values of y,;

The palue y, can be read from Figures 10 and 11 as a function of the initial. equivalent misalignment Fpx and
the vialue of o j;,, for the material (see Table 2 for abbreviations used).
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YA
50
40
<32
- . <272
20 <21
<16
O Hijim = 400 N/mm? <13
10 <11
600
800
1000
1200
<6
5 /
/| /
? /‘/// / /
LA / 7 .
3 5 10 20 40 50 100 X
Key
X initial equivalent misalignment, Fﬁx' pm

Y running-ir allowance,yﬂ, pm

St, St (cast), V, GGG (perl., bai.), GTS (perl.)

} rotational velocity v > 10 m/s
—_— GG, GGG (ferr.)

_——— Eh, IF, NT (nitr.), NV (nitr.), NV (nitrocar.) } all speeds

If the materials of the pinion and the wheel are different, v shall be determined in accordance with Equation (50).

Figure 10 — Running-in allowance for gear pair (see also Figure 11)
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YA
200
/ ‘/// > 1
100 7
V%
'I
y/. /
O im = 400 N/mm? 7, 7 <64
50 ! Y ,'}// //
600 4 Z HV <45
40 57, 7 K43 L b
30 800 y //A W // <32
ro00_y” | >< /| A <26
<21
20 1200 \,4 /,; ,
/ . >/<4
/ A / /
10 / 7 / 7
/ /
% / /
v,
5 ¢4 / ,//
4 /
Wz
3 HA V4
¢%
/
? X
8 910 15 20 30 40 5060 80 100 150 250
Key
X initial equivalent misalignment, Fﬁx’ gm
Y rpnningsin allowance, Vg UM
1 dircumferential speed at reference circle v < 5 m/s

2 circumferential speed at reference circle 5 m/s <v < 10 m/s

St, St (cast), V, GGG (perl., bai.), GTS (perl.)

i GG, GGG (ferr.) } rotational speed v < 10 m/s

If the materials of the pinion and the wheel are different, v shall be determined in accordance with Equation (50).

Figure 11 — Running-in allowance for a gear pair (see also Figure 10)
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7.5.2.3 Determination of initial equivalent misalignment, Fpy (see Annex D)

The value F,, is the absolute value of the sum of manufacturing deviations and pinion and shaft deflections,
measured in the plane of action [see Caution in b)].

Of the components of deformations, displacement and deviation, only those in the plane of action are
determinant for the calculation of Fpy

a) Gear pairs of which the size and suitability of the contact pattern are not proven and the bearing pattern
under load is imperfect 7):

See Anjex D for an explanation of the factor 1,33 in Equation (52).
Fﬁ(:1’3331fsh+32fma;Fﬂx >Fﬂxmin (52)
with B4 pnd B, taken from Table 8.

Allowance should be made in f,,, for the effects of adjustment measures (lapping,.running-in at part lpad),
crowning or end-relief, or similarly, for that of the position of the contact pattern.

b) Gear pairs with verification of the favourable position of the contact patterp*(e.g. by modification df the
teeth or|adjustment of bearings) 7): 8)

-

=1.33 By fsh = fHps|s Fpx = F pxmin (53)

with B4 faken from Table 8.

Table 8 — Constants for use inEquations (52) and (53)

No. Helix modification Equation constapts
Type Amount B By
1 Norre — 1 1
2 Ceritral crowning only Cy=0,5 fma ® 1 0,4
3 Cellltral crowning only Cp=0,5 (fma +fsh) @ 0,5 0.4
4b Helfx correction only ::arlr)?;:;d shape calculated to match torque being 0.1¢ 1.4
5 CH:’I A);nci:rc])grection pluscentral Case 2 plus case 4 0,1°¢ 0.4
6 Enq relief: appropriate amount C|(||)d 0,7 0,7

Appropriafe(crowning, Cp, see Annex D.

Predominantly applied for applications with constant load conditions.

Valid for very best practice of manufacturing, otherwise higher values appropriate.

See Annex E.

7) Running clearances in rolling bearings should be very small under working conditions. Large clearances can
contribute considerably to equivalent misalignment Fg. When this is the case, a more accurate calculation using
Equation (54), or a contact pattern check under load is recommended.

8) With a favourable position of the contact pattern, the elastic deformations and the manufacturing deviations
compensate each other. See Figure 12 (compensatory).
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A check shall be made to ascertain which of the helices of double-helical gears has the larger equivalent
misalignment and, consequently, is determinate for Ky

By subtracting THps which is the helix slope deviation tolerance for ISO quality 5 (see ISO 1328-1:1995),
allowance is made for the compensatory roles of elastic deformation and manufacturing deviations. See
Annex D for explanatory notes to Equation (53).

Subject to achieving the requisite contact patterns, Fp can be calculated using Equation (53) for gears
which have been processed by lapping, running-in at part load or other adjustment means, as well as for
gears with carefully designed crowning or end-relief. For crowned gears, the contact pattern centre shall
be suitably offset from the mid-face position. Concerning double helical gears, it is necessary to ascertain
vhether thetesserdeformed-hetix of the pimomhasthefargest vatue of Ly

CAUTION — When, apart from pinion body and pinion shaft deformations f,, those of the
wheel/wheel shaft f,;, and the gear case f_,, and also the displacements of the bearings f,, are to
be taken into consideration, Equations (52) and (53) are to be extended to-become Efjuation (54)
see also 7.5.4 and 7.5.5):

Fﬂx:1’33B1fsh+fsh2+fma+fca+fbe;fm>fHﬂ5 (54)

The signs of f¢y,», foq @nd f,¢ shall be carefully heeded; if precise infotmation is not available, it is essential
hat positive signs are chosen (so that calculated values tend te’be safe). Only the bending|deflection, if
any, of the wheel shaft, is likely to be of consequence to f,5; previously this amount was faken as the
wheel shaft misalignment component of f,,. Nevertheless,\in general the approximations according to
Fquations (52) and (53) are satisfactory.

The following influences shall be heeded, as a rule;\the elastic deformations of “relatively flexible” spur
gears tend to compensate for manufacturing misalignment. On the other hand, because|of the axial
component of F, in single-helical gears, additional misalignment can be induced.

Special measures can be taken to securé_even distribution of load over the face width. These include
set-up bearings, lapping the gears, or funning-in the gears as a specified process, in service|By way of a
further example, a spur gear or asdouble-helical gear can be mounted directly on a spherical roller
bearing and so be free to take up an/attitude of mean, balanced alignment.

Uneven distribution of the sbody temperature of a large high speed gear can cause defofmation near
Mmid-face width resulting in heavy local loading. Either allowance for this deformation shall b¢ included in
K13 Or it shall be compensated for by suitable helix modification.

Similar measures(shall be taken when deformation is induced by a large centrifugal force.

Furthermore, the body temperature of a high speed helical pinion is usually higher than that ¢f the mating
Wwheel. This\creates additional misalignment which shall be accounted for in the calculations.

c) For.gears having ideal contact pattern, full helix modification, under load (for both helices of dpuble helical
péars):

Fﬂx:Fﬂxmin (99)

where F, in is the greater of the two values:

F,
Fgxmin = (0,005 mm~pm/N)Tm, or Fgymin=0,5 fhp (56)
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Helix modification is intended to compensate for the torsion and bending deflections of the pinion and
wheel, also the deformations or displacements of other components under operating loads and, if known,
the tooth alignment deviation of the mating wheel 9).

F 4, would be equal to 0 at the design loading of gear pairs having optimum helix modification, i.e. the
face load factor Ky 5 would be equal to 1. However, in the interest of safety, the minimum value in

accorda

nce with Equations (55) and (56) is to be used as the equivalent misalignment.

Similarly, Equation (53) can be used in designing suitable crowning.

See 7.5.2.4 for the determination of £, the equivalent misalignment due to pinion and pinion shaft

deflecti
See 7.5
misalign

For sor
Figure 1
analysig
7524 E

The value f
twisting of th

7.5.2.41

The followin
based on th
point of the
calculated fqg
smaller dian
assumptions
ratio of the 1
constant em|
equations, is

For both spU

F|
Ssh =

with B* equg

See 7.2.1 fof

NS SEE 7-5.3 for the getermination of mestmisatigmment due to manufacturing deviations
.2 for the determination of the running-in allowance Vg i.e. the amount by which the equiiy
ment is reduced.

ne common arrangements of gear pairs, guidance on the calculation of Fg /s  include
3 a) to e), in which particular regard is paid to the contact pattern position/’/A-comprehe
is recommended for other, more complex, arrangements.

fuivalent misalignment, f,

L, takes into account the components of equivalent misalignment resulting from bending
e pinion and pinion shaft, and its value may be determined as{ollows.

Approximate calculation of g,

j calculation is sufficiently accurate for many comiion designs. The Equations (57) and (58
e following conventions. The bending component is the product of the deflection at the m
shaft, by point b, where the load F,, is assumed to be acting. The torsional componeg
r a solid cylinder of diameter d,, with the load distributed evenly over the face width. In real

tend to balance each other out. The-equation is valid when the elastic modulus and Pois
haterial are those of steel. Based pn.practical experience, Equations (57) and (58) also inclU

pirical term. Concerning hollow shafts, the deflection component f;,, derived from either of {
sufficiently accurate, provided'that the bore diameter does not exceed 0,5 dg,.

T

| to 1 ifithetotal power is transmitted through a single engagement.

r and single helical gears;

oLl
a3

dy

£

b

4
j -0,3(+0,3 [
d

M 0,023(| B" +.K’

sh

1

Fo/b.

m

fma'
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d in
nsive

and

) are
iddle
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ty, a

neter is determinant; also, the load is net‘evenly distributed; however, the inaccuracies in the

50N's
de a
hese

(57)

For double helical gears:

4 2
fsh:F—m0,046 B*+K'l—;[ d1] ~0,3/+0,3 [b—Bj
b di \dsn dq

(58)

9) Helix angle modification is an alteration of the helix angle, a consequence of which the axial pitch is also modified.
The latter concept is useful when dealing with gears having large overlap ratios and consideration of axial pitch is often

necessary.
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with B* equal to 1,5, if the total power is transferred by a single engagement.

See 7.2.1 for F,/b.

If there is more than one power path, then only & % of input is through one gear mesh (e.g. as in the case of
grooved-roller mill gears) and the following applies:

B

B

*=1+2(100 - k)k for spur and single helical gears;

*=0,5+ (200 - k)/k for double helical gears.

The
from

A co
speg

Subsg
com

7.5.2

This
indu
Crow
Crow

If the
face

valugs of Chio) calculated in accordance with Equation (B.1) or (B.2). It is to be assumed that th

outs

7.5.2

This
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reco

If the
width
Ciany

constant, K’, makes allowances for the position of the pinion in relation to the torqued end. At
Figure 13.

mprehensive analysis is recommended for other arrangements or where the values_for s/l €
ified in Figure 13, and also where there are additional shaft loads, e.g. from belt pulleys or ch

pensation of fgy, by /.-

.4.2 Face width to be used in Equations (57) and (58) for crowned spur and helical g

ced deformations of the gears, and in particular to relieve the tooth-endloading. Gears
ned symmetrically about the mid-face width. See Annex D for recommendations on th
ning.

height of the crowning is greater than that specified in Annex B, the reduced width b, is tg
width b in formulae used for calculating load capacity (see Annex B, Figure B.1). This is detd

de b(b) are not bearing any load.

4.3 Face width to be used in Equations (57) and (58) for spur and helical gears with
type of helix modification is used to protect the tooth ends from the overloading caused
lignment. Usually, the relief applied is the same at both ends of the teeth. See An
mmendation, on the amount of end relief.

amount of end relief“is greater than is specified in Annex B, a reduced width 5 b) shall repl

b in formulagrused for calculating load capacity (see Figure B.2). This is degermined frd
b) calculated4n-accordance with Equations (B.3) or (B.4). It is to be assumed that the tooth
re not bearing any load.

can be taken

xceed those
hin wheels.

titute the absolute value f,, in Equations (52) and (53). See Figure 12 and7:5.2.3 for information on the

pars

type of helix modification is employed in order to compensate for manufacturing deviations and load-
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e extent of
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Figure Position of contact pattern Determination of /g,
a) Contact pattern lies towards mid bearing span Fgy in accordance with Equation (53)
(compensatory)
T*
F—L ™
>
b) Contact pattern lies away from mid bearing span F gy in accordance with Equation(p2)
(additive)
T*
F—L ™
—t=———
c) Contact pattern lies towards mid bearing span Fp, in accordance with Equation (p2)
|K'|-1-s1d? (dy/dgn)* < B’
L1 L
J_ - (additive)
T T Fpy in accordance with Equation (p3)
/ ™ |K|-1-s1d? (dq/1dgy)* > B
B — (compensatory)
d) Contact pattern lies away from mid bearing span Fpy in accordance with Equation (p2)
|K'|-1-s1d} (dy/dgn)*> B -0,3
T*
‘J" I ‘J-' - (additive)
T T Fpy in accordance with Equation (p3)
‘S |K'|-1-s1df (dy1dgn)* <B™-0,3
R 5 —— (compensatory)
e) Contactpattern lies towards the bearing Fpy in accordance with Equation (p2)
J_. J_. (additive)
—|——1—
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L L

Contact pattern lies away from the bearing

T T

|
1
—

———

F g in accordance with Equation (53)
(compensatory)

a) to d) are the most common mounting arrangements with pinion between bearings.

e) to f) have overhung pinions.

T ingut or output torqued end, not dependent on direction of rotation.

B* ig

equal to 1 for spur and single helical gears and is equal to 1,5 for double helical gears. The ‘peak [oad intensity
occyrs on the helix near the torqued end. See also 7.5.2.4.

Figure 12 — Rules for determination of Fpx with regard to contact pattern positio

-
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Factor K’ Figure Arrangement
with without
stiffening @
0,48 0,8 a) with s/1 < 0,3
<l s -
T* [ TT [
- m m
B /2 | /2 _
-0,48 -0,8 b) with s/l £ 0,3
- s -
Lrr | e
J_ -
/2 /2
1,33 1,33 c) with s/l £ 0,3
r- i L 7
— |
{ s
-0,36 -0,6 d) with s/l ¥ 0,3
<l s -
/2
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-0,6 -1,0 e) with s/ < 0,3

A
 J

1|

——
——

/2

A

Py
o

a8  When d4/dg, = 1,15, stiffening is assumed; when d4/dg;, < 1,15, there is no stiffening; furthermore, seardely any or no
stiffgning at all is to be expected when a pinion slides on a shaft and feather key or a similar fitting\nor when normally
shrink fitted.

T* |is the input or output torqued end, not dependent on direction of rotation.
Dashed line indicates the less deformed helix of a double helical gear.

Detdrmine fy, from the diameter in the gaps of double helical gearing mounted centrally between bearings.

Figure 13 — Constant X' for the calculation of the pinion offset factor y

7.5.3.4.4 Specified maximum value for /g,
Somgtimes experience with similar gear units enables the choice of an appropriate value of g, to be made.

EXAMPLE 1 Jsn = 0 um in the case of a very rigid design; deformations are neglected.

EXAMPLE 2 Jsn = 6 Um is occasionally specified as amaximum value for some turbine transmissions; the gears are to
be dgsigned accordingly.

Wheh calculations are based on such assumptions, the assumptions shall be validated by computations or
measurements.

7.5.2.4.5 Value f, corresponding to gear quality

For gertain gears, the value, Of f;, is specified as a percentage of the allowable helix slope dgviation. The
gearp are to be designed-accordingly.

fsh =10/Hp (59)
As fqr 7.5.2.4¢4,)assumptions shall be validated by computations or measurements.

7.5.3 _Mesh misalignment, /.

Jma is the maximum separation between the tooth flanks of the meshing teeth of mating gears, when the teeth
are held in contact without significant load, the shaft journals being in their working attitudes.

Jma depends on the way in which the deviations of individual components in the plane of action combine, i.e.
whether the helix slope deviation fi,; of each gear and the alignment deviation of the shafts are additive or
compensatory, or whether the alignment of the shafts is adjustable (e.g. by means of adjustable bearings).

For purposes of load capacity calculations in accordance with this part of ISO 6336, the methods given in
7.5.3.1t0 7.5.3.6 can be used for the determination of f, ..

It is recommended that the values used for f,, be verified by checking the contact pattern in the working
attitude.
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7.5.3.1
This is to be

The maximu

fma max

:2006(E)

Derivation of /., from deviations of individual components

done after inspection and measurement of gears, bearings and the gear-case.

m mesh misalignment involves the most unfavourable combination of individual deviations:

(‘fpar act T /Hp1 act T Hp2 act‘)

max

The minimum mesh misalignment from the most favorable combination:

(60)

fma min

where fi;41 4
with 1ISO 133

The combin

:(|fpar act * /Hp 1act +fHﬂ2aCt|)

min

ct and £ acr are the measured values of helix slope deviation of pinion and wheel (in accord
8-1). The values can vary in size and direction around the circumference.

ed effect of the helix slope deviation of pinion and wheel, i.e. Zfi ;= (fygicact +/Hp2 act) 3

determined as follows.

The pinion 4
pairs and th
contact over

Jpar act 18 the
shafts. In th

shall be take
A mean valy

In this proce

7532 S
Sometimes

EXAMPLE 1
manufacturing

EXAMPLE 2
A mean valy
7533 fy

For assemb

nd wheel, assembled on their shafts, are mounted on roller blockswhich are aligned in pa
b contact patterns are generated. By moving one of the blocks,/the’tooth flanks are brough
the entire face width. The 2/, ; can then be derived from the non-parallelism of the blocks.
measured value of shaft misalignment, due to in-plane and out-of-plane deviations of either g
e event of radial run-out of one or more journals, /o, 5c'Can vary with the angle of rotation.
n with the sign of each individual deviation.

e derived from Equation (A.7) is to be used in gear load capacity calculations.

dure, the influence of bearing clearances.is neglected.

pecified maximum value of /.
bermissible limits for the total manufacturing deviation f;,,19) are specified.

Jma max = 0 UM is sometimes demanded for accurate high speed transmissions; due to high precis
, deviations can be negletted.

Jmamax = 19 UM(can be a realistic value for certain industrial transmissions.

e derived from Equation (A.6) is to be used in gear load capacity calculations.

o fora.given accuracy

(61)

ance

n be

rallel
into

f the
Care

on of

ed in

v of gears without any modification or adjustment. Inspection after assembly is recommend

this case. See also 7.5.3.

If, according to 1ISO 1328-1, for a given gear quality grade helix slope deviation tolerances are given as me

and fp

most unfavorable combination of deviations (pinion, wheel, case) would be

b
Jma =fHp1+ THp2 +fz/37

10) Appropriate control measures should be adopted to ensure that this value is maintained.

60

for pinion and wheel respectively, and if the alignment-of-axes tolerances is given as faﬂ, then the

(62)
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Experience has shown that, within many manufacturing environments, aggregate misalignments are close to
this value with sufficient frequency for it to be advisable for it to be used in the calculation. However, the
distribution of a dimension within its tolerance band is influenced very much by the quality control regime, and
in other circumstances the statistical effects mean that a lower aggregate value is appropriate. For example, if
controls are in place to ensure that most gears are well within tolerance, with only a small percentage actually
near the limit, and to ensure that helix variation within any single gear is negligible, then statistical studies

show that in only about 10 % of cases will the deviations combine to exceed a total value of 1,0 fi 5.

.fma:1!OfHﬂ2

(63)

In most circumstances, the appropriate value to be used lies between these two extremes, and a useful

form

The

Lilation for use in cases of an average quality control regime is

/ma :\’fl-%/ﬂ +fl—%ﬁ2

selection of an appropriate value rests with the user of ISO 6336, but if the choséen value is |6

given by Equation (64), then the user shall be able to justify that selection.

a)

7.5.3

After
case
circu

For
follo
is cl
the

thick

For gear pairs with provision for adjustment (lapping or running-in under’light load, adjustable
bppropriate helix angle modification) and gear pairs suitably crowried, the no-load mesh 1
Can, to a great extent, be compensated for by means of adjustment measures such as r
bearings, bearing housings, etc. Satisfactory contact over_the ‘face width of the gears g
hchieved by these methods and by means of the other measures mentioned above. See
puide values for crowning.

f data from experience are not available, it canbe~“assumed that properly effected adj
reduce the value of f,, by 50 %; this is taken into_account by the Factor B, in Equation (52).

FFor gear pairs with well designed end-relief, in the absence of data from experience and subj
execution, this is taken into account by théfactor B, in Equation (52). See Annex B for guig
end relief.

4  Determination of /., with. gears assembled in gear-case

assembly in the gear-case] itymay be possible to measure mesh misalignment directly with t
removed. Values of f}2) max @nd fna min are determined from measurements made

mference, using feeler gauges; f,,,, is then derived from Equation (A.7).

vide gears without)helix modification mounted in journal bearings with relatively large cle
ving procedure may be used. The shaft journals are supported in their working attitudes. The|
mped to prevent rotation. Bring the working faces into light contact, then insert feeler gau
aces at.both ends of the mesh. The mesh misalignment f,, is equal to the difference

hesses ofthe gauges:

(64)

bss than that

bearings or
nisalignment
e-working of
an often be
Annex B for

stments will

ect to skilled
e values for

he top of the
around the

arances, the
mating gear
jes between
between the

(b]

=)

(65)

where & is the difference in the feeler gauge indications, b is the face width and / is the distance between the
feeler gauges. When the helices of gears are modified, the amount is included in the difference &,, which can

also

be determined as the difference in thickness of two lead wires which have been inserted

flanks, where they are subjected to light load.

7.5.4 Component of mesh misalignment caused by case deformation, 1,

g,etween the

Case deformation may be ignored when the gears are assembled in rigid cases. The deflections of other

case

S f.g May be determined by testing or, approximately, by using the finite element method.
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7.5.5 Component of mesh misalignment caused by shaft displacement, /.

In some cases the effects of bearing clearances and bearing deflections are greater than those of shaft and

wheel blank

deflections.

The components of misalignment in the plane of action as a result of bearing deflections, and journal
displacements in bearings clearances, can usually be neglected when the pinion and wheel of spur or double
helical gears are positioned midway between bearings of equal stiffness and clearance.

When gears are not positioned in this way, bearing deflections and displacements (clearances) can influence
the distribution of load over the face width. This is also valid for single helical or overhung gears.

Since only tll\e relative misalignments due to bearing deflections and displacements of the common axis-a

pinion bearir
of the misali
simplest arra

gs fpe-1 @nd that of the wheel f,,. , influence the equivalent misalignment, the directions.and
gnments of bearings axes are to be given careful attention. The following equation,is valid fg
ngement of a mating pair, with each gear alone on a shaft with two bearings:

f the
5igns
r the

Joe = fbe1+ foe2 OF Jbe =fbet — foe2 (66)
For a gear mounted between the bearings, see Figure 14:
b
fbe =7(51 -92) (67)
For an overijung gear, see Figure 15:
b
Jbe =7 (61 +62) (68)
where &, anfl 6, are the deflections of bearing 1 and bearing 2 parallel to the plane of action.
The effect of the tilting moment, due to the axiahcomponent of the tooth load, of single helical gears, shall be
taken into agcount.
Fbe Fm Fbe
Y Y N ON N 'y
N m r————1 m
S -
b S -
Y . - L S
T v
<l / -
Figure 14 — Loading and deflections for gear Figure 15 — Loading and deflections for
mounted between the bearings [see Equation (67)] overhung gear [see Equation (68)]
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7.6 Determination of face load factor for tooth root stress using Method B or C: K4

K g takes into account the effect of the load distribution over the face width on the stresses at the tooth root. It
depends on the variables which are determined for Kyp and also on the face width to tooth depth ratio, b/A.

Determination by calculation:
N

(b/h)? 1
NF= 2 2
1+b/h+(b/h)Y A1+hlb+(h/b)

(70)

The pmaller of the values b4/hq, bylh, is to be used as b/h. Boundary condition: when h/h <3, supstitute 3 for
blh. For double helical gears, by is to be used instead of 5.

8 [Transverse load factors K, and Kf,

8.1 | Transverse load distribution
The fransverse load factors, K}, for surface stress and K, for tedth root stress, account for the|effect of the
non-pniform distribution of transverse load between several pairs. of simultaneously contacting dear teeth as
folloys.
The fransverse load factors are defined as the ratio of the maximum tooth load occurring in the mgsh of a gear
pair fat near zero min~"! to the corresponding maximum tooth load of a similar gear pair whichl|is free from
inacg¢uracies. The main influences are
a) peflections under load,

b) profile modifications,

c) tooth manufacturing accuracy;.and

d) running-in effects.

8.2 | Determinationmethods for transverse load factors — Principles and assumptions

Sevagral methods forthe determination of transverse load factors in accordance with the specificatjons given in
4.1.12 are listed, below.

With| optimum profile modification appropriate to loading, high manufacture accuracy, even load distribution
over|the.face width and a high specific loading level, the transverse load factor approaches unity.

8.21 Method A — Factors K, and Kg o

As stated in 6.4.1, the maximum tooth loads (including the inner dynamic tooth loads and the effect of uneven
distribution of loading) can be determined directly by measurement or by a comprehensive mathematical
analysis. K, and K, are then assumed to be unity (as is K,).

The load distribution, in the tangential direction only, can also be determined by comprehensive analysis of all

influence factors. The division of the total tangential load between simultaneously meshing tooth pairs can be
derived from strain gauge measurements, made at the tooth roots of gears transmitting load at low speeds.
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Information to be stated in the drawing or specification documents is the following:

maximum (permissible) total tooth load, or

maximum (permissible) transverse load factor, or

an accurate analysis.

8.2.2 Meth

od B — Factors K, , g and K¢ g

This method
wheel is the
zone. See 7

8.3 Deter

According to
for all types

can be detefmined by calculation or graphically. The two methods give identical results.

8.3.1 Dete
The calculat

a) values |

L

b) values K

KH

where the fo

Cyrp Me

fbb the|
be
lev

rmination of transverse load factor by calculation 1)

involves the assumption that the average difference between the base pitches of the pinjor]

5.2.3 b) and footnote 7).

mination of transverse load factors using Method B — K, g and Kp,‘g

the conditions and assumptions described in 8.2.2 and footnotes 10 and-41,-Method B is sui
of gearing (spur or helical with any basic rack profile and any accuracy).-Fransverse load fa

ons are as follows:

K, and K, for gears with total contact ratio ¢, < 2

Cya(fpb_ya)

Ke =271009+04
= = ) + ]
@~ "Fa ™7 Flb

L, and Kg, for gears with total contactratio ¢, > 2

lowing are to be detérmined:

5h stiffness inaccordance with Clause 9;

larger ofithe base pitch deviations of pinion or wheel should be used; 50 % of this tolerance
used,\When profile modifications compensate for the deflections of the teeth at the actual

all data (in particular, information relating to the effective difference of base pitch) necessary for making

and

major parameter in determining the distribution of load between several pairs of teeth in.the mesh

table
ctors

may
load

b112)

Yo fUn

Fyy det

ning-in allowance as specified in 8.3.5;

erminant tangential load in a transverse plane, Fy, = Fy Kp K, Ky

11) Equations (71) and (72) are based on the assumption that the base pitch deviations appropriate to the gear accuracy
specified are distributed around the circumference of the pinion and wheel as is consistent with normal manufacturing
practice. They do not apply when the gear teeth have some intentional deviation.

12) The base pitch deviation £, accounts for the total effect of all gear tooth deviations which affect the transverse load
factor. If, nevertheless, the profile form deviation f;, is greater than the base pitch deviation, the profile form deviation is to
be taken instead of the base pitch deviation.

64
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Key

X :c;/a(fpbfya)
¢ Fyylb

Y1 KFa" KHa

Y2 E

4

8.3.31 Transverse load factors from graphs

a

8.3.3 Limiting conditions for.K}, ,

Whep, in accordance with- Equation (71) or (72)

then|for K\, -substitute

Figure 16 — Determination of transverse\load factors X}, , and K-, by Method B

Y14 LY2

853 2

2 7/

/ 1,7
1,5

" v, A
// 1,3
1,1
1 iy _
0 1 2 3 X

and K, can be read from Figure. 16; the curves are consistent with Equations (71) and (72).

&y
2’
80{ ZE

and when Ky, < 1,0, then for K}, , substitute as the limit value 1,0,

(see 8.3.3 and 8.3.4for limiting conditions)

See 8.3.4.

8.3.4 Limiting conditions for K,

When, in accordance with Equation (71) or (72)

Kr

then for K, substitute

&y

[24 T
0,25¢, +0,75

&y

0,25¢, +0,75

© I1SO 2006 — All rights reserved
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(74)
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With limiting values in accordance with Equations (71) and (72), the least favourable distribution of load is
assumed, implying that the entire tangential load is transferred by only one pair of mating teeth. Furthermore,
it is recommended that the accuracy of helical gears be so chosen that Ky, and Kg, are not greater than ¢,.
As a consequence, it may be necessary to limit the base pitch deviation tolerances of gears of coarse
accuracy grade.

8.3.5 Running-in allowance y,

The value y,, is the amount by which the initial base pitch deviation is reduced by running-in from the start of
operation. See 7.5.2 for the main influences. y, does not account for an allowance due to any extent of
running-in as a controlled measure, being part of the production process, e.g. lapping. This adjustment is to be
taken into cqnsideration when considering the gear accuracy.

v, Mmay be determined in accordance with 8.3.5.1 or 8.3.5.2 (Method B) where direct, verified cvalues |from
experimentation or experience are lacking (Method A).

The value fgr the base pitch deviation f,,, determined in accordance with 8.3.1 or 6.4.3 sheuld be used in(both
methods. THe equations and graphs should also be applied analogously for the profile farm-deviation f ..

8.3.5.1 Determination by calculation

The runningtin allowance y, may be calculated using Equations (75) to (78). These are consistent with the
curves in Figures 17 and 18 (see Table 2 for abbreviations used).

a) For St, Bt(cast), V, V(cast), GGG(perl., bai.) and GTS(perl.):

160
Yo|fF——— (75)
OHiim fpb
where
forp <5m/s there is no restriction;

forbm/s <v<10m/s  the upper.limit of y, is 12 800/ oy jj, corresponding to /i, = 80 um;
forp > 10 m/s the upper limit of y, is 6400/ ,, corresponding to f,y, = 40 um;

b) For GGland GGG(ferr.):

Val=0,275 fy (76)
where
forp <5m/s there is no restriction;

for5m/s<v<10m/s  the upper limit of y  is 22 ym corresponding to fop = 80 ym;
forv>10m/s the upper limit of y, is 11 um corresponding to fop = 40 pm;

c) ForEh, IF, NT(nitr.), NV(nitr.) and NV(nitrocar.): for all velocities but with the restriction that the upper limit
of y, is 3 um corresponding to f;, = 40 ym

Vo =0,075 fop (77)

66 © IS0 2006 — All rights reserved


https://standardsiso.com/api/?name=c7003e07edd7e49298c9ec4d5da296b2

ISO 6336-1:2006(E)

When the materials differ, y 4 should be determined for the pinion material and y , for the wheel. The average
value is used for the calculation:

V4t

a:tﬂ—yﬂ (78)
2

8.3.5.2  Graphical values

v, may be read from Figures 17 and 18 as a function of the base pitch deviation fpb and the material value
oH Iim (see Table 2 for abbreviations used).
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YA

20

<M
<10,5

/ <6,5
OHiim = 500 N/mm? ) <55

5 / 2/
a4
/ 800
// 1000, <3
: y /// //
/ S
1/7/ / ,//
e/ 7
/ / 2
054 // _
3 5 10 20 40 50 100 X

Key
X base pitch deviation,fpb, um

Y running-in_allewance, y_, um
St, St (cast), V, GGG (perl., bai.), GTS (perl.)
—_—— GG, GGG (ferr.)

} tangential velocity v > 10 m/s

—_—— — Eh, IF, NT (nitr.), NV (nitr.), NV (nitrocar.) } all tangential speeds
This graph is derived from Figure 10. If the materials of the pinion and the wheel are different, y , shall be determined in

accordance with Equation (78).

Figure 17 — Determination of running-in allowance y , of gear pair (see also Figure 18)
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YA
100
/ > 1
) A/
/ y i
/ ,/ // <3
05 // ///,//
20 & Hiim = 500 N/mm? + / =2 b
.5 600 y // 77 <16
/| JoA <13
10 /// =100
1000 //
1200>< /
° // /
/ /'//
25 [ /| //
NN
15 d ’//
) //
;/
1 =
8'910 15 20 30 40 5060 80 100 150 050 X
hHase’pitch deviation f,,b um

running-in allowance, y,, ym

circumferential speed at reference circle v < 5 m/s
circumferential speed at reference circle 5 <v < 10 m/s

St, St (cast), V, GGG (perl., bai.), GTS (perl.)
GG, GGG (ferr.)

} tangential velocity v < 10 m/s

This graph is derived from Figure 11. If the materials of the pinion and the wheel are different, y , shall be determined in
accordance with Equation (78).

Figure 18 — Determination of running-in allowance y , of gear pair (see also Figure 17)
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9 Tooth stiffness parameters ¢’ and ¢,

9.1 Stiffness influences

A tooth stiffness parameter represents the requisite load over 1 mm face width, directed along the line of
action 13) to produce, in line with the load, the deformation amounting to 1 ym of one or more pairs of
deviation-free teeth in contact. This deformation is equal to the base circle length of arc, corresponding to the
load-induced rotation angle of one gear of the pair when the mating gear is held fast.

Smgle stlffness c,is the maX|mum stlffness of a single pair of spur gear teeth It is approxmately equal to the
14)

Mesh stiffngss, c,, is the mean value of stiffness of all the teeth in a mesh. For the determination of the
dynamic factor K|, and transverse load factors K, and K, the tangent of the load-deflection.curve gt the
pertinent logd is used for evaluation of ¢, (see 9.3.2.1). For the determination of the face loadfactors K} and
K g, the slope of a line drawn in the load-deflection graph between the original and the perfinent load pdint is
used for evajuation of ¢, (see 9.3.2.2).

The main influences affecting tooth stiffness are

a) tooth data (number of teeth, basic rack profile, addendum modificationy helix angle, transverse coptact
ratio),

b) blank de¢sign (rim thickness, web thickness),
c) specificlload normal to the tooth flank,

d) shaft-hyb connection,

e) roughngss and waviness of the tooth surface,
f)  mesh nisalignment of the gear pair, and

g) modulus of elasticity of the materials.

9.2 Determination methods fortooth stiffness parameters — Principles and assumptions

Several methods of determining.tooth stiffness parameters in accordance with the rules given in 4.1.12 are
described in|9.2.1 to 9.2.2. For-Method B, these stiffness values apply for accurate gears; lower values can be
expected forl less accurate/gears.

9.21 Method A —Tooth stiffness parameters ¢’y and c, 5

In this methpd,-the tooth stiffness is determined by comprehensive analysis including all influences. Thig can
be done by hmakingdirect measurements o the gear pair of nterest—Vatues basedomthe theory of efasticity
can be calculated or determined by finite element methods.

13) The tooth deflection can be determined approximately using Fi (Fy, Fin, ...) instead of Fpi. Conversion from Fy to Fy,
(load tangent to the base cylinder) is covered by the relevant factors, or the modifications resulting from this conversion
can be ignored when compared with other uncertainties (e.g. tolerances on the measured values).

14) ¢ at the outer limit of single pair tooth contact can be assumed to approximate the maximum value of single stiffness
when ¢,> 1,2.
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9.2.2 Method B — Tooth stiffness parameters ¢'g and ¢, g

This

method is based on studies of the elastic behaviour of solid disc spur gears.

With the help of a series expansion, a sample expression was derived for cylindrical gears conjugate to a
standard basic rack profile according to ISO 53; see Note in 9.3.1.1. This was based on an assumed specific
loading of Fi/b = 300 N/mm. Using this method, theoretical single stiffnesses, ¢y, are obtained.

Differences between these theoretical results and the results of measurements are adjusted by means of a
correction factor, Cy,, and extension section to adjust for low specific loading.

Addi

appl
(fact

10nal correction Tactors, daetermined Dy measurement and theoretical means, allow this
ed to gears consisting of rims and webs (factor Cr), similar to gears conjugate to other basic
br Cg) and helical gears (factor cos f).

By guperposition of the single stiffness of all tooth pairs simultaneously in contact, .an expres
calcylation of ¢, was developed. Its accuracy was verified by measurement results,

9.3

Subj

Determination of tooth stiffness parameters ¢’ and ¢, according to Method B

ect to the conditions and assumptions described in 9.2.2, ¢’ and ¢;as determined by Meth

gengral, sufficiently accurate for the calculation of the dynamic factor/and face load factors as w|

dete

mination of profile and helix modifications for gears in accordance with the following:
external gears;
bny basic rack profile;

spur and helical gears with § < 45°;

steel/steel gear pairs;
hny design of gear blank;

shaft-hub fitting spreads the-transfer of torque evenly around the circumference (pinion integr
nterference fit or splined fitting);

specific load (F; Kp)b= 100 N/mm.

E The numbersof teeth of virtual spur gears in the normal section can be calculated approximately,
Z1 22
Znq ® and z,, =
" cos® p " cos® p

ethod to be
rack profiles

sion for the

od B are, in
ell as for the

al with shaft,

(79)

MethodB can also be used, either approximately or with further auxiliary factors, for gears in acc

pbrdance with

the following:

internal gears;
materials combination other than steel/steel;
shaft-hub assembly other than under f), e.g. with fitted key;

specific load (F} Kp) / 5 < 100 N/mm.
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Single stiffness, ¢’

For gears having features listed under 9.3 a) to g) the following equation provides acceptable average values:

c'= c'th CM CR CB COSﬁ

9.3.1.1

Theoretical single stiffness, ¢y,

(80)

'y, is appropriate to solid disc gears and to the specified standard basic rack tooth profile. ¢'y, for a helical
gear is the theoretical single stiffness relevant to the appropriate virtual spur gear (see Note in 9.3, above).

(81)

(82)

2 my,

'y, can be [calculated for gear teeth having the basic rack profile specified in the following Note ||Jsing
Equations (1) and (82).
, 1
Cth =
q
where
¢’ is thelminimum value for the flexibility of a pair of teeth (compare with definition of ¢’ in 9.1);
C C C C
q’:C1+—2+—3+C4x1+ x1+C6x2+ 7x2+C8x12+C9x§
Zn1  “Zn2 Zn1 Zn2
See Table 9ffor coefficients C, to Cg.
NOTE Sgries progression in accordance with 9.2.2 for gears with basic rack profile: ap = 20°, hap = mp, hip =1
and ppp =0,2n,. Equations (81) and (82) apply for the range x{Z xo; — 0,5 < xq + x2 < 2,0. Deviations of actual \

from calculatg

d values in range 100 < Ft/ b < 1600 N/mm are between +5 % and —-8%.

Table 9 — Coefficients for Equation (82)

alues

Cy Cy C3 Cy Cs Ce Cy Cg Cy
0,047 23 0,155 51 0,257 91 -0,006 35 | -0,116 54 | —0,00193 | -0,24188 | 0,005 29 0,001|82
9.3.1.2  Cprrection factor,Cyy
Cy accountg for the differénce between the measured values and the theoretical calculated values for [solid
disc gears:
Cy=0,B (83)
9.3.1.3  Gear blank factor, Cy

Cr accounts for the flexibility of gear rims and webs. The following provides mean values of Cg, suitable for
use when the mating gear body is equally stiff or stiffer.

For solid disc gears:

Cr =10

NOTE

the tooth stiffness of a gear of webbed design is not constant over the face width.

72

(84)

The adoption of these average values is permissible considering the other uncertainties. Thus, for instance,
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a)

9.3.1.4 Basic rack factor, Cg

Cg accounts for the deviations of the actual basic rack profile of the gear, from.the standard basi

(see

Wheh the pinion basic rack dedendum is different from that of the_ wheel, the arithmetic mean of (

pair

9.3.1.5 Additional information

The

a)

b)

ISO 6336-1:2006(E)

Determination by calculation: Cg can be calculated using Equation (85). It is consistent w
Figure 19, within —1% to +7%.

In(bg /b
Cr= 1+ #
5 eS R 15 mn)
Boundary conditions: when by / b < 0,2 substitute b5 / b= 0,2

when bg / b > 1,2 substitute b / b= 1,2

when SR / 1l 1 substitute SR [ o, = 1

ith curves in

(85)

Graphical values: Cgr can be read from Figure 19 as a function of gear rim thickness sg:and
hickness b,.

1SO 53).

Cg =[1,0+0,5(1,25 - hp / m,1[1,0-0,02 (20° — app, )]

conjugate to the pinion basic rack and Cg, for a gear pair gonjugate to the basic rack of the w

Cg =0,5(Cgq +Cpy)

following is also relevant:

Helical gearing

The theoretical single stiffness_ of the teeth of virtual spur gears of a helical gear pair is transfq
erm cos/ in Equation (80) from the normal into the transverse theoretical single stiffness ¢’y
bf the helical gears.

nternal gearing

Approximate yalues of the theoretical single stiffnesses of internal gear teeth can also be detg
Fquations (81) and (82), by the substitution of infinity for z,,.

Material combinations

central web

C rack profile

(86)

p1 for a gear
heel is used:

(87)

prmed by the
of the teeth

rmined from

FFor material combinations other than steel with steel, the value of ¢’ can be determined from

the following

equation:

! ! E
¢ =Cgt/st _Es
t

where

o_[2E1E
E1+E2

(EIE,) is equal to 0,74 for steel/grey cast iron, and is equal to 0,59 for grey cast iron/grey
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cast iron.
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d) Shaft and gear assembly

If the pinion or the wheel or both are assembled on the shaft(s) with a fitted key, the single stiffness,
under constant load, varies between maximum and minimum values twice per revolution.

The minimum value is approximately equal to the single stiffness with interference or spline fits.

When one gear of a pair is press fitted onto a shaft with a fitted key, and the mating gear is assembled
with its shaft by means of an interference or splined fitting, the average value of single stiffness is about
5 % greater than the minimum. When both gears of a pair are push fitted onto shafts with fitted keys, the
average single stiffness is about 10 % greater than the minimum.

e) Specifi

At low
when (A

B C’th CM CB CR Ccos ﬂ(

E load (F} Kp / b) < 100 N/mm

t Kp)/b <100 N/mm:

FtKalb
100

]0,25

9.3.2 Mesh stiffness, cy

9.3.21

Cyg IS Used f
Ky, and K¢

Following th
stiffness:

Mesh stiffness, ¢,

pr the calculation of the internal dynamic factor K, see Clause 6, and the transverse load fa
, see Clause 8.

(0,75 £, +0,25)

with ¢’ acconding to Equation (80). The value‘c,, can be up to 10 % less than values from Equation (91)

for spur gea

9.3.2.2

s e, <12

Mesh stiffness, Cyp

¢, is used for the calculation of-the face load factors Ky, and K¢ 5, see Clause 7.

For Cypava

¢yp =0,

ue as followsis used:

B85 )

with ¢,,, accq

specific loading, the single stiffness decreases with reduced load 5. By way of approximation,

(90)

ctors

e methods quoted in 9.2.2 for spur gears with(, > 1,2 and helical gears with § < 30°, the mesh

(91)

vhen

(92)

rding to Equation (91).

15) When (F,

74

K,) ! b>100 N/mm, ¢' can be assumed to be constant.
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Y A
1,05
==
1 é—'—:
///f} ad :
// //
Hp= A A ; /
e
0,95 — » H
] e + <b = hg = 4()> |
[ | sg/m =5 A B pd ]
- P 1A — 102
0,9 pd pd m = 10_
A1 1A Y
p A1 A L
| 34 ,/, / |
0,85 / 4 o
/ —
/// / —
[ 2 /’ '/r //r :
0,8 LA 1,5 s u
1 —
y ||
0,75 . b=40
‘4 =
yibi m=1Q
0.7 17 Y
NN A A
0,65 o
W
bs =10 VCJE
0,6 | g
0,55 "
0,2 0;3 0,4 0,5 0,6 0,7 0,8 0,9 1 1,1 1,2 XK
Key
X RJb
Y wheel blank factor, Cg
Figure T9 — Wheel blank factor Cy — Mean values for mating gears of similar or stifter wheel blank

design
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Annex A
(normative)

Additional methods for determination of /5, and f5

A.1 Determination of f;;, from contact pattern

Once the tragnsmission has been assembled, the equivalent misalignment, f;,, can be calculated for gearg with
or without helix modification from the width of the contact pattern without load and with part load. Equipment
suitable for the application of part load shall be available.
Since the mgsh stiffness falls off sharply at low specific loading, the specific loading at partial’lload shou|d be
at least 100 N/mm.
Care shall be taken to ensure that the pinion and wheel-shaft journals are in their-working attitudes dpring
contact pattgrn development (appropriate bearing clearances).
The procedyre is as follows:
a) Determine the mesh misalignment ., in accordance with 7.5.3.1.
b) Measurg contact pattern length b, 1 under partial load F,,,; aad calculate b, 1/ b.
It is nedessary that the part load be chosen such that the' contact pattern dimension b, is less thah the
face widith (b 4 /b < 1); however, the smallest load should not be less than 10 % of the full load.| The
maximum length of contact pattern should not exceed 85 % of the face width (b.,/b < 0,85), in order to
ensure fhat the contact pattern width is less than the face width (the type of load distribution for b, + b is
not cledrly defined, see Figures 7 and 8).
c) Determine the equivalent misalignment FaeT under partial load (see Clause 9 for tooth stiffness cyﬁ):
2FT
Fﬁ T = b m2 A1)
calT
d) Calculate f¢p, T under partial load:
fsrT:‘FﬂxT_fma‘ A2)
e) Computefsrunderful-load-{linearextrapolation):
F,
JshT = fshT [—m] (A.3)
FmT
NOTE Depending on the design, the accuracy of the method can be seriously impaired when the non-linear

deflection components are induced at larger partial loads.

76
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A.2 Determination of f,5

A.2.1 Determination of /., on basis of no-load contact pattern
Under ideal conditions f,,, can be derived from
b
Sma =l — | ¢ (A.4)
ch
where b is the length, at low loading, of the contact pattern of the assembled gears and s is the thickness of

the §oating of marking compound (see Figure A.T) 18/ 1T gears are crowned or end-relieved, Jan accurate
analysis is necessary.

A
Y

ch

A
Y

Figure A.1 — Length of contactpattern 5, and face width

The foating thickness of common marking comipounds is in the range 2 ym to 20 um; 6 um can be used as a
meap value consistent with good working practice.

If the minimum length of contact pattern is stated on the drawing, it is convenient to determine the maximum
permissible mesh misalignment.

bs
fmamax = A ¢ (A.5)
cOmin
A mean value suitable for use in preliminary design calculations is
2
/ma :gfma max (A.6)
After final assembly in the gear case, maximum and minimum values of mesh misalignment, |f,, max and

can-be determined from-the minimum-or the maximum-lengths of the contact patternrespectively.

fma min’
These values enable recalculation of preliminary rated load capacity:

Sma = 0,5 (fma max * /ma min) (A7)
b
Smamax = [b—] Sc (A.8)
cOmin

16) Precise knowledge of the coating thickness is of great importance. In case of doubt, the actual coating thickness
should be determined.
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b

[bco max

jsc

patterns shall be created with pinion and wheel shaft journals in their working attitudes.

A.2.2 Determination of /., from length of the contact pattern under partial load and

theoretical

ly determined deformations

The following conditions are necessary for application:

The elastic
determined
purpose. As

The length

eflections of pinion, wheel, shaits, gears and bearings, jqn, /sh2r Jca N0 Jpe (5€€ 7.0.2.3), are
using an accurate calculation method. As a rule, Method C is not sufficiently accurate.fo
indicated, the individual deflections shall be carefully considered.

bf the contact pattern, b at partial loading, F,

mT (see A.1), is measured and-the equiv|

cal T

(A.9)

o be

r the

alent

misalignment, Fpers at partial loading is determined using Equation (A.10):
2F,
Fpyr = mg (A.10)
bcaIT
[b [ b C},ﬁ
When calculpting mesh misalignment, it is necessary to distinguish between two cases.
Case 1: the felastic deflections augment the mesh misalignment (see, for example, Figure 12):
fmazl‘ﬂXT_l(fsh+fsh2+fca+fbe)T| (\11)
Case 2: the felastic deflections tend to compensate for the mesh misalignment (see, for example, Figure 12):
fma:lwﬂXT'i_|(fsh+fsh2+fca+fbe)T| (\12)
When gears|are crowned or end-relieved, an accurate analysis is necessary.
When the Igngth of the contact pattérn varies around the circumference, f,5 max Shall be derived from the
minimum lepgth, f..; min Shall be derived from the maximum length, and then f,,, shall be derived |from
Equation (AJ7).
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Annex B
(informative)

Guide values for crowning and end relief of teeth of cylindrical gears

B.1 General

Wellidesigned crowning and end relief have a beneficial influence on the distribution of load c:'ver the face
width of a gear (see Clause 7). Design details should be based on a careful estimate of the. defoymations and
manpfacturing deviations of the gearing of interest. If deformations are considerable, helixlangle|modification
might be superposed over crowning or end relief, but well-designed helix modification,is preferablg.

B.2| Amount of crowning C,

The [following non-mandatory rule is drawn from experience; the amoufit of crowning which is pecessary to
obtain acceptable distribution of load can be determined as follows:

Subject to the limitations, 10 ym < C, < 40 ym plus a manufactuting tolerance of 5 um to 10 ym,|and that the
valug b, /b would have been greater than 1 had the gears not been crowned, Cp= 0,5 Frxov [see]Figure 8)].

The nitial equivalent misalignment, F, ., should be calgulated as though the gears were not crqwned, using
a mqdified version of Equation (52) in'which 1,0 fg;, is substituted for 1,33 f;,, — see Equation (B.1).

Furthermore, f;, shall be determined as though the 'gears were not crowned in accordance with 7.5.2.4.

<
-

fey
L

Cﬂ(b)
o
C

(b)

A
 J

Figure B.1 — Amount of crowning Chip) and width bp) (see 7.5.2.4)

So 3s to.avoid excessive loading of tooth ends, instead of deriving f,,, from 7.5.3, the value shall be
calcylated as

Jmac =19 JHp (B.1)
Thus the crowning amount:
Cp =0.5(fsn +1.5 fip) (B.2)

When the gears are of such stiff construction that £, can for all practical purposes be neglected, or when the
helices have been modified to compensate for deformation at mid-face width, the following value can be

substituted:

Cp=fup (B.3)
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Subject to the restriction 10 pm < Cp< 25 pym plus a manufacturing tolerance of about 5 um, 60 % to 70 % of
the above values are adequate for extremely accurate and reliable high speed gears.

B.3 Amount Cy(;;) and width 5y of end relief

Method B.3.1

This method is based on an assumed value for the equivalent misalignment of the gear pair, without end relief
and on the recommendations for the amount of gear crowning. The following is non-mandatory.

a) Amount of end relief
For through hardened gears, Ciany=Fpxev plus a manufacturing tolerance of 5 to 10 ym.
Thus, by analogy with Frxov inB.1, Ciy should be approximately

Ciy =fsh + 1.5 fup B.4)

For surface hardened and nitrided gears: Cy(jy = 0,5 F g, ¢, plus @ manufacturing tolerance of 5 to 10 ym.

< b >l Dred >l by >
v | | v
A } ) A
5 /l | S
© b(b)
< b >

Figure B.2 — Amount ¢ i,y and width b, of end relief (see 7.5.2.4)

Thus, by analogy with Frxov in AA, Cl(”) should be approximately

Ciy =0,5(fsh +1.5 fup) B.5)

When the gears are of such stiff construction that £,, can for all practical purposes be neglected, or ywhen
the heliges have beenmodified to compensate deformation, proceed in accordance with Equation (B|2).

60 % to| 70 % _0of the above values is appropriate for very accurate and reliable gears with high tangential
velocitigs.

b) Width of endrelief

For approximately constant loading and higher tangential velocities, bl(ll) is the smaller of the values
(0,1 b) or (1,0 m).

The following is appropriate for variable loading, low and average speeds:

breq = (0,510 0,7) b (B.6)
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Method B.3.2

This method is based on the deflection of gear pairs assuming uniform distribution of load over the face width:

5bth ZFm /(b C},ﬁ), where Fm :Ft KA KV

For highly accurate and reliable gears with high tangential velocities, the following are appropriate:

Ciny =(2 to 3) Speh

bred = (0,8 9 0,90
For gimilar gears of lesser accuracy:

Ciqny = (3 to 4) Speh

breg = (0,710 0,8) b

© I1SO 2006 — All rights reserved

(B.7)

(B.10)

(B.11)

81


https://standardsiso.com/api/?name=c7003e07edd7e49298c9ec4d5da296b2

ISO 6336-1

:2006(E)

Annex C
(informative)

Guide values for K 5.c for crowned teeth of cylindrical gears

C.1 Gene

ral

The purposqg

C.2 KH,B—C

Clause 7 co
values. This

C.2.1 Non

This is calcu

C.2.2 Non

This is calcu

FﬁX:(

where

By
apq

By isQ

is equal to 0,1 if a helixmodification carefully calculated to match the torque being analys

of this annex is to allow the analysis of the more general (non-optimum) crowning conditien.

for crowned gears

ers the calculation of K}, ; for crowned gears where the crowning height Cis-one of two pr
annex covers the more general crowning condition.

tdimensional crowning height, Cﬁ*

ated as follows:

€y
b

tdimensional mesh misalignment, Fﬁx*

ated as follows:

’3333 fsh +fma)ci
Flb

lied

therwise equalto 1,0.

C.2.3 Gra

The value o

82

:[KHE can be read from Figure C.1.

hical values

bcise

C.1)

C.2)

bd is
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YA

=3 __//
N

1,6 N ,
\\2 225 y
\ 1,76 —

14 < 1,5%
\ 1,25

" \__05 yd

0 0,5 1 1,5 2 K

Key
X growning height, Cg"
Y fhce load factor, Khp

Figure C.1 — Face load factors Kyp for crowned gears

C.2.4 Determination by calculation

If Cgl =0, then:
if Fg <2 then Kpp =1+~ iLE
(C.3)
if Fﬂx >2 then KHﬁ_.IZFﬁX
1/3
If 1,5and 4 1- 1.5 then:
Cﬂ> an Fﬂx< Cﬂ = , then:
B
Kny =(2,25C5)"3 C.4
Hp =(2,25Cp) (C4)
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If C5 > (0,25 Fpp) and Fp, < 1,5, then:

* 2
C F
KHﬂ:1+—ﬁ+( 'sz (C.5)
3 16Cy
If none of the above applies, and Cﬁ* > (0,25 Fﬁx*), then use iteration as follows.
Set ¢ = 1,0 as the seed value
k= |4 C.6)
C
F _
| SN C.7)
8y
1=4C/ m(k—m) C.8)
2qfk- C; m> mt
A=—dg—F——— C.9)
3 2
1,5 (4 -1 X
q=q—-¥ (€.10)
k
Continue unfil 4 is close to unity, then Ki;5=g.
If none of th¢ above applies, then obtain value by linear interpolation.

84
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Annex D
(informative)

Derivations and explanatory notes

D.1 General
The [explanatory notes in this annex are intended to assist the user's understanding of formulag| used in this
part pf ISO 6336.
D.2| Derivation of K}, ; from elastic torsional and bending deflections of pinion
Figute D.1 shows the deformation of a pinion due to bending and torsion when the load is distributed uniformly.
The following is the equation of torsional deflection under uniform load distribution:
8 Fib (b)) ([, ¢
——_-m= | “ 1-= DA
(&) no,ng[dJ ¢(-) 0.1
The maximum value of f; occurs at £=1 and is
4 Folb (5
- _mZ |7 D.2
ftmax(‘f) TEO,39E[d1] ( )
Mean value
1
2
fin = [ 11(£)d€ = 5 Fimax (D.3)
0
The [following is the equation of the bending deflection when the load is evenly distributed acrpss the face
width.
8 Flb( b)Y I 31
m 4 3 2
=—0—| — —2£°+3 |1-— +2 | =—-1 D.4
/o= E[d1j[§ £ [ bjg’ [Zb H (D-4)
The maximum value of £, occurs at £=1/2 and is
2F, b (b)Y (1 7
=S m _- - D.5
fbmax E {%J (b 12) ( )
Mean value
4 F,ib (b)Y (1 3
= m B I D.6
Jom =3 g {dJ (b 5] (69
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[V

T
@D,
@d,

A
Y

Key
fim  mean value for torsional deflection
fom  mean v@alue for bending deflection
Jimax maximIm torsional deflection of the pinion

Jomax maximum bending deflection of the pinion

a F /b under a uniform load distribution.
b Bending component only.

¢ Torsiorjal component only,

d

Mean value of tooth 'deflection.

e Torsional and bending component.

Figure D.1 — Deflection of pinion shaft and pinion teeth

From which follows as an approximation:

2
Jom :gfbmax (D.7)

The total deformation component of equivalent misalignment is the sum of the mean values of torsional and
bending deflections.

1

2
EF x:fbm"'ftm:g(fbmax"‘ftmax) (D.8)
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