TECHNICAL ISO/TS
SPECIFICATION 14521

First edition
2020-04

Gears — Calculation of load capacity
of worm gears

Engrenages — Calcul de la capacité de’charge des engrenages a vis

Reference number
ISO/TS 14521:2020(E)

©1S0 2020


https://standardsiso.com/api/?name=558a7c262909a61e07216e4a8ac2ad2b

ISO/TS 14521:2020(E)

CUFYRIGHT FRUTECUCTED DUOCUMEN I

© 1S0 2020

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=558a7c262909a61e07216e4a8ac2ad2b

ISO/TS 14521:2020(E)

Contents Page
FOT@WONM ... oottt vi
0 0 000 0 1D ot 0 ) 1000000 vii
1 S0P ... 1
2 L0 00 B T AT o <Y (=) =) 4 o = 1
3 Terms, definitions and symbols
21
3.2
4 General consideration
4.1 Worm gear load capacity rating Criteria ... B e
4.2 Basis 0f the MEethOd. ... e
4.3 Concept of absolute and relative parameters
4.4 APPHCADIIILY oo oo
4.5 7211 2SSOSR 0 =
4.6 System considerations........
4.7 Calculation methods A, B, C
4.7.1 Generality on methods A, B and C
4.7.2 Notes on numerical formulae.....
4.7.3 Base conditions, interaction....................
A S 15 4 1<) o (0 5 <1 4
4.8 Standard reference gear
5 Required date for calculation
5.1 Input variable...............
5.2 SAFEEY FACTOTS ... et
6 Forces, speeds and parameters for the calculation of stresses................occs o, 15
6.1 (TS 0TS o= e e
6.2 B L0 Y0] 4 T8 0] (o1 e et
6.2.1  Application factor
6.2.2  Dynamic factor. ...
6.2.3  Load distribution factor..................
6.2.4  Toothforce components...............
6.3 Sliding velocity at reference diameter
6.4 PRYSICAl PATAIMETET'S ...ttt
6.4.1-\-Generality on physical Parameters ...
6.42 Parameter for the mean Hertzian stress............
64-3 Parameter for the mean lubricant film thickness....
6.4.4  Parameter for the mean sliding path...
6.5 Calculation of mean contact stress..............
6.6 Calculation of mean lubricant film thickness.....
6.7 Calculation of the Wear PAth ...
68 Catertationrofthetabricantkinematie via\,uoit_y .....................................................................................................
7 Efficiency and power loss

7.1
7.2

7.3

7.4

Total efficiency ..........

7.21  Method A

7.2.2 Method B

Total POWET 10SS ..o

7.3.1  Methods Of CAlCULATION ...
7.3.2  ldle running power loss

7.3.3  Bearing load power loss

7.3.4  SealiNg POWET LOSS ..ot

7.3.5  Adaptation of the calculation procedure to a specific test

GAT EFFICTETICY ...

© 1S0 2020 - All rights reserved iii


https://standardsiso.com/api/?name=558a7c262909a61e07216e4a8ac2ad2b

ISO/TS 14521:2020(E)

10

11

12

13

7.4.1  Efficiency calculation ...
7.4.2  Base coefficient of friction, ur, of the standard reference gear...
A 55 TN V115 - Uod 0 ) oF O
744 GEOMELIY FACTOT oo
4 S T =Y 1= i =Y I 2= T ) OSSO
7.4.6  Roughness factor
7.4.7  Adaptation of the calculation procedure to a specific test

7.5 Meshing power loss
7.5.1 MethodA....
7.52 MethodB...
/.0.5 IMEETIIOM Ut
WAL 10ad CAPACIEY ...
8. GBIIETAL ...
8. Wear safety factor-...
8. Expected wear-....
8.3.1 MethodA.....
8.3.2 MethodsB,C...
8. PermiSSIDIe WEAT ...
8. Adaptation of the calculation procedure to a Specific test ...t 36
Sufpface durability (PItting reSiSTaANCE) ... 36
9. 125 0 T i OO <SS
9. Pitting safety factor ...
9. Actual contact Stress ...
9.3.1 Method A .o
9.3.2 Methods B, C....cccooeveocc
9. Limiting value of contact stress
9. Adaptation of the calculation procedure toSpecific test ... 38
DEIIECTION ..ot AN s
10|11  General.....cnn
10{2 Deflection safety factor.
10|3  Actual deflection........
10.3. 1 MEhOd Ao i
10.3.2  METNOM B it
10.3.3 Method C
1014 Limiting value of defl@CTION ...
TOPEh TOOE STI@MGEI. ..\ e
11|1  Safety factorfortooth breakage
112  Actual tooth FOOt Stress ...
11.2.1 <{Method A
11.2,2\"Method B
1128/ Method C
11|13 _ Limiting value of shear stress at tooth root..
11.3.1  General...eee
1132 Shaaranduranca limit +
...... Shear endurance Hmit 1
11.3.3  Life faCtorn, Yp, ittt
11.4 Adaptation of the calculation procedure to a specific test
TempPerature SAfELY FACTOT ...
12.1 Temperature safety factor for splash [ubrication.......... s
T2.101 GOIIETAL e
12.1.2 Determination of oil sump temperature...
12.1.3  Limiting values ...
12.2 Temperature safety factor for oil spray lubrication...
12.2.1  General..ee e
12.2.2 COOlNG CAPACILY Py oottt
Determination of the wheel bulK temMPEerature ... 47

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=558a7c262909a61e07216e4a8ac2ad2b

ISO/TS 14521:2020(E)

13.1 Wheel bulk temperature with splash lubrication
13.1.1  General...eesissinsins
13.1.2 Method A
13.1.3 Method B
13.1.4 Method C

13.2  Wheel bulk temperature with spray lubrication..
13.2.1
13.2.2
13.2.3
13.2.4

Annex A (informative) Notes on physical parameters
Annex B (normative) Methods for the determination of the parameters

Annex C (normative) Lubricant film thickness according to the Elasto Hydrodynamic
Lubrication (EHL) theory

nex D (normative) Wear path definition
nex E (informative) Notes on calculation wear

nex F (informative) Notes on tooth root strength

nex I (informative) Examples

e

nex ] (informative) Examples of limit load capacity.in a range of working conditions

Bibliography

nex G (informative) Adaptation of formulae for the reference-gear with results from te

nex H (informative) Life time estimation for worm gears-with a high risk of pitting dan

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=558a7c262909a61e07216e4a8ac2ad2b

ISO/TS 1

4521:2020(E)

Foreword

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

:2020(E)

This document was developed for the rating and design of enclosed or open single enveloping worm
gears with cylindrical worms, and worm-geared motors having either solid or hollow output shafts.

This document is only applicable when the flanks of the worm wheel teeth are conjugate to those of the
worm threads.

The particular shapes of the rack profiles from tip to root do not affect the conjugacy when the worm
and worm wheel hobs have the same profiles; thus worm wheels have proper contact with worms and

th¢ motions of worm gear pairs are uniform.
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cr'iteria described in the scope and 6.4. The permissible torque on the worm wheel is the 1

is document can apply to wormgearing with cylindrical helicoidal worms as definedinJSO
ying the following thread forms: A, C, I, N, K.

her than those mentioned in the three preceding paragraphs, no restrictions are plac

brder to ensure proper mating and because of the many different thread profiles in use, it is
birable that worms and worm wheels be supplied by the same manufacturer.

this document, the permissible torque for a worm gear is limited\by considerations of surf
nveniently referred to as wear or pitting) or bending stress{referred to as strength) in b
eads and worm wheel teeth, deflection of worm or thermal Jimitation.

hsequently, the load capacity of a pair of gears is determined using calculations concerng
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Gears — Calculation of load capacity of worm gears

1

Scope

This document specifies formulae for calculating the load capacity of cylindrical worm gears and covers
load ratings associated with wear, pitting, worm deflection, tooth breakage and temperature. Scuffing
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[l other failure modes are not covered by this document.

e load rating and design procedures are only valid for tooth surface sliding velocities; \;g , 16

1al to 25 m/s and contact ratios greater than 2,1. For wear, load rating and design proce
y valid for tooth surface sliding velocities which are above 0,1 m/s. The rules and recomm
the dimensioning, lubricants or materials selected by this document only apply to centre
b0 mm and larger. For centre distances below 50 mm, method A applies,

e choice of appropriate methods of calculation requires knowledge ahd‘experience. This dd
ended for use by experienced gear designers who can make informed judgements concerni
5 not intended for use by engineers who lack the necessary expefience. See 4.7.

RNING — The geometry of worm gears is complex, therefore the user of this doc
ouraged to make sure that a valid working geometry has been established.

Normative references

Thf following documents are referred to in thé'text in such a way that some or all of the
stitutes requirements of this document, \For dated references, only the edition cited applies. For

Hated references, the latest edition of theyreferenced document (including any amendment
1122-1, Vocabulary of gear terms — Part 1: Definitions related to geometry
1122-2, Vocabulary of gear terms — Part 2: Definitions related to worm gear geometry

6336-6, Calculation of load\capacity of spur and helical gears — Part 6: Calculation of servicé
riable load

N 3974-1, Accuracy‘efi\worms and wormgears — Part 1: General bases

N 3974-2, Accurdcy of worms and wormgears — Part 2: Tolerances for individual errors

Ternisy’definitions and symbols

3.

ss than or
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cument is
hg factors.

ument is

ir content

5) applies.

b life under

1 “Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1122-1, ISO 1122-2 and the
following apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

3.1.1
actual gear
worm gear set designed by this document

© IS0 2020 - All rights reserved
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3.2 Symbols

NOTE Where applicable, the symbols are in accordance with ISO 701.

Table 1 — Symbols for worm gears

Symbols Description Unit Figure Formula
a centre distance mm Figure 1
a, centre distance of the gear concerned mm Figure 1
agy, Ay, G eH-sump-temperature-coetficients H183-+te-(1243
ap centre distance of standard reference gear mm Figure 1 e )
v
ay centre distance of a gear operating or test mm Table 4 (1>)
experiences are available Ar\’ .
Al
by effective wheel facewidth mm . v
boy st standard effective worm wheel facewidth mm n N7 o
byr wheel rim width mm - 0 (132)
by half Hertzian contact width mm Annezgqi)\ (D.2)
Cx coefficient for heat transition coefficient o\ (133)
Coil specific heat capacity of the oil Ws/(kg.K) (5\ (128)
(for temperature calculation with spray <§
lubrication) R Q
Cq proximity value for the viscosity pressure n@ (22)/(24)
exponent « O
. . gt
d,q worm tip diameter \\S\ mm (89)
d,, worm wheel throat diameter ) O.Q‘ mm
"4
d,, worm wheel outside diameter K\ mm
aF force transmitted by a segment of theeon- N Figure B.2 (B.3)
tact line . \!r
dl length of contact line segmerﬁ)\\ mm (B.1) to (B.6)
deq worm root diameter \’ . mm 104
de, worm wheel root dig}@é}?r mm 111
dm worm reference gii\aSuéter mm
dna worm wheel {@Jnce diameter mm (41) to (43)
dit reference G_'y\lé'ter of the worm, from mm Table 4 (44), (45)
standardreference gear
dmor refer diameter of the wheel, from mm Table 4
st@rd reference gear
€, P it vector pointing in direction of the x-axis mm (B.4)
fu C_)\ worm wheel face width factor for the pa- — (16)
TamMeter foT Te MU mean tubricant
film thickness
fo worm wheel face width factor for the pa- — an
rameter for the mean Hertzian stress
Af relative deviation between a quantity of the — Figure 1
gear concerned and a reference gear
Ay relative deviation between the centre dis- — Figure 1
tance of the gear concerned and the stand-
ard reference gear
Afy relative deviation between the centre — Figure 1
distance of the gear concerned and a gear
operating or test experiences are available

2 © IS0 2020 - All rights reserved
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Table 1 (continued)
Symbols Description Unit Figure Formula
hym worm tooth reference addendum in axial mm (86)
section
Rpin minimum lubricant film thickness pm (C.1)
Rin m minimum mean lubricant film thickness pm (21)
h* parameter for minimum mean lubricant film — (14)/(5)
thickness
hT lJcll dlllCtCl fUl lllillilllulll IIITdIl 1u1u1 i\,dllt f;}lll - T_&‘M
thickness of the standard reference gear (\Q
k lubricant constant 1/K (-‘M}, 29)
14 spacing of the worm shaft bearings mm qN v ada3)
L, L4 bearing spacing of the worm shaft mm Figure 5, <C)V ada3)
my axial module mm . N”
Am i, material loss limit mg \/QO 88
As tooth thickness loss mm O\ i
AS i allowable tooth thickness loss mm Q\\O (1A
n normal vector < o (BJ5)
ny rotational speed of the worm shaft 1
Py Hertzian stress \\‘f‘l/mmz (B.1)AB.6)
PHm Hertzian stress; mean value for the total EN N/mm?2 B
contact area RV
P parameter for the mean Hertzian st&%’\ — (11)/(a4)/(B.8)
P parameter for the mean Hertziaé\é?ress of — Table 4
mr the standard reference gear,
. . N
Q1 diameter quotient AN mm
r radius from the axis @%\é}worm wheel to mm (B#4)
the contact point B.
Sto mean tooth ro @ckness of the wheel mm (a11)
teeth in the;.lé section
Ste2 mean tooth root thickness of the wheel mm (a11)
teeth i spur section
SgB slid@f),ath of the worm flanks within the mm (D.3)AD.5)
zian contact of the wheel flank per
\ ber of cycles of the wheel, around the
‘0? contact point (local value)
Soea\ " |mean sliding path mm (D7)
; tooth thickness at the reference diameter of mm i1
OJ the worm wheel
Sk rim thickness mm Figure 6 113
SWm wear path inside of the required life ex- mm (30)/(D.1)
pectancy
Smxi worm tooth thickness in axial section mm
s worm tooth thickness in axial section — 111
mxl coefficient
s* parameter for the mean sliding path — 17)/(18)/(D.8)
P parameter for the mean sliding path of the — Table 4
T standard reference gear
As tooth thickness loss 111

© IS0 2020 - All rights reserved 3
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Table 1 (continued)

Symbols Description Unit Figure Formula
Asjim allowable tooth thickness loss (87)/111)
teontact time of contact s (D.2)
u gear ratio m
ur gear ratio of the standard reference gear Table 4
V1 velocity of a flank point of the worm m/s Figure B.1
;2 velocity of a flank paint of 2 worm wheel m/s Figure B 1
Vin worm vellocity component normal to the m/s Figure B.2 qg)
contact line qQ
Von wheel vellocity component normal to the m/s Figure B.2 (%;Y
contact line <A
;gB _sliding ve!ocity normal to the line of contact m/s QB]/[D_.S]/(M_
in flank direction R
Vg sliding velocity at reference diameter m/s Qiﬁ)/[ﬂ)/&/@_/
O" | (1.2)/{1.3)/01.5)
Vief reference sliding velocity m/s K\J (H.2) to (H.5)
Vs sum velocity in normal direction m/s Ve o) a1/cc4)
Xy worm wheel profile shift coefficient — n<>\
zq number of threads in worm X\‘(
z, number of teeth in worm wheel A&})‘
A coefficient for kinematic viscosity QS\‘O 33
Ap total flank surface of the worm wheel &} mm? (89)
Ap dominant cooled surface of the gear set&\‘o m? (132)
B coefficient for kinematic viscosity \O — 34)
B coefficient for h* x(-\)l‘ mm (14)
E; modulus of elasticity of the v@g\h N/mm?
E, modulus of elasticity of;clR‘worm wheel N/mm?2
E..q equivalent modulusg@%ticity N/mm? Table 4 20)
Fimp axial force to the)q&r-l’n shaft N [CaY/val
Fino axial force to‘t@)\'Jorm wheel N (3)/(6)
Fint radial forg@\}'le worm shaft N »5)
Fim2 radial @}s)to the worm wheel N a1
Fim1 Wrendal or tangential force to the N “4)/(6)
shaft
Fimo A ircumferencial or tangential force to the N 3)/(7)
C~ |worm wheel
dF/d specific loading N/mm CH)
Jot reference wear intensity — Figure 4 (69) to (79)
JovJowJomn | reference wear intensity for stage I, II, I11 — (H.6) to (H.7)
Jw wear intensity — (68)
Jwp wear intensity — (H.6)
K, rotational speed factor/wheel bulk tem- — 135
perature
Ko transverse load distribution factor — 6.2.3
Kyp longitudinal load distribution factor — 6.2.3
Kg size factor/wheel bulk temperature — 137

4 © IS0 2020 - All rights reserved
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Table 1 (continued)

Symbols Description Unit Figure Formula
K, application factor — 6.2.1
K, dynamic factor — 6.2.2
Kw lubricant film thickness parameter — (80)

K, viscosity factor/wheel bulk temperature — 136)
K; factor — (G.5)
Ly life time h
Ny, number of stress cycles of the worm wheel — (18]
Mip Ny Nypp |number of stress cycles of the worm wheel — Qlﬁl]
for stage I to III u‘(l/
Ng number of starts per hour — 2] N (7p)
Py input power to the worm shaft w ,\bz”
p, output power from the worm wheel shaft w .S
Py cooling capacity of the oil with spray lubri- w O\\ 27)(125
cation i~
Py total power loss of the worm gear unit w ‘s\\J 38)
Pyo idle running power loss w, O (38)/(39)/(G.1)
Py,10 meshing power loss in reducer n@l\ [(92]
Py, meshing power loss in increaser ;\\K w (e4)
Pyp sealing power loss As\\) w “44) /45
Pyip bearing power loss through loading Q{\U w (40) to (43)
Qo |spray quantity R m3/s adn
Ray arithmetic mean roughness for;&b‘?m pum Table 4
Ra arithmetic mean roughnesss@reference pum (62)
gear A
Rz, mean roughness deprh}\v pum 74.6
Sk tooth breakage safeéty factor — 106)
SF min minimum too?h@gakage safety factor — aa7)
Sy pitting safer\é’ctor — “n
Stmin minimgg.gi:cting safety factor — (9R)
St terrcé\éfure safety factor — 115)/(25
ST min @@qum temperature safety factor — aie)jaz2e)
Sw AV%ear safety factor — (65
Sw mmk\) minimum wear safety factor — (66)
/(25?“‘ deflection safety factor — (ad1n
(Q; ,;,-“ limit of deflection safety factor — (192)
T, input torque to the worm shaft Nm [0
Tin nominal input torque to the worm shaft Nm m
T, output torque from the worm wheel Nm (2)/(B.4)/(B.5)
Ton nominal output torque from the worm wheel Nm 2)
Vsumn sum of velocities at contact point (€1
Wy - (84)/(85)
Wy material — lubricant factor — Table 7
Wys start factor — (83)
Wy damage factor — (H.8)
Wy lubricant structure factor — (81)/(82)

© IS0 2020 - All rights reserved 5
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Table 1 (continued)

Symbols Description Unit Figure Formula
Ye form factor/tooth breakage — 110
Ye geometry factor/coefficient of friction — (59)/(60)
Yy rim thickness factor/tooth breakage — a13)
YNL life factor/tooth breakage — Figure 7 a)/b) Table 11
Yr roughness factor/coefficient of friction — (61)/(62)
Y size factor/coefficient of friction — (57)/(58)
Yiw material factor/coefficient of friction — Q)
Y, contact factor/tooth breakage — [L)ml/
Yy lead factor/tooth breakage — ALLQE{
Zy, life factor/pitting — k((‘)l{ﬂ]
Zi lubricant factor/pitting — Y\D‘ (100)
Zg size factor/pitting — ,(F'O (96)/(97)
Z, gear ratio factor — 0\ | (98)/(99)
Z, velocity factor/pitting — X \(Ov 95
pressure viscosity factor m?/N . 6\ 6.6
aj, heat transition coefficient for immersed W/(m2K) <5< 133
wheel teeth Q
a, normal pressure angle “’\& .
ag normal pressure angle 0:\\4 (5), (86)
Y1 reference lead angle of worm \\S\' ° (86)
Olim limiting value of deflection . O,Q‘ mm (105)
Om incurred deflection ,\A\' mm 103)/(104
Own _flank loss from wh_eel through abr\ﬁ% wear mm ©7)
in the normal section Xe
Ow lind limiting value of flank loss C)\\ mm 90)
Swiimh limiting value of flank loks§\i‘rr normal section mm (86) to (88)
Mges total efficiency in re;_i@? — (35)
Ngesi-] total efficiency vyo{}p)driving wheel — 35
Nges2- total efficiengpgh}eel driving worm — (36)
N'ges total effig.e\@in increaser — (36)
N41-2 gear ef@'ﬂcy in reducer — “46)/(63)
Ny ge‘ﬁ%ﬁiency in increaser — “n/64)
Nom dﬁ;/mic viscosity of lubricant at ambient Ns/m? (25)/(C.1)
ressure and wheel bulk temperature
6 (O temperature °C
46 temperature difference between oil sump °C 131
and worm wheel bulk temperature
0, oil entrance temperature °C 129
0, ambient temperature °C
0,11 spray temperature °C 129
46,5 oil temperature difference between input °C 129
and output cooling system
Om wheel bulk temperature °C (130)/(134)
O oil sump temperature °C 117y/(119)
05 1im limiting value of oil sump temperature °C 115

© IS0 2020 - All rights reserved
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Table 1 (continued)
Symbols Description Unit Figure Formula
UoT base coefficient of friction — (49) to (52)
Hym mean tooth coefficient of friction — “48)
vy POISSON ratio of the worm — (20)
v, POISSON ratio for the worm wheel — (20)
Vg kinematic viscosity at oil temperature 6 mm?2/s (32)
Vg kinematic viscosity at 40 °C mm?/s (32)
V100 kinematic viscosity at 100 °C mm?/s
2y kinematic viscosity at wheel bulk tempera- mm?2/s 12h)
ture
P P2 local radius of curvature mm (BR2)
Poil lubricant density kg/dm3 a7
Pg friction angle for the tooth coefficient of H)
friction
Poilis lubricant density at 15 °C kg/dm3 (25)
PoilM lubricant density at wheel bulk temperature | kg/dm3 26)
Pred equivalent radius of curvature mm (BJ2)
P, friction angle for the tooth coefficient of ) [E]]
friction
PRad material density of the wheel mg/mm3 Table 8 (88)
OHlim T pitting strength N/mm? Table 9
Olym mean contact stress N/mm? a9 9an
Oye limiting value for the mean contactstress N/mm?2 93)[91)
Tp shear stress at tooth root N/mm? (108) [106)
TE lim T shear endurance strength N/mm? Table 1
Trg limiting value for shearstress at tooth root N/mm? (114) [106
4 | General consideration
4.1 Worm gear load-capacity rating criteria
The load capacity efa worm gear corresponds to the torque (or the power) which can be transmitted
without the occurrence of tooth breakage or the appearance of excessive damage on the active flanks of
the teeth during the design life of the gearing.
Copditigns shown in Table 2 can limit the rated load capacity.
Table e-gear set)

Failure modes

Influencing factors Wear Pitting Tooth- Worm shaft | Scuffing | Efficiency
breakage deflection

Load (Hertzian pressure) X X X X X D¢
Worm speed X X X X
0il viscosity X X X X
Contact Pattern X X X X X
Worm surface waviness and X X X X

roughness
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Table 2 (continued)

Failure modes

Influencing factors Wear Pitting Tooth- Worm shaft | Scuffing | Efficiency
breakage deflection

0il film shearing value X X
Shear stress X
NOTE Worm thread breakage can occur as a result of bending fatigue of worm threads but is not covered by

this document.

— wear} damage usually appears on the tooth flanks of bronze worm wheels and is also influenced|by
the nimber of starts per hour;

— pitting: this form of damage may appear on the flanks of worm wheel teeth; its deyelopment is
strongly influenced by the load transmitted and the load-sharing conditions;

— tooth breakage: shear failure of worm wheel teeth or worm threads can occuttwhen teeth become
thin due to wear or overload;

— wornp shaft deflection: excessive deformation under load can modify th€contact pattern betwgen
worn] and worm wheel;

— scuffing: this form of damage often appears suddenly; it is strongly-influenced by transmitted lopd,
sliding velocities and the conditions of lubrication.

Factors spich as material properties, meshing conditions, *(elg. contact pattern under load) gnd
lubricatioph greatly impact Hertzian pressure along the lines/of contact.

The differlent rating criteria are calculated independently and not in combination (see Annex |). For a
given worim gear pair, the zone of contact can changé‘with loading. At a steady load, fatigue pits ¢an
develop which may subsequently be reduced by wear. This can be followed by further pitting, additiopal
wear or a stable condition.

The load ¢apacity of wormgearing is detefmined by calculations dealing with permissible stresses ffor
pitting anid wear, the deflection in the worm, shafts, and the operating temperature. Excessively hjgh
working ffemperature leads to accelerated degradation of the worm gear lubricant. The permissiple
torque shall be determined from thelowest value of the calculated load capacity.

4.2 Bagis of the method
The calculation methods are partly based on investigations of test gears (see, standard reference ggar,

4.4), and partly on application experience. Investigations on test gears are mainly ascertained throygh
varied test conditions and verified through practical experience.

4.3 Comncept'of absolute and relative parameters

The formulae used for the calculation procedure in this document lead to either an absolute form
(calculation with absolute parameters) or to a relative form (calculation with relative parameters).

Absolute parameters: The calculation is used when no specific tests are available. The precision of
the gear calculations is improved as the differences concerning geometric dimensions, the operating
conditions, material and lubricant, to those taken from the standard reference gears are decreased.

Relative parameters: The calculation offers the possibility to use investigation results in the
corresponding calculation process directly. This enables the calculation procedure of the specific
results to be adapted.
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As the dimensions, materials, lubricants and operating conditions of the gear to be calculated approach
those of the standard reference gear or, if the corresponding test gear data is available, the deviation is
decreased. Figure 1 shows an example of the influence of the centre distance.

To minimize the deviation between the designed gear and the reference gear (or/and test gear if
applicable), care should be taken to minimize the difference between both gears specific characteristics
including dimensions, materials, lubrication and operating conditions. The gear being designed has a
centre distance of a;, which is clearly a deviation from that of the standard reference gear ay. Thus a
relative deviation Afy is given. Furthermore, test results are available for a gear with a centre distance
of ay. In calibrating the calculation procedure to this centre distance, a deviation of Afy is yielded (by
lin for—Tht tattormrs—signifi fartt TSt oncerned
gear is clearly more similar to the test gear than to the reference gear. Therefore, if possiblejthe limiting
vajues should be determined from the operating or test experience in which each operating|condition
(tooth form, material, lubricant, rotational speed, loading, etc.) is as similar as possiblé to that of the
gear in question. In calculating the load capacity or various factors, more methods are allowed (see 4.4).

The use of the calculating procedure requires for each case, a realistic estimiation of all Influential
fadtors, especially the loading, ambient conditions, damage risk (probability of damage) etc. The
re¢ommended minimum safety factors shall be increased accordingly (see Annex I).

For a calculation example, see Annex G.

Af

Afy.

Key
a | centre distance

Af'| relative deviation.bétween a quantity of the gear concerned and a reference gear
a | centre distancé ofthe gear concerned

ar | centre distance of the standard reference gear (see Table 4)

ay| centre distance of a gear operating or test experiences are available

AfH relative deviation between the centre distance of the gear concerned and the standard reference gear
Afy] relative deviation between the centre distance of the gear concerned and a gear operating or test gxperiences

areavailable

Figure 1 — Deviation as a function of the centre distance (based on linear regression)

4.4 Applicability
The technical information provided in this document is based on the following:

— knowledge and judgement acquired over years of experience in designing, manufacturing and
operating wormgearing;
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— results of bench testing [-worm gears having centre distances from 65 mm to 160 mm a
transmission ratios for 4,8 to 50.

Three methods are provided for the calculation of each parameter:
— method A (the most accurate derived from experimental and measurement data);
— method B (calculated parameters derived using numerical methods);

— method C (approximated methods).

4.5 Validity

The validiity for the various parts of the calculating procedure of this document is restrieted
condition$ where operating experience already exists. If further test results are available, the scopg
validity can be extended by calibration with a valid calculation procedure with respect te, the type 3
extent of he additional testing.

The rating and design procedures are valid for the following:

— flanK/forms: A, N, K, I, C according to ISO/TR 10828;

— wornj rotational speed: up to 5 000 r/min;

— gear ratio: from 5 to 100;

— sliding velocity: between tooth surfaces from 0,1 m/s to 25:m/s for wear;
— shaftjangle: of 90°;

— accurjacy grade: the worm accuracy grade (according to DIN 3974) should be specified to be
accurpcy grade better than wheel;

— wornj materials:

— cqse hardened steels, case hardened\(HRC = 58 to 62);

— t:[rough hardened steels, flame-.or induction hardened (HRC = 50 to 56);

— the calculation procedurés atre based on experiments carried out with worms made of 16Mn
dase hardened), no studies having been carried out for other materials yet. However, in the ¢
of sufficient surface hardness (as above), hardness penetration depth, core hardness and corr
heat treatment, the“calculation procedures of the above-mentioned materials can be used;

)

— ofher materials and heat treatments (such as nitriding steels, gas nitrided) can be used w
illfficient experience in accordance with method A;
wor

wheel materials: material and notes based on experience which are as listed in Tabl
should be used;

nd

to
of
nd

ne

Lr5
hse
pct

ith

9%
(O8]

NOTE Other materials not listed in Table 3 can be used.

— centre distance:

— for temperature calculation (wear, pitting) the range is from 60 mm up to 500 mm centre

distance;

— for other criteria (pitting, tooth breakage) the range is between 50 mm up to 500 mm centre

distance.
— lubricants:

— mild additive CLP-oils according to ISO 6743-6;
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compounded oils (steam cylinder oils), no test results available, included as a mineral oil in this

The calculations are based essentially on studies carried out with I-worm gears. The results have been
converted to worm gears with other flank forms by means of similarity considerations.

co
b

C
N(
N(

hsistent. For the determination of grain size;@ minimum of 50 grains is needed to be observed on the area of ad
Forged aluminium bronze can be treated\ike GZ-CuAI10Ni.
Forged phosphor bronze can be treated like GZ-CuSn12.

TE1 See EN 1982, EN 1563 and.EN 1561 for the material designation.

TE 2 For low sliding velocities, Vg < 0,5m/s.

Table 3 — Common worm wheel materials
Worm 16MnCr5 case hardened
material
Wheel material | GZ-CuSn12a¢| GZ-CuSn- GC-CuSn- GZ-CuAl- GJS-400-15 GJL-250
12Ni22 12Ni2 10Nij2b
Bronze Nickel bronze |Nickel bronze| Aluminium | Spheroidal Grey cast
bronze graphite cast iron
iron
Wear + + + 0 o} o}
Pifting + + + Q - -
Topth Breakage + + - + + +
Temperature + + + + - -
Kay
+ | covered study available
o | limited study
- | empirical values
a | Bronze should be homogenous and free from blow holes in the gearing region. Average grain size <15( pm. Grain
siZe variation may have a significant influence en(the capacity, resulting in variation of 20 % or more, if not naintained

tive flanks.

4.¢ System considerations

In
vil

4.’

this documeént“no attempt is made to address complete drive systems, backdriving,
rations, critical speeds or other types of vibrations which may affect the operation of wort

 Calculation methods A, B, C

torsional
n gears.

4.

.1 Generality on methods A, B and C

4.7.1.1 General

This document contains influential factors based on research results and operational experiences. The
factors are differentiated with reference to:

a)

b)

Factors which are concerned with meshing geometry or compatibility shall be calculated using

given formulae.

Factors which are multi-influenced, or are independent of each other (which do not however affect
each other), or both. These include factors which affect an influence on the permitted stress.

© IS0 2020 - All rights reserved
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The factors can be determined by different methods which are, where necessary, characterised by
additional parameters A to C. Method A is more precise than B and so on. It is recommended to use
the most precise method. With important operations, the method used should be agreed upon by the
manufacturer and the purchaser.

4.7.1.2

Method A

Here the factor is determined through exact measurement, extensive mathematical analysis of the
transfer system or existing operational experiences. Because of this, all gear and loading data shall
be known.

4.7.1.3

The facto|

L’Iethod B

Is are determined by a method which, for most applications, is sufficiently precise. T

assumptigns under which they are developed are stated. In determining a specific factor,theapplicat
shall be wjithin the range of the given assumptions.

4.7.1.4
For some

which the
range of t

4.72 N

Method C
factors additional simplified approximation procedures are specified. The assumptions un

y are developed are stated. In determining a specific factor, the application shall be within
e given assumptions.

btes on numerical formulae

The formulae specified in this document shall be calculated in the specified units (see Table 1).

4.7.3 Base conditions, interaction

— Wear

This procedure is in accordance with thednvestigation described in Reference [23] and is based

pract

cal experience.

— Pittinjg damage:
The Iocedure follows the investigation described in Reference [30] and takes into considerat

pract
pittin

cal experience. The Hertzian stress is an essential influencing variable to the physics caus
development, in addition to this however, other influences are also of importance e.g.

tangential forces and“the effects of slip and roll movement. These additional influences are

consiflered here, therefore, the limiting value of the load capacity (surface stress values) sho
be deyeloped threuigh tests on worm gears or through evaluation of relevant operational resu
Allowfable valtes, resulting from specimen examination (e.g. disk tests), only allow for relat
statenents-and may only be used for the load capacity calculation if scientific investigation of t

man

r has been completed.

he
on

ler
he

on

on
ng
he
not
11d

ive
his

— Interaction between scuffing and wear:

Short term scuffing incurred by bronze wheels can be "healed". This healing is only possible
through wear, however this document does not provide estimations for this wear behaviour.

— Interaction between wear and pitting:

It is known from practical testing that pitting development can be stabilised by increased wear.
Pitting can also be stopped through continual wear.

At higher wear intensities, that is when the wear capacity limits the life endurance, pitting is a
secondary consideration. Alternatively with higher pitting, wear is not the limiting criteria.

12
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— Interaction between wear and tooth breakage:

The calculation of the tooth breakage factor takes into account that the tooth thickness of the worm
wheel is decreased by wear.

4.7.4 Other notes
Calculated load capacities are valid for the following conditions:

— continuous operation,

—| constantloading,
— | correct alignment,
—| the contact area width approaches the full facewidth after running in.

Alllother loaded conditions are outside the scope of this document.

4.8 Standard reference gear

With certain calculation procedures the absolute calculating formulae are similar to thle relative
calculating formulae. If the adopted sizes of the corresponding standard reference gear (supscript T)

shall be employed, the relative calculating formulae can be~transferred to the absolute dalculating
fojmulae (see Table 4).
Table 4 — Main data from the standard reference gear
Centre distance ay 100 mm
Gear ratio uy 20,5
Worm reference diameter d, ;7 36 mm
Worm wheel reference diameterd,, ;¢ 164 mm
Parameter for mean Hertzian'stress p* 0,92 (Formula (53))
Parameter for mean lubricant film thickness h* 0,07 (Formula (55))
Parameter for mean sliding path s* 30,8 (Formula (59))
Worm material 16MnCr5 case hardened
Wheel material GZ-CuSn12Ni2
Lubricant density 1,048 kg/dm3
Flank form I (ISO/TR 10828)
Normalpressure angle 20°
Worm surface roughness Ra, 0,5 um
Equivalent modulus of elasticity E 4 150 622 N/mm?

5 Required date for calculation

5.1 Inputvariable

For the calculation, the following variables shall be known.
Geometry data:

— Center distance, a

— Effective wheel facewidth, b, see ISO/TR 10828:2015, Figure 4
— Wheel rim width, b,p, see ISO/TR 10828:2015, Figure 4
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Loading:

In order

Reference diameter, d,. ., d

m1’ “m2

Axial module of the worm, m 4
diameter quotient, q,

Number of teeth, zy, z,

Worm wheel profile shift coefficient, x,

Normal pressure angle, a,

Profille flank form, (A, N, K, I, C)

Worn) wheel outside diameter, d,,

Rim thickness, s, see Figure 6

Wornj tip diameter, d,;

Worn) thread thickness in axial section coefficient, s ¢*

Accurjacy grade of pitch deviation by analogy with DIN 3974

Root fliameter d,

Nomipal output torque, T,y
Appligation factor, K,
Rotatjonal speed of worm, n,
Life time, L,

Number of start per hour, Ng

also necessary:

To

14

Worn} and wheel material
Lubrifant data p;;, V4g-160
Type pf oil: mineraloil/polyglycol

Type pf lubrication: splash or spray lubrication

Roughness'of the worm flanks, Ra;

fo calculate the efficiency,.the power loss and the wear and pitting safety factors gre

| . | 1 1
Immersedornmotimmersed-wormwheet

Type of bearing at the worm: located — non-located bearing; adjusted bearing

Number of sealing rings at the worm
Housing with fan or housing without fan
Ambient temperature, 6,

calculate the deflection safety factor:

Worm bearing spacing, Iy, or I;4, 11,
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5.2 Safety factors

Safety factors (calculated) are differentiated according to wear, Sy, pitting, Sy, deflection, S5, tooth
breakage, Sp and maximum temperature, St. The defined minimum safety factors, Sy, Sy, S5 Sp and St
shall not be reduced below values given in this document.

The safety factors shall be chosen after careful consideration of the following influences:
— how safe are the assumptions of the load concerned;

— how safe are the assumptions of the operating conditions concerned;

—| what are the consequences of damage.

H

—

rher safety factors may be agreed between manufacturer and purchaser.

6 | Forces, speeds and parameters for the calculation of stresses

6.1 General

For the calculation of load capacity, the following forces, speeds and parameters are required. They are
used to describe stress mechanisms for both tooth flank and toothroot.

All forces transferred to the gear shall be compiled as accumately as possible, when calculatipg the net
applied force.

When calculating the tooth forces, both the external and internal influences shall be taken info account
in pccordance with 6.2.1 and ISO 6336-6.

6.2 Tooth forces

6.2.1 Application factor

Th application factor, K,, shall consider all forces externally introduced to the gear, in addition to the
nominal forces described in 6.2.2: These extra forces depend on the driving machine characteristics
anfl driven machine characteristics, the masses and elasticities in the output and drive |lines (e.g.
frgm shafts and clutches) @nd operating conditions. Guide values for K, can be found in ISO $336-6. In
some circumstances it may be useful to calculate the tooth force components with nominal §orque, for
example for shaft or.b€aring calculations, in which case the application factor should be eqpal to 1 in

Formulae (1) and (2],

6.2.2 Dynamiic factor

Intlzrnal influences are covered by factor K,

The‘measurement of the tooth root stresses at different circumferential velocities (w,) has|indicated
that the amount of internally generated dynamic loads can be neglected (K, = 1).

6.2.3 Load distribution factor
Influences of load distribution are covered by factors Ky and Ky

The methods within this document assume that the worm gear has been accurately manufactured and
run-in, such that there is an even load distribution over the face width (along the contact lines) and
there is an even load distribution over the tooth flanks in mesh (K, = Kyg = 1).

Variable torque, which results in varying worm deflections, however, may result in non-uniform load
distribution along the contact lines with correspondingly increased wear during gear operation. In
order to keep this effect to a minimum, a deflection safety factor is required (see Clause 10).
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6.2.4 Tooth force components

The torques required for the calculations of the following forces shall be calculated from the nominal
input and output torques as follows:

T, =T,xKa (1)
T, =T,y K (2)
The basis wa tho load caonacibyy coloplabiny 1o thn votnd +on of tha drivan oo o hina 1z hich 3¢ —he

T CIICToTOt COapatIty  COrCuUratIUIT 19— cc ot toTr oo trrC— O rv CTr 11t TICTITIT Ty VvV IIICTIT 1T

operationpl torque for the heaviest working conditions. The nominal torque can also be taken fromjthe
motor prqvided that this torque corresponds with the permissible torque of the driven machine; i this
is not the fase another sensible definition should be chosen.

The tangepntial, axial and radial forces, F 1,2, Fym1,2, Frm1,2» acting on the worm and wheehare shownj in
Figure 2.

Frm1=‘Frm2

Fimz==Fm

Figure 2 — Tooth load components

Worm driving the worm wheel:

If the calculation of tooth components with nominal torque is required, the application factor effect
shall be removed from Formulae (3) to (8).

F._ . =2000 h 2000 % F (3)
tml ~ B v T 2
" dpq ding Mges U o
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TZ
Fymy =2 000-—2-=2000-—£=—=—F

tm2 xm1

m2 ma2

with 74 according to Formula (35)

tan oy

F s
S0 (Y g +P,)

rm1 =_FrmZ =

with: p, = arctan(u,,,,)

:2020(E)

(4)

(5)

U, according to Formula (48)

Wo¢rm wheel driving the worm:

NO|

6.3

es

T, T,n
—2000—1_—2000.2_"8% __F

thl d .- Xm2
ml ml
T, T, u
thZ =2 OOOd—=2 000'ﬁ=—Fxm1
m2 m2 7 ges
ith 4.  according to Formula (36)
F F P tanan
rm2~ “rml” "tm2 COS('}’ml _pz)
TE The relationship between input and output torque can be derived from Formulae (3) an|

rm is driving or Formulae (6) and (7) if the worm is driven.

3 Sliding velocity at reference diameéter

Due to the mostly large slip components.in the circumferential direction, to calculate the loa

iti

6.4

6.4

In

s sufficient to use the sliding velocity’at the reference diameter v, in flank direction:

d

ml

_ !
y =—/
& 19098-cosy,

.4 Physical parameters

.1  Generality on physical parameters

..1.1 General

brder to judge the capacity of worm gears, three non-dimensional parameters based on the

of

he’gears are defined and called physical parameters. These physical parameters are p

(6)

(7)

(8)

d (4) if the

d capacity

9

geometry

[, for the
n

mean Hertzian stress, h*, for the mean lubricant film thickness, and s, for the mean sliding path. Since
these physical parameters are dependent only on the geometry of the gears, size, loading and lubricant
do not influence them. See Annex A and References [23] and [31] for description of their derivations.

Th
NO
NO

NO

e physical parameters are derived according to methods A, B and C.
TE1 The use of method C does not eliminate the need to check that proper gear mesh occurs.
TE2 A, I NandK profiles of worms are considered as a unique profile.

TE3  Method Cis based on mathematical approximation to established Formulae (11) to (18).
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6.4.1.2 Method A

Currently there is no method to derive the physical parameters directly from experimental data or
measurement of part dimensions.

6.4.1.3 Method B

The physical parameters are derived using numerical methods; for the basis of these parameters 6.4.2
and 6.4.3 and Annexes B, C, D, E and F shall be used. See also References [31] and [35].

6.4.1.4 Method C

NOTE Solutions for the physical parameters can be obtained through approximation formulae™ from
computer + programming according to References [20], [31] and [35].

The formuilae apply to flank form I but can also be used in an approximate manner for tooth formg K,
A and N. [(he approximation formulae for C-worm drives are derived from Referenee [24] and frpm
operationpl experience. The approximation formulae indicated in 6.4.2, 6.4.3 and-6.4.4 shall apply] to
[-worm difives with a,, = 18 to 22°,x, =-0,5to +1, h,,,; + h > = 2 - m,4, C-worm drives with a, = 20 to 34°,
x,=0to H0,5, h,pq + hypp ® 2 - myy and p/m = 5to 7.

For | — Wprmdrive, the approximation formulae shall only be applied when'the base diameter is smaller
than the rpot diameter.

The apprdximation formulae are only valid for a worm wheel facewidth of:
2
bZH,stc =My, [ CI% _(ql _3) +1j (10)

For a smaller worm wheel face width the physical\parameters pr*n and h* are on the unsafe side.

Therefore higher safety factors for wear and pitting shall be used or the physical parameters p:n and h*
shall be cdlculated according Method B.

6.4.2 Parameter for the mean Hertzian stress

6.4.2.1 |General
The mean|Hertzian stress is aparameter of essential importance to the flank loading (see 4.7.3).

For critichl applications~(such as cranes, lifts, high precision gear set for rotary table and robqtic
application), method Bls-recommended for contact pressure calculation.

6.4.2.2 arameter for the mean Hertzian stress — Method A

A parameter-which describes the complex relationships between Hertzian stress and flank load|ng
cannot belgivenatthe moment

6.4.2.3 Parameter for the mean Hertzian stress — Method B

The mean Hertzian stress used for the determination of the parameter is calculated by means of a
computer program e.g. according to References [20], [31] and [35] under the assumption of the equal
Hertzian pressure for all simultaneously meshed contact lines. The procedure is to define the contact
and then find the curvature radii at the flanks on specific contact line sections. The Hertzian stress
can be derived from equivalent cylinders along the contact lines. In each meshing zone more than one
tooth is engaged. The Hertzian contact stress along these contact lines are assumed constant. The mean
Hertzian stress py,,,, is thus derived from all Hertzian stresses from all the meshing zones.
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The Hertzian stress shall be used in the development of the non-dimensional parameter, p;. This
Hertzian stress parameter is only dependant on the gear tooth geometry and is independent of the
modulus of elasticity (E-module), material used and centre distance (size). The parameter, p:n, is used

in Formula (19) for the derivation of the mean contact stress oy,,. For details of calculation of this
parameter, Annex B shall be used.

6.4.2.4 Parameter for the mean Hertzian stress — Method C

From calculations according to method B a useful non-dimensional parameter for the mean Hertzian
strjess, p:ﬂ is derived.

For I, N, K, A worm drives:

* a 3,18
P =0,179 4+0,238 9——+0,076 1.x, %,[ +0,053 6-; —0,003 69-z,
ml
(11)
X, +0,005 657 ( z, °°?
~0,01136-0r, +44,981 42— ~L
Z) q
For C-worm drives:
* 0,140 140,186 6-—2—+0,059 5 318 10,041 9:4, 0,002 88
Pm =Y +9, I Xy %, [ 40, 7Y "z
m1l
(12)

1
For worm wheel with smaller facewidth than.bgy g, p:ﬂ shall be modified with the following|formulae:

x,+0,005 657 ( z, }%87°
~0,008 9-, +35,141 7-2——— "

%
P =P 1,

2 2 2
14-byy _(28'b2H,std Ty )'bzﬂ +300-mygy +14-byy (g +byy g My
fp= 2
300-m2,

(13)

Thiis formula is only valid for (byy gq = 2,5 Myq) < boy < byy sea-

For smaller value thaw(b,y s¢q - 2,5 my,), Method B shall be used. For higher value than by o4, f, = 1
shall be used.

6.4.3 Parameter for the mean lubricant film thickness

6.4.3.1 \“General

Tlﬂ wWaan Lol oo + il thaclemacc 1o o o
e ot roorCatc i eI eSST5apo

load capacity and the efficiency.

Hon-of the flank

6.4.3.2 Parameter for the mean lubricant film thickness — Method A

A parameter which describes the complex relationship between changeable lubricant film thickness
above the meshing zone and flank loading cannot be given at the moment.

6.4.3.3 Parameter for the mean lubricant film thickness — Method B

The mean minimum lubricant film thickness, h_;, ,,, is derived by means of computer programming
(see References [20], [31] and [35]) based on a method from Dowson and Higginson[lZl. The tooth flanks
shall be replaced in sections along the specific contact lines by rolling cylinders that are equivalent
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to the flank curvature. Taking into account the velocity relationships, the Hertzian stress and the
lubricant properties, the minimum lubricant film thickness, h;, ,, for specific roll sections can be
calculated using Reference [15]. The mean minimum lubricant film thickness can now be found from
the mean value of all the minimum lubricant film thicknesses for all contact points. From the minimum
mean lubricant film thickness a non-dimensional parameter, h* for the lubricant film thickness shall be
determined. This parameter is only dependant on the gearing geometry. It is independent from centre
distance (size), velocity, rate of revolutions, lubricant and loading. The relationship between h* and
h is shown by Formula (21). Annex C shall be used for details of calculation.

min m

6.4.3.4 Parameter for the mean lubricant film thickness — Method C

From calqulations according to method B, a useful non-dimensional parameter for the mean lubrjeant
film thickpess, h*, is derived.

For I, N, K| A worm drives:

n

h*=—0,393+2,915 7106 (2, ) "7 .q20%95.(7,947.1077 .x, +5,927-1075)

P

Z Z
1-0,038-q; )-q, +65,576)-((108,854 7~—1—1}—1—3 294,921} (14)
qq qq

~( 3,291-1073 -B+1)-B—13 064,58)

with B:\ 6'mxl “m1 _9'(mxl )2 +my,
For C-worjm drives:

h*=—0,511+3,790 41076 (z,) %7009 5 (7,947:107 -x, +5,927-10°5 )

n

Z Z
((1-0,038-q; )-q, +65,576)-[[108,854 71 }—1—3 294,921] (15)
q1 qq

: (3,291-10—3-B+1)-B—13 064,58)

with B=[6-m , -d_; —9-(m,, )2 +My
For worm|wheel with a smaller facewidth than b,y 4, h*shall be modified with the following formulge:

h =h| f,

2 2 2
f= By +(4 Bsisea Myt ) Ban +75 M1 ~2 By 514 Dot sta Mo 16)
=

2
75-mXl

This formplaeis only valid for (b,y g¢q = 2,5 Myy) < by < byy gig-

For smaller value than (byy g - 2,5 myq), Method B shall be used. For higher value than b,y 4, f, = 1
shall be used.

6.4.4 Parameter for the mean sliding path

6.4.4.1 General

The sliding path of a contact point of the worm flank within the width of Hertzian flattening is a
parameter of essential importance to the flank load.
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6.4.4.2 Parameter for the mean sliding path — Method A

A parameter which describes exactly the complex relationship between changeable sliding path above
the meshing zone and flank loading cannot be given at the moment.

6.4.4.3 Parameter for the mean sliding path — Method B

The sliding path, s,p, is the sliding path of a point on the worm flank within the width of Hertzian
flattening. On the gasis of local s,5 values, the arithmetical mean value from all contact lines in the
meshing zone shall be calculated. This is calculated by computer programming (see References [20],
[3famd3513:

Onf this basis a non-dimensional parameter, s* is defined for the sliding path according/tq Annex D,
which shall be used for details of calculation.

6.4.4.4 Parameter for the mean sliding path — Method C

From calculations according to method B, a useful non-dimensional parameter for the mean sliding
path s* for common dimensions, is derived.

For I, N, K, A worm drives:

s*=0,78+0,21-u+5,6 /tany, (17)

For C-worm drives:

$*=0,94+0,25-u+6,7 /tany, (18)

6.5 Calculation of mean contact stress

Mgan contact stress oy, corresponding to'6.4.2:

0,5
4| Py *'TZ’103 'Ered
= 19
T [ a3 (19)

GHm

Thee parameter for mean.contact stress p:n, shall be derived according to 6.4.2 (method B or ().
Equivalent modulus ef-elasticity:

5 2
4 (asvi)/E +(1-v3) /B

(20)

For diffezent material combinations the modulus of elasticity, Poisson ratio and the equivalent modulus
of elasticity, E,..4, are given in Table 5.
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Table 5 — Modulus of elasticity and cross sectional contraction parameter for wheel materials

Wheel material GZ-CuSn12 GZ-CuSn12Ni2 | GZ-CuAl10Ni GJS-400-15 GJL-250
GC-CuSn12Ni2
Bronze Nickel bronze Aluminium Spheroidal Grey castiron
bronze graphite cast
iron

E, [N/mm2} 33300 98 100 122 600 175000 93 100
vy [-] 0,35 0,35 0,35 0,30 0,30
E g [N/mm?] 140 114 150 622 174 053 209 790 146,955
NOTZE Se((aJ F;;aference [33], equivalent modulus of elasticity E..4 for the combination with a steel worm (£,'=210 000N/
mm?, vy = (,3).

6.6 Calculation of mean lubricant film thickness

With some simplifications according to Annex C (see Reference [15]), the following applies:

0,7 0,7 1,39 0,03

oM nl a Ered ()1)
70,13 i
2

0,6
C .
hminrr =21.h*. ¢ n

(for units,see Clause 3)

The parameter for the lubricant film thickness h* shall (pe determined in accordance with 6.4.3
(method B or C).

Here, the| mostly unknown pressure viscosity exponent, a, shall be replaced by an approximated
constant, f,, which is a function of the oil type:

— for mineral oils or compounded oils:

¢,=1{7-108 in  m?/N (22)
— for pdlyalphaolefines:

¢, =1{410% in mZ%/N (23)
— for pdlyglycols:

¢, =1{3:108 {in  m?/N (24)

The dynallnic viscosity, nyy, at ambient pressure, p,, and wheel bulk temperature, 6

Mom =Vm " Poitm /1 000 (25)

The kinematic viscosity, vy, can be determined either by Formula (32) or from the viscosity-
temperature characteristic line of the lubricant at the wheel bulk temperature 6, (see Clause 13 for the
determination of the wheel bulk temperature 6),).

The lubricant density, p;, at the wheel bulk temperature, 6y, shall be (see Reference [29]):

Poitv =Poilns / (1+k-(6y —15)) (26)

Where p;;15 is the density of the lubricant at 15 °C (from the data sheet of the oil manufacturer).
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Lubricant constant for mineral oils or compounded oils:

k=7,0-10"% (27)

Lubricant constant for polyalphaolefines:

k=7,6-10"% (28)

Lubricant constant for polyglycols:

k=7,7-107% (29)

6.7 Calculation of the wear path

Thie wear path sy, is calculated from the number of stress cycles of the wheel ¥; and the sliding path of
th¢ worm within the contact zone on the wheel flank:

Oy

-a
m__N, (30)

red

*
Swm =Sgm Ny =s" -

Thle parameter for the mean sliding path, s* shall be~determined in accordance with 6.4.4
(mlethods B or C).

Number of stress cycles of the wheel N, for the life expéetancy, L, :
n, -60

Ny =Ly = (31)

6.8 Calculation of the lubricant Kirtematic viscosity

The lubricant kinematic viscosity, Vv, for an oil temperature, 6, between 0,1 °C and 100 °C shall be
calculated from the kinematic viscosity, v,, at 40 °C and the kinematic viscosity, v;(, at 100 {C:

ve =1010A-10g(19+273)+3 _0’7 (32)

with

log( log (v, +0,7) ]
A_

10g(V1p0+0,7)

33
lo 313 >
8373

B=log(log(v,,+0.7))-A-log(313) (34)

7 Efficiency and power loss

7.1 General

The efficiency or power loss is needed for the calculation of tooth force components and checking of the
temperature safety factor (See Annex I).
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7.2 Tot

al efficiency

7.2.1 Method A

Determination of the total efficiency from measurements of the total power loss at operating conditions
at the actual gear.

7.2.2 MethodB

Total efficiency (worm driving wheel):

ngesl—Z:PZ/(P2+PV):<P1 ~Ry)/P, (d

Total effigiency (wheel driving worm):

”ges2—1:P1/(P1+Pv)=(P2_Pv)/P2 (3

The total

7.3 Tot

power loss Py shall be derived as is stipulated in 7.3 (method B or C);

al power loss

7.3.1 Methods of calculation

7.3.1.1

Method A

Measurenpent of the total power loss at the actual gear.

7.3.1.2

The total

Method B

power loss, Py, shall be calculated as‘fellows:

Py =R, +Fhyo+Ryp+hyp (3

If the relationship between the meshing power loss and the oil sump temperature is known fr
previous tests, the meshing powerless, Py, shall be calculated from the measured oil sump temperaty

The idle running power loss, Py, cannot, to a satisfactory degree of accuracy, be defined by a sim

calculatio
cause of u

The beari
manufact

h appropriate to-a method B calculation. The dependence on viscosity in particular is
hcertainty. Thus, method C shall be used for the determination of Py,

hg load.power losses, Py, p, can be calculated with calculation procedures from the bear
irer.

b5)

b6)

7)

DIM

ple
he

ng

The sealifjg-power loss, Py, can be calculated with calculation procedures from the seal manufactuj

7.3.1.3

er.

Method C

The total power loss, Py, shall be derived from Formula (37). The derivation of the meshing power loss,
Py,, shall be according to 7.5, the idle running power loss, Py, shall be according to 7.3.2, the bearing load
power loss, Py, p, shall be according to 7.3.3 and the sealing power loss, Py, shall be according to 7.3.4.

NOTE

24

For more precise calculation on power losses in bearings, seals, ISO/TR 14179-2 can be used.
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7.3.2 Idle running power loss

Th

e idle running power loss shall be (see Reference [26]):

_ 4/3
P;,=0,89-10~*-a-n}’

Formula (38) is based on Formula (39):

_ -2 4 4/3
P,,=0,89-10"2.—n}

a

(38)

(39)

1

7.3.3 Bearing load power loss

Th

Fo

e bearing power loss, Py, p, of a complete gear set due to the bearing load shall bef(see Refer¢

roller bearings):

_ 0,44 U
Py p=0,03-P,-q 04+

m2

For located — non-located bearing arrangement:

_ 0,44 U
Py p=0,013-P,-q 04—

m2

'mulae (40) and (41) are based on Formulae (42)and (43):

Fo

Fo

For

an adjusted bearing arrangement:

0,44
a ) u dyor

ap up  digo

P, =0,028-P, [

- a located — non-located bearing arrangement:

0,44
a ] u dmZT

ag up dy,

Pyp=0,012-P, [

a sliding bearing the power loss can be calculated according to the relevant

(sge Bibliography\[35]).

7.3.4 Sealing power loss

Fo

" typical applications the following formulae shall be used.

bnce [26]):

For adjusted bearing arrangement with defined axial clearance (such as straddle mounted taper

(40)

(41)

(42)

(43)

literature

Power loss per lip:

— -6 .2
Py, =11,781076-d2  -n,

Formula (44) is based on Formula (45):

3 dzl

_ — m

Py, =15,3-10 S
mlT

The power loss at the seals on the worm wheel shaft can be neglected.

©lI
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7.3.5 Adaptation of the calculation procedure to a specific test

In the case where measurements of power losses are available, the above-mentioned calculation
procedures can be adapted. The values for the standard reference gears in the formulae shall be
replaced by the corresponding test gear values. The constants shall be adapted to these measurements.

7.4 Gear efficiency

7.4.1 Efficiency calculation

7.4.1.1 [General

The gear ¢fficiency is needed for the calculation of the meshing power loss, see 7.5.

7.4.1.2 Method A

The gear ¢fficiency is derived from the meshing power loss as stipulated in 7.5, method A.

7.4.1.3 Method B

Determingtion of the gear efficiency according to the formulae in methéd C using the total measufed
total powpr loss for the corresponding material-lubricant combination in the original housing ungler
operating|conditions.

7.4.1.4 MethodC

Gear efficlency 11, (worm driving the wheel):

tany, .,

B 46

Mz1-2 tan(y,, +arctany, ) (te)
Gear efficlency 1,,4 (wheel driving the worny:

tan(y, , —arc tany, )
Nz | mltan - 47)
Ym1

Mean tooth coefficient of friction:

Ham =Hor Y5 Yo Yy IR (48)

The calculation of thefbase coefficient of friction, yy, shall be according to 7.4.2, the size factor, Y, shall
be accord|ng to Z4.3, the geometry factor, Y, shall be according to 7.4.4, the material factor, Yy, shalllbe
according|to 7Z4/5, and the roughness factor, Yy, shall be according to 7.4.6.

7.4.2 Base coelficient of Iriction, /i, of the standard reference gear

The base coefficient of friction, p, is a function of the oil type. It shall be taken from Figure 3 or derived
by the following formulae:
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0,2 0,12
0,15 0,10
0,08
0,1 —i 1
0,06
0,08 e '
006 N 1
’ \< 0,04
0,04 _
2 \\5. 2 \‘
N T 3 S —
S~ 0,02 —
0,02 T — ’
-
]
0'0303 01 02 04 1 2 4 611015 001
=
0305 O 2 0, 8 X 00501 02 04 1 2 4~6 13 Y

a) Allkind of bronze wheels
with spray lubrication

Y

m/s

b) All kind of brgnze wheels
with dip lubrication

0,12 |

0,10
0,08 x
0,06 \

mean sliding velocity, v,
basic coefficient of friction, tyr

X

Y

1 | lubrication withgnineral oil

2 | lubrication with polyalphaolefin
3

lubrication with polyglycol

NOTE

N
AN
0,04 §\\\§
2
0,02
0,01
005 01, 2 04 1

c)~Wheels made of grey cast iron

4 6 15
m/s X

Polyglycol with aluminium bronze is not applicable due to chemical incompatibility.

Figllrp 3 — Base coefficient of ﬁ'irfinn, Hepr ofthe standard reference gear
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For bronze wheels, spray lubrication with mineral oil:

Hor =0,028+0,026~;076S0,1 (49)
(vg+0,17)"
For bronze wheels, spray lubrication with polyalphaolefin:
Mo =0,026+0,017-;092S0,096 (50)
(vg+0,17)
For bronzgwhreets; spray tubricatiomwithpotygtycot:
uOT:J,02+O,02-;097£0,094 (k1)
(vg+0,2)"
For bronzg wheels, dip lubrication with mineral oil:
My =P,033+0,007 9~;15530,1 ($2)
(vg+0,2)"
For bronzp wheels, dip lubrication with polyalphaolefin:
1 )
Mot =P,027+0,005 6-—163SO,096 (53)
(vg+0,15)"

For bronzp wheels, dip lubrication with polyglycol:

1

My =P,024+0,003 2-—171S0,094 (54)
(vg+0,1)"
For grey dast iron wheels, lubrication with minerahpoil or polyalphaolefin:
1 A
Hor = ),055+0,015-—087S0,1 (55)
(vg+0,2)"
For grey dast iron wheels, lubrication.with polyglycol:
Hor = 3,034+0,015-;097$0,1 (56)
(vg0719)”

with v, acpording to Foriula (9).

7.4.3 Size factor

The size factoer (see Reference [23]) shall take into account the influence of centre distance:

Y =1,24foru=<65Tmm t57)

Ys =(100/a)0‘5 for 65 mm < a <250 mm
Y;=0,632 fora > 250 mm

See Annex G for additional information
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Formula (57) is based on Formula (58):

Ys=(ay /a)’® (58)

7.4.4 Geometry factor

The geometry factor (see Reference [23]) shall take in to account the influence of the gear geometry to
the lubricant film thickness:

0.5

Y =(0,077R)" (59)

with h* according to 6.4.3.
Formula (59) is based on Formula (60):

¥o=(i /) (60)

7.4.5 Material factor

Thle material factor (see Reference [30]) shall take into accountthe influence of the wheel mdterial, see
Table 6.

Table 6 — MaterialMfactor Yy,

Wheel GZ-CuSn12 GZ-CuSn12Ni2 GZ-CuAl10Ni GJS-400-15 GJL-250
material GC-CuSn12Ni2
Bronze Nickel bronze Aluminium Spheroidal Grey ¢ast iron
bronze graphite cast
iron
Factor Yy 1,0 0,95 1,1 1,0 1,05

7.4.6 Roughness factor

The roughness factor (see Reference [33]) shall take in to account the influence of the surface roughness
of the worm flanks:

Ra1

Y, =% 61
R 055 (61)
Formula (6%) is based on Formula (62):
r 4 Ral 62
IR ™ ( )
RaT

In case the arithmetic mean roughness, Ra,, of the worm is not known but the mean roughness depth,
Rz,, is, a valid approximation is Ra; = Rz /6.

NOTE The roughness of worm is measured in radial direction of the worm, near the mean cylinder (d,,4),
according to ISO/TR 10064-4.

7.4.7 Adaptation of the calculation procedure to a specific test

In the case where some of the coefficients of friction are already available (see Reference [28]), the
above-mentioned calculation procedures can be adapted. In this case, the values given for the
coefficients of friction, uyr, shall be replaced by the corresponding derived test friction coefficients. The
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geometry factor, size factor and roughness factor are now valid for the relationship of the practical test
gear (subscript T).

7.5 Meshing power loss

7.5.1 Method A

This method is based on the direct measurement of power loss or calculations using a coefficient of
friction that was calculated from measurements on similar gears (see Reference [28]).

7.5.2 MIethod B
Determingtion of the meshing power loss from the measured total power loss for the corresponding

material-lubricant combinations in the original housing under operating conditions minus‘the losfes
according|to 7.3.

7.5.3 Nlethod C
Derivation from the gear efficiency. Meshing power loss, Py, ;.,, with the wormdriving the worm whgel:

0,1-T,-n 1 i
Fy1o= . 1'[ —1] (63)

u Nz71-2
with 14, ,laccording to Formula (46).

Meshing gower loss, Py, 1, with the wheel driving the wormg

0,1.T,-n 1 |
Fyza 4|~ 2 L. -1 (64)
u N721

with 1, 4[according to Formula (47).

8 Wear load capacity

8.1 General

Through wear, i.e. continual-mass loss, the tooth thickness is decreased. With increasing wear, the
danger ofjone of the safety-limits stated in 8.4 being violated also increases. In most danger is the pprt
with the lpwest flank hardness, usually the wheel flanks.

8.2 Wear safety.factor

The following'method assumes that the contact area width approaches the full facewidth after runnjng
in. Wear load capacity method is independent of the pitting capacity without consideration of dny
correlation.

The safety against wear shall be defined as follows:

Sw =5W limn /6Wn Z5W min (65)

The limiting flank loss, 6y i, n» Shall be according to 8.4, the expected wear (flank loss in normal &yy,)
shall be according to 8.3.
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Minimum safety factor:

SW min =11 (66)

It may be necessary for C worm drives to use a higher minimum safety factor.

8.3 Expected wear

8.3.1 Method A

Difect measurements of gear sets under operating conditions resulting in a realistic estithation of the
wear process.

8.3.2 Methods B, C

In falculating the flank loss, &yy,, the physical parameters, p:n, h* and s*, are required. Thege shall be
catulated as stipulated in 6.4.2 (p; ), 6.4.3 (h*) and 6.4.4 (s¥).

The following procedure describing the derivation of 6y, is based on extensive tests (see Refergnce [23]).
In pprinciple this procedure only applies to the material-lubricant-combinations that were t¢sted, and
evén for these combinations a scatter factor of 2 is normal for the wear. For the combinations|not listed,
the¢ procedure can only provide a rough approximation. See Annex E for further notes on this procedure.
Flgnk loss due to wear, éyy,,, of the wheel flank in the normal plane:

Swn =Jw Swm (67)
The wear path, sy,,,, shall be calculated with®ormulae (30) to (31) and the wear intensity, J,;, with
Formula (68) . The material-lubricant factor, W), shall be according to Table 7 and takes info account
the influence of the combined effects of thie wheel material and lubricant to the wear behayiour (see
References [26] and [27]).

Wegar intensity, [y

Jw =Jor WL Wis (68)
The reference wear intensity, /o, shall be as given in or derived by Formulae (69) to (79) (see|Figure 4).
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For bronze wheels, spray lubrication with additive mineral oil:

Jop =2,410711 .k 31 <400-107 (69)
For bronze wheels, spray lubrication with polyalphaolefines:

Jop =318:10712 g 2 (70)
For bronze wheels, spray lubrication with polyglycol:

Jop =127-10712. K 7 (Yo
For bronzg wheels, dip lubrication with additive mineral oil:

Jor =6,510711 K268 <400.10-° (72)
For bronzg wheels, dip lubrication with polyalphaolefin:
For bronzp wheels, dip lubrication with polyglycol:

Jor =223-10712. g 191 (74)
NOTE For Formulae (75) to (79) either spray or dip lubrieation can be applied.
For alumihium bronze wheels, lubrication with additive mineral oil:

Jor =5,45:107% K, *3 <400-10~° (75)
For alumipium bronze wheels, lubrication with polyalphaolefin:

Jor =16,6:102 K17 (fe)
For grey dast iron wheels, lJubrication with additive mineral oil:

Jor =0,09-10~° -K337'<400-10~° (17)
For grey dast irah.wheels, lubrication with polyalphaolefin:

Jor =0.09-10-% K37 <400-10~° (78)
For grey cast iron wheels, lubrication with polyglycol:

Jop =0,58:107% K =8 (79)
NOTE Mild additive means small amount of additive.
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Y Y Y
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~
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1 1 1

0,1 0,1 0,1
0,02 004006 01 0,2 04 06X 0,040,06 0,1 0,2 04 06 1 X 0,040,06 0,1 0,2 04 0,6 1 X

h) Bronze, spray lubrication
with additive mineral oil

10

0,1
0,02

0,040,06 0,1 0,2 04 06X

d) Bronze, dip lubrication with
additive mineral oil

Y
1000 fo=e=o —7
| T I
L — — —, N
100
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10 —
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0,02 0,04 0,06+ 0,1 0,2 04 06X
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lubrication with additive
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with polyalphaolefin
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=

1 X
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0,040,06 0,1 0,2 04 06

e) Bronze, dip lubrication
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1,000

100
—
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0,1
0,040,06 0,1 0,2 04 0,6 1 X
h) Aluminium bronze,

lubrication with

c) Bronze, sprdy lubrication

with polyglycol
Y
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100 _—\
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N
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0,040,06 0,1 0,2 04 0,6

1 X

f) For grey castiron wheels,
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polyalphaolefin
Y
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1
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Key

X  film thickness parameter, Ky,
. . . . mm wear
Y  basic wear intensity, /o7, in
mm path

1 no data available for the moment

Figure 4 — Basic wear intensity for wheel

Parameter4&s:
W

K

The mean|lubricant film thickness, h

:lminm'WS'WH (

shall be calculated with Formula (21).

min m’

For minerfl oil, experiments result in a lubricant structure factor of:

W =1 (

For polyglycol and polyalphaolefines:

W, =-

1

035 (
Nom

The dynamic viscosity, ngy, [Formula (25)] shall be taken_at-ambient pressure, p,, and wheel b

temperatyre, 8. The calculation of h

min m Fequires the wheelbulk temperature see Clause 13.

As the luljricant film thickness and the lubricant structure factor W, are strongly influenced by
wheel bulk temperature, the latter shall be calculatedby a method which is as sophisticated as possi
(see Clause 13).

The following shall be observed:

If other mlaterials or lubricants are used; tests shall be run, if possible, in order to estimate the effe(
The results of any calculations in conipliance with this document can only be taken as a guide.

Table 7 — Material/lubricant factor Wy,

30)

1)

52)

hlk

he
ble

Worm: 16MnCr5 Material-lubricant factor Wy,
Case Hardened
Wheel Mineral Oil Polyalphaolefine Polyglycol
material PAO

GZ-CuSn12NiZ Nickel bronze 1,02 1a 1,75b
GC-CuSn1BkNiz Nickel bronze 41 4 1 4.1
GZ-CuSn12 Bronze 1,62 1,62 2,252
GZ-CuAl10Ni Aluminium bronze 1,0¢ 1,0 —d
GGG 40 Spheroidal graphite cast 1,02 1,02 1,02

iron
GG 25 Grey cast iron 1,02 1,02 1,02

a  Scatter zone +25 %.
b Scatter zone +30 %.
¢ Only valid for Ay, ,, < 0,07 pm; for hyy, o 2 0,07 pm; Jyy = const. = 600 - 1079,

d  Notapplicable due to chemical incompatibility.
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The start factor, Wy, shall take into account the influence of the number of starts per hour, Ng, on the
wear rate (see Reference [25]):

Fo

Wys =1+0,015-Ng (83)
For bronze materials, the pressure factor, Wy, shall be (see Reference [28]):
W, =1 for oy, <450 N/mm?
450 .
Wy =| — for oy, = 450 N/mm? (84)
OHm
" grey cast iron materials, the pressure factor, Wy, shall be (see Reference [25]):
300 o
w, = 20 (85)
%Hm
8.4 Permissible wear
e permissible wear can be set by criteria a) to d). Criteria a) and-b) state a limiting value of flank loss,

Th

Owliime Which under no circumstances shall be exceeded as thiSyeads to tooth failure. In criterjion a), the

wear leads to a pointed wheel tooth head, and further weatdeads to decreased tooth height.

the
tod

a)

b)

wear increases rapidly. In criterion b), the wear leads:te a weakening of the tooth and evg
th breakage.

The wheel teeth shall not be permitted to hecome pointed. This provides the limiting
the permissible wear. The maximum limitifig value, 6y ;,,, for wear is therefore equal tg
thickness at the worm wheel throat diameter in the normal section. Based on the tooth

be estimated by using a typical tooth-addendum h myq

aml —

6W limn ~Mx1 "€OS Vg .<n‘(1_sr*nx1 )_Z.tana())

The tooth breakage safety factor, Sy ,;,, can be the limiting wear condition after thg
running time. To this end the following is valid:

6W limn — Aslim €0S¥m1

where Asy, s the allowable tooth thickness loss.

For thextooth thickness loss in the axis, 4sy;,,,, the same value as in Formula (111) shall be

From here
ntually to

value for
the tooth
thickness

at the worm wheel reference diameter(the tooth thickness at the worm wheel throat dianpeter shall

(86)

required

(87)

taken.

brvals and

The material loss, Am;,, should not exceed a pre-set limit (dependant on oil change intg

Koaring i carian),
Tar IAAS TUuyurIT l\—ul—l\.lll)-
_ Amlim
Wlimn ™
Aq PRad
with total tooth flank surface Ag:

z,-2my, -d_, -arcsin(b,y /d,;)

COSY,,1 COSQ,,

Wheel material density, pg. 4, shall be according to Table 8. See Reference [30].

© IS0 2020 - All rights reserved
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Table 8 — Wheel material density

Wheel GZ-CuSn12 GZ-CuSn12Ni2 GZ-CuAl10Ni GJS-400-15 | GJL-250
material GC-CuSn12Ni2
Bronze Nickel bronze Aluminium bronze | Spheroidal Grey
graphite |castiron
castiron
PRaq [Mg/mm3] 8,8 8,8 74 7,0 7,0

d) The limiting value of flank loss in normal section results from a permissible value for the backlash.
Freqyently a limit of 8y };,, = 0,3 - m,4 shall be used.

Oyj

lim n :0'3'mx1'cosym1 (90)

8.5 Adgptation of the calculation procedure to a specific test

The relationships described by Formulae (69) to (79) or Figure 2 for wear intefisity were derived|by
tests with{the standard reference gear and by tests with other gears. If test regults are available for the
gearing (dr application) to be calculated, the calculation procedure can be calibrated by the relationship
between Jir and the parameter Ky = h;, ,, X Ws. The test conditions should be as similar as possiblg to
the operating conditions of the application, for instance the gear ratiossize etc. of the test gears shopild
be as clos¢ to the corresponding values of the application.

If the flank loss through wear, 6y, of a specific test is knowi, the reference wear intensity to|be
calculated, /1, shall be derived from Formulae (69) and (79). Ftem Formula (69) to (79) a constant ¢an
be deternined (e.g. 2,4 - 10711 for Formula (69)) which isgfobably more accurate for the applicatjon
than the donstant in Formulae (69) to (79).

9 Surface durability (pitting resistance)

9.1 General

The toothl flanks can be damaged and.eventually destroyed by pitting. The highest danger is to the
flanks of the part with the lowest hardness, i.e. the wheel flanks.

Pitting cah result in the occurgence of wear.

9.2 Pitting safety factor

Pitting safety factor shall be defined as follows:

S u=n6 / Ciim =S min (1)

The mea 3r‘tu31 contact ctrncc’ ﬂl—lm' shall bn 3F{‘f\rdi“ﬂ to Q_Q’ the limitina contactstress-go shall be

according to 9.4.

Minimum safety factor:

SHminzl'O (92)

If it results in a safety factor Sy < 2, the approach describe in Annex H should be used to check the
service life of the gear unit.

It may be necessary for C worm drives to use a higher minimum safety factor.

NOTE For critical applications see 6.4.2.3.
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The safety factor concerning the transferable torque shall be equal to the square of Sy (e.g. if S; = 1,5
the torque safety is 2,25).

9.3 Actual contact stress

9.3.1 Method A

The exact calculation of the relevant contact stress for pitting load capacity is not possible at the moment.

9.32

Thie mean contact stress, oy,,,, shall be used as a load parameter. It shall be calculated using Fol

an

Mothaodcec R C
G

TVICTITUOT S D)

1 the parameter for the mean Hertzian stress, pt*n , shall be according to 6.4.2 method/B or

'mula (19)
C.

9.4 Limiting value of contact stress

OHG =OHlimT Zh Ly Zs Zy Zoil (93)
Values for pitting resistance for contact stress, oy };,, 1» shall be according to Table 9. See Reference [30].

Table 9 — Pitting resistance for contact stress
Wheel GZ-CuSn12 GZ-CuSn12Ni2 GZ-CuAl10Ni GGG-40 G[G-25
material GC-CuSn12Ni2
Bronze Nickel bronze Aluminium Spheroidal Grey ¢astiron
bronze graphite cast
iron

Oliim T [N/mm?] 425 520 6602 4902 3502
2 | Forlow sliding velocities, v, < 0,5 m/s.
NQTE The given endurance limits for contact’stress are valid for pitting areas accounting for approximately 50 % of the
wlheel tooth flank.

Lifle factor:

7, =(25000/1L, )/ <16

The life time, L;,, shall be applied in hours.

Velocity factor:

Z = f4 >
+V,

(94)

(95)

The sliding velocity at the reference diameter shall be determined from Formula (9).
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37


https://standardsiso.com/api/?name=558a7c262909a61e07216e4a8ac2ad2b

ISO/TS 14521:2020(E)

Size factor:

/ 3000
7 = |— 96
S A\2900+a (96)

Formula (96) is based on Formula (97):

7= 30 (97)
29+a /a

Gear ratip factor:

1
Z =X P foru<20,5 (98)
D0,5

Z =1|foru=20,5

Formula (P8) is based on Formula (99):

| =

Z,=| = [ foru<20,5 (99)
a
Zu =1|foru = 20,5
Lubricant factor:
Z,;;=1,0 for polyglycols (100)
Zy;1 = 0,94 for polyalphaolefines

Z

oil = 0,89 for mineral oils

9.5 Adgptation of the caleulation procedure to specific test

If test resylts are availableiwhich approach the endurance limits for contact stress, the above calculatjon
procedurg¢s can be modified as follows. The given values for contact stress endurance limits oy ;},
shall be rgplaced by.the pitting area parameters derived from operational tests. The size factor gnd
gear ratio|factor arethus valid for the behaviour of the test gear (subscript T).

In this cage for @7 and uy the values of the test gear shall be used. See Annex G.

10 Deflection

10.1 General

Excessive or continuously changing deflections of the worm shaft result in meshing interferences that
can lead to increased wear.
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10.2 Deflection safety factor
The deflection safety factor is:

55 :6lim /6m 2‘S‘Smin (101)

The limiting value for deflection, 6);,,, is defined in 10.4, the actual deflection, §,, is defined in 10.3.

Minimum safety factor:

=14 (102)

Sﬁmin
Thie safety factor concerning torque is equal to the deflection safety factor, Sg.
10.3 Actual deflection

10{3.1 Method A

Mdasurement of the deflection of the worm shaft in the housing withthe’specified bearing.

10{3.2 Method B

Acturate calculation of the deflection of the worm shaft, s¥i¢hvas taking account of the centefing effect
of taper roller bearings, by means of detailed analysis e.g:finite element methods.

10,3.3 Method C

Deflection of the worm:

\/ tan? (71 tarctany, )+tan7~oc0 / cos? Y1
4
(1'1'df1 ) L
NOTE Formula (103) considers an equivalent uniform diameter for the worm.

— -5.72 .j2
S, =3,210512 %, -F,_, (103)

The bearing spacing, I;, [;; ahd1;,, are shown in Figure 5:

l

Figure 5 — Bearing spacing
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For symmetrical bearing spacing (l;; = [;;), the resultant deflection can be estimated (see
Reference [30]):

\/tanz (7, +arctany )+taney /cos?y, |
4
(1'1'df1)

NOTE Formulae (103) and (104) only take into account the loads due to the gear mesh on the worm shaft. If
additional loadings (due to pulley, etc.) are present on the worm shaft these need to be added.

8,=2107.13.F, (104)

m2

10.4 Limiting value of deflection

In accorddnce with operating experience, the limiting value of deflection shall be:

61im :0’04\/mx1 (1 5)

11 Tooth root strength

11.1 Safety factor for tooth breakage
The worn] wheel teeth can be plastically deformed or broken as a result of a high tooth root stress.
The safety factor for fatigue breakage shall be:

St =T / T¢ ZSkmin (106)
The nominpal shear stress, Ty, shall be according to 11.2, the limiting nominal shear stress, trg, according
to 11.3.
Minimum|safety factor:

Se =11 (107)

Fmin
NOTE The safety for torque is equalte.that for fatigue breakage, S.
11.2 Actpal tooth root stress

11.2.1 Method A

Determingtion of thestooth root stress through direct measurement of the stresses in the tooth wjith
the aid of ptrain gduges.

11.2.2 Mlethod B

Determination of the tooth root stress by calculation in accordance with finite element methods.

11.2.3 Method C

This calculation method is based on a nominal shear stress assumption, see Reference [22]. The tooth
form factor, Y, shall take into account the bending stress component.
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Nominal shear stress at the tooth root, 7y
T _Ft#.y Y..Y Y (108)
F— e 'F K
by -myy !

The form factor, Yy, shall be according to Formula (110), the lead factor, Y,, according to Formula (112)
and the rim thickness factor, Yy, according to Formula (113).

Contact factor

T}'\ contact Far‘fnr’ VS’ shalltalroe intg accountthe laad distribution to all cimn]fqnnnnc]y mes d teeth.

Y.=0,5 (109)

€

Form factor

The form factor, Yy, shall take into account the load distribution over the faee width, espgcially the
ex¢ess load in the region of the wheel face sides and the load increase due to-Wear at the tootl roots.

Yp=2,9-m /gy (110)

Mean tooth root thickness

Mdan tooth root thickness of the wheel tooth in the mid<¢plahe section shall be determineld without
bagklash:

Sty =1,06-5;, (111)

with: s, =s,—As+(d,, —dp, )-tanoy, /cosygy

with: s, =p, 4 ‘[1—sz1 ]

where 4s is the tooth root thickness loss through wear during the required life expectancy.
Lepd factor

Even after the runningin, the load distribution along the facewidth of the wheel is not uniform. This
effpct shall be taken’into account by the lead factor, Y.

Ys =1/cosy S (112)

Rim thickness factor

Thi Fin thickness factor, Yy, shall take into account the influence of the rim thickness, sy, (sele Figure 6
for rim thickness):

Yy = 1,0 for s, /m 22,0 (113)

My

Y, =1,043In| 5,218
Sk

] for 1,OSSK /mXl <2,0

Case with sy less than 1-m,; shall be avoided.
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Sk

K

11.3 Lim
11.3.1 G
Limiting
The shean

to 11.3.3
deformati

igure 6 — Rim thickness, sy, of worm wheel, used to determine the values-of Yy

iting value of shear stress at tooth root

bneral

alue of shear stress at tooth root:

FlimT 'YNL

(114)

stress endurance limit, 7py;,, 1, shall be accordingto 11.3.2 and the life factor, Yy, accordjng
which takes account of increased load capacity with respect to creep. Here higher plagtic
ons can be expected due to permissible ac¢ufacy grade deterioration.

11.3.2 Shear endurance limit, 7y, 1

The mean
good stru
reduced v

strength endurance values are shown in Table 10 for bronzes and cast irons. For bronZes,
Ctures as specified in Table 3 are assumed. When accuracy grade deterioration is not acceptged,

alues should be used, sincebronze materials show small plastic deformations. See Annex H

Table 10 — Mean endurance limits, 7, 1, for various worm wheel materials

Wheel GZ-CuSn12 | GZ-CuSn12Ni2 | GZ-CuAl10Ni | GJS-400-15 GJL-250
material GC-CuSn12Ni2
Bronze Nickel bronze | Aluminium | Spheroidal | Grey casf
bronze graphite iron
castiron

Shear endpirance limit, Ty, 7 92 100 128 115 70
Reduced shear endurance limit,

Tpim  When accuracy grade 82 90 120 115 70
deterioration is not accepted

11.3.3 Li

fe factor, Yy,

For worm wheels of initial accuracy grade up to 7, the life factor, Yy, as a function of wheel material
and the permissible accuracy grade deterioration can be taken from Figure 7 or calculated using the
formulae shown in Table 11. Plastic deformation leads to a decrease in the gear wheel accuracy grade.
The manufacturer’s experience should be considered for wheel qualities better than accuracy grade 7.

The life factor, Yy, is given numerically in Table 11.
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Y
3,5 |
3 [T GG-25 — [ GGG-40
25 / GZ-CuAl10Ni
2 =g N\
\\
15 \\ \
1 \
10° 10* 10° 106 | 107 X
3.100

a) Life factor, Y, in accordance with experiments: different materials

Y
3,5

3

GZ-CuSn12, GZ-CuShl2Ni

2,5

1,5 =
B \
A \
T |
10° 10* 10° 10° 10’ X
3.10°

b) Life factor; Yy, in accordance with experiments: copper-tin-bronze, with deterioration
according to accuracy grade 7 to 12 (by analogy with DIN 3974) on pitch deviatipn

Key

X | number of stress cycles at the worm wheel, N},

Y Lifo fortny V.
.......... YRS

NT.

A deterioration to initial accuracy grade up to 7 B  deterioration to accuracy grade 8
C deterioration to accuracy grade 9 D deterioration to accuracy grade 10
E deterioration to accuracy grade 11 F  deterioration to accuracy grade 12

Figure 7 — Life factor, Yy
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Table 11 — Life factor as a function of the number of stress cycles, N, the material and the

permissible accuracy grade

Life Factor No. of stress cycles Material /Accuracy grade

YNL

1,25

<8,3-10°

(3 - 106/N,)0.16

8,3-105< N <3-10°6

20 . 106

GZ-CuSn12 and
GZ-CuSn12Ni2 with deterioration

da NDIN.O

1,0

/AR a vy

i 3= P
accoTarrgatturaty sTatutoTIv O

1,5

<2,3-10°

(3 - 106/N[)0.16

2,3-105< N, <3106

1,0

>3,0 - 106

GZ-CuSn12 and
GZ-CuSn12Ni2 with deterioration

according accuracy grade DIN 9

1,75

<9,5- 104

(3 - 106/N[)0.16

9,5-104< N, <3-100

1,0

>3,0 - 106

GZ-CuSn12 and
GZ-CuSn12Ni2 with deterioration
according accuracy gfade DIN 10

2,0

<4104

(3 . 106/1\] ‘)0,16

4-10%< N, <3-106

1,0

>3,0 - 106

GZ-CuSn12 and
GZ-CuSn12Ni2 with deterioration

accordingaccuracy grade DIN 11,

2,5

<1-104

(3 - 106/N{)0.16

1-10*< Ny <3-10°

1,0

>3,0 - 106

GZ-CuShl2 and
GZ-CuSn12Ni2 with deterioration
according accuracy grade DIN 12,

2,0

<4,0 - 104

(3 - 106/N[)0.16

4,0-10%< Ny <3-10°

1,0

>3,0 - 106

GZ-CuAl10 Ni

(3 - 106/N{)0.09

1,03103 < N, <3 - 106

1,0

>3,0 - 106

2,5 <1,0 - 104 GGG-40
(3 - 106/N[)0.16 1,0 - 10 < N, £3" 106

1,0 >3,0 - 106

2,0 <1,0 - 403 GG-25

a2 Numbdr of stress cycles of worm*wheel, N}, see Formula (31).

11.4 Ad3aptation of the’/calculation procedure to a specific test

If investigations have been carried out, the values given in Table 10 can be replaced by the spec

fic

investigatiion values. The test results give the transferable torque as the damage limit. From this,

limiting vpalués for the nominal shear stress, 7y, shall be derived according to Formula (108).

12 Temperature safety factor

12.1 Temperature safety factor for splash lubrication

12.1.1 General

With increasing temperatures, the life expectancy of the lubricant decreases rapidly. The additive
decomposition is accelerated and the sealing rings could be damaged.

The operating temperature of a gear unit is dependent on both the losses and housing design; therefore,
these calculations are intended as a guide to be used only when better data is not available.

44

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=558a7c262909a61e07216e4a8ac2ad2b

ISO/TS 14521:2020(E)

The temperature safety factor shall be defined as follows:

St =6 /65 2S (115)

Tmin

The oil sump temperature, 6, shall be according to 12.1.2 and the limiting oil sump temperature, 6g;,,,
according to 12.1.3.

Minimum safety factor:

Se o =1,1 (116)

Tmin

12{1.2 Determination of oil sump temperature

12/1.2.1 Method A

Mdasurement of the oil sump temperature, 6, at operating conditions (see Reference [21]).

12/1.2.2 Method B

Acfurate thermodynamic analysis of the temperature during operation (see Reference [21]).

12/1.2.3 Method C

Ushge limitations:

—| centre distance from a = 63 mm to a =400 mm

—| rotational speeds from n; = 60 min~1 to n; 3'000 min-1
—| gearratiou=10tou =40

— | well ribbed housing made out of castiron.

ThE oil sump temperature can be.estimated as follows:

ThE use of these approximateformulae for determining sump oil temperature may resultin a falculated
terpperature variation of £10°°C or even greater.

TZ
05 =06, + a " td, (4, (117)

)

0i} sump temperature coefficients, a; a, for housings with fan:

3 9 7 n'QA. v n_17
a =2 Lig | A0 w022 (g —48)"%* (118)
100 | 60 100
0,7 0,41
n (v ’
a, _81 1 0,23 |40 (a +32)O'63 (119)
100 | 60 100
Oil sump temperature coefficients, a, a, for housings without fan:
0,43 -0,063 6
n ’ v ’
g =22 (M 4022| [108-220 u018.(a-20,4)"7° (120)
100 | 60 100
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40 2203

0,0237
] (a+22,36)"°1°

Factor a, for mineral oils:

a2=1+

9
(0,012-u+0,092)-n"° ~0,745-u+82,877

Factor a, for polyalphaolefines:

(121)

(122)

a, =14

Factor a,

a2=1

5
(0,012-u+0,092)-n"° ~0,745-u+82,877

-

for polyglycols:

12.1.3 Limiting values

The limiti

The follow
— form
— for pd

— forpg
12.2 Ten

12.2.1 G
The temp
Sy =P

The total
Minimum

S

Tmin

fing data is usually valid and shall be used when specific data.is not available:
neral oil Os1im = 90 °C,

lyalphaolefines  6g;,, = 100 °C

lyglycols Os)im = 100 °C to 120 °C, (200 °Cis preferred)

hperature safety factor for oil spraylubrication

eneral

brature safety factor for spraylubrication shall be:

(/PV 2STmin

power loss, Py, shall be according to 7.3.
safety factot:

=1,1

hg values from the oil manufacturer should be considered for the oil sump temperature.

(@1

1

(11

(12

3)

D4)

5)

6)

12.2.2 an]lng rnparlfy DK

12.2.2.1

Method A

Measurement of the cooling capacity Py, at operating conditions (see Reference [21]).

12.2.2.2

Method B

Accurate thermodynamic analysis of the cooling capacity, from entrance and exit temperature, during

operation

46

(see Reference [21]).
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12.2.2.3 Method C
Cooling capacity:

PK =Coil Poil 'Qoil 'Aeoil (127)

where, p;;, is provided by manufacturer of the oil.

Usual specific heat capacity:

Tln voualcnacificbhaqt copa ey foralltuna ofaoilcchall ba.
eSS P et aT CapPaty; € TO Aty PO 0SSt oe

¢, =1,9-10% in Ws/(kg-K) (128)

Temperature difference:

The temperature difference, 46, of the difference between exit and entrance temperature of the oil.

Se¢ Figure 8.

@in' Qoil

l @out: Qoil

Figure 8 — Definition for cooling capacity

A6, =85 —6; (129)

t in

Qi and 40, shall be agreed upon in co-operation with the manufacturer of the lubricating system.

46,; without cooler 3 °C to 5 °C, with cooler 10 °C to 20 °C.

13 Determination of the wheel bulk temperature
13.1 Wheel bulk temperature with splash lubrication

13.1.1 General

The wheel bulk temperature is required for determination of the wear intensity (see Clause 4).
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13.1.2 Method A

Measurement of the wheel bulk temperature at operating conditions.

13.1.3 Method B

Accurate thermodynamic analysis of the wheel bulk temperature at operating conditions.

13.1.4 Method C

Calculatioirof the wheel bulk temperature, See Reterence [ 23]

6y =6k +46 (130)

The oil sump temperature, 6, shall be according to 12.1.2.
Calculatign of the wheel tooth temperature in excess of the oil sump temperature:

1
AQ=4—P, 181
q AV (131)

The mesh|ng power loss, Py,, shall be derived according to Formula (63).

Dominang cooled surface of the gear set, Ay:

Ay =B -d

m2’

106 (132)

Heat transition coefficient a;;:

o =cy (1 940+15-n1) for n; 2150 min~—1

(133)
oy =cf -4 190 for n; <150 min~1
where
ck =|1for immersed worm wheel;
ck =|0,8 for not immersed-worm wheel.

13.2 Whieel bulk temperature with spray lubrication

13.2.1 General

The whee| bulktemperature is required for determination of the wear intensity (see Clause 4).

13.2.2 MethedA

Measurement of the wheel bulk temperature at operating conditions.

13.2.3 Method B

Accurate thermodynamic analysis of the wheel bulk temperature at operating conditions.
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13.2.4 Method C
Calculation of the wheel bulk temperature, see Reference [23]:

6y =6,

oil

+16 'K, K, K -P,, /1000 (134)

Rotational speed factor K :

0,35 .
K_=(u-72,5/n,)" "> for n, 2150 min~!
n ( / 1) 1 (135)
K, =(u-72,5/150)""" for n; <150 min~!
Viscosity factor K :
K, =(vg /55)"° (136)

Thie kinematic viscosity v shall be determined by Formula (32) or fromcthe viscosity-temperature
characteristic line of the lubricant at the spray temperature, 0.
Size factor Kj:

K, =(160/a)™® (137)

Mgshing power loss, Py, from 7.5.
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Annex A
(informative)

Notes on physical parameters

The research into the causes for worm wheel damage has not yet been sufficiently developed in order to

be able to
load capa

include all the Tactors in a calculation 1or the load capacity. T'his applies especially to the w

capacity (p.g. mean contact stress for surface durability). Other influential factors such as coefficien

friction, v

Despite tHese deficiencies the parameters are useful when describing the worm drive hehaviour, as

limiting v

With pres

of the med

allow calc

to considdrations such as the shear stresses and the stresses induced by increased flank temperaturg.

hlues are determined on the basis of running tests with worm gear sets.

ent day computers it is possible to calculate a maximum value for the Hertzian stress in pl

ulations such as those required to solve contact problems. These programs are also applica

This clear]ly shows that gear optimisation by calculating the load eapacity based on these paramet
can only He used in a limited manner and that caution is advised:

blocity and size of slip, etc. cannot yet be directly included in the calculation of load capacity.

par

City and the surface durability (pitting). Parameters are used for the assessment of the\lgad

L of

he

pice

n value. This maximum value only acts at one contact point. Finite-element methods of today

ble

ET'S
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Annex B
(normative)

Methods for the determination of the parameters

2020(E)

Due to the complex geometrical conditions, it is not possible to give a complete general solution, e.g.

foq
de
pa
ac

With the formulae for the generatrix of the worm flanks, i.e. for flank form I thie’ transvers

an
po
be
tot
ex

Fo

be

coptact line into infinitesimalpieces, as indicated in Figure B.1.

wi

the Hertzian stress of a worm drive. The parameters for the calculation ol contact Ih
fermined by means of computational calculation. Approximate solutions can also be use¢
rameters. Briefly outlined here is the procedure for the calculation of the parameters.with
pmputer program according to References [31] and [35].

] the contact lines of the worm and worm wheel are initially calculated. For‘this purpose,
sition of a worm tooth is sought. Subsequently the worm is rotated by a defihed angle, until

fween the worm tooth and wheel exists. In general, about 24 worm pesitions are sufficient
al range of contact is accounted for and Figure D.2 shows the develepment of the contact |
hmple.

" each contact point (in general about 2 000 to 3 000) the following parameters shall be cal
the velocities (sum of two surface velocities, sliding velocity etc.);

Hertzian stress and reduced radius of curvature.in compliance with References [31] an
example;

lubricant film thickness in compliance witlrthe EHL (Elasto Hydrodynamic Lubrication)

local sliding path. As arule, itis sufficient to determine a mean parameter for the total meg

s contact line belongs to a certain position of the worm and to a certain position of the w
ile turning worm and worm wheel, this contact line moves on the worm wheel. For an
haviour of the contact between ' worm wheel and worm along the contact line, it is useful to

es can be
for these
the aid of

e involute
the initial
ho contact
. Thus the
ines as an

culated:

d [35] for

theory;

hing zone.

glrm wheel.

lysing the
divide the
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/ ' \\ D \,

Key
1 contadtline

Figure B.1 — Contact linie on a worm wheel

A

S
%
an§

N

1

Key
1 contactline

Figure B.2 — Section normal to contact line (section A-A)

Taking one of these pieces of the contact line and looking at a plane normal to this contact line, it is
possible to see the flanks of worm and worm wheel as shown in Figure B.2. In contact point B, the main
radii of curvature, p; and p,, of worm and worm wheel can be determined. As a first approximation
the actual profile lines of worm and worm wheel can be built by equivalent cylinders with the radii of
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curvature, p; and p,. These radii of curvature are important for the calculation of the Hertzian stress
along this piece of the contact line. It is also possible to calculate the speeds of the flanks, v; and v,, of
the worm and the worm wheel in the contact point B. The knowledge of these speeds is important in
order to calculate the lubricant film thickness along this piece of the contact line. The calculation of the
speeds takes place in a tangential plane, that touches the flank of the worm as well as the flank of the
worm wheel. The Hertzian stress of a piece of the contact line shall be calculated with the following

for

mulae:

f dF'Ered
pH _\ 2.Tc.d1.pl€b‘l

wh

Iti
ap

constant Hertzian stress along the contact line, ityis\possible to resolve the relationship sta

wi

dF

twj
IS(

ap

wh

In

_P1Pp
PLTP,

red
ere

dF isthe force transmitted by the piece of the contact line;

E

ed 1S the equivalent E-module;

dl isthe length of the piece of the contact line;
Preq 1S the equivalent radius of curvature.

s assumed that the Hertzian stress is constant along the contact line. Otherwise, strong w
bear at pieces of the contact line with higher stress'and lead to a relief. With this assum

th respect to the force vector, dF . The force vegtor, dF , shall be calculated according to Forr

= 27
—n =
dF—pH~E “Preq dl-n

red
is the force vector normal to the flanks of the worm wheel and the worm, or expresse
rds normal to the tangential plane mentioned earlier. n1 is the normal vector, that is nor
p tooth flanks as well assto* the tangential plane. Viewing a parallel section (offset

1122-2) leading through.the contact point B as shown in Figure B.3, it is possible to rep
parent torque at the worm wheel, T,:

—10-3 PN
T,=1073. [(dFxp)e, i
1
ere €, is aipunit vector pointing in direction of the x-axis.

this caSe 7 is the radius from the axis of the worm wheel to the contact point B.

(B.1)

(B.2)

ear would
ption, of a
ted above

hula (B.3).

(B.3)

d in other
mal to the
plane see
resent the

(B.4)
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Key

1  axis offworm wheel

2 axis off worm

NOTE Only projection of n and dF are represented in FigureB.3.
Substituting the force vector to the infinitesimal piece6fthe contact line with the length of d/ calcula
in Formulh (B.3):
4 210731 o -
T, :pin-E—J(predﬂxr)-eX dl (B
red
1

In this cage the integration takes placéwover the length of all contact lines that are in mesh at the sa

time. Oft
all three

For the Hgrtzian stress, py:

b=

The part
can only

(NN

Figure B.3 — Parallel section through the worm gear set

en there are three teeth inféngagement and so the integration has to take place to account
dontact lines. With the farmula of the torque T, it is possible to determine the Hertzian strg

TZ'Ered'103' 1-613- 1
3 o\ =
& 32 J-(pred'nxr)'ex'dl

1
pf Formula (B.6) that is in square brackets consists only of geometrical values. The integ

(B

|

ed

5)

me
for
SS.

6)

ral

he-<olved by computer programs This calculation sums up the values to be in‘rpgra‘rpd

in

dependence of each piece of the contact lines. The value that is in square brackets is named p*. When p*
is known, it is now possible to calculate the Hertzian stress, py, from the torque, the equivalent Modulus
of elasticity and the centre distance. This Hertzian stress is for a certain position between worm and
worm wheel and the contact lines that are in engagement at the same time. When turning worm and
worm wheel a little bit further, the contact lines are moving, and those new contact lines lead to a new
Hertzian stress, py. For further calculations the mean value of the Hertzian stress of all investigated
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positions of the worm may be used. Thus Formula (B.6) for the calculation of the mean Hertzian stress,
Py May be restated:

3
i\/TzEred-lO .

with:
3
* T a
pm _;' f/ e Wiad 11 (B.8)
== J \/Jred TIAT )'CX Ul
1

where p:n is the mean value of the geometrical value, p*, explained before.
Experimental investigations concerning wear and pitting have shown that this mean Hertz]an stress,
Puby has a strong influence. For the calculation of the Hertzian stresses at the worm wheel, the acting
torlque T,, the equivalent modulus of elasticity, E,.4, and the centre distance; a, are known. The value of

Sin
me
Th
an
ge
st
log

can be calculated by using Formula (B.8).

hilar to what is shown here for the Hertzian stress, the mean lubric¢ant film thickness, h
an sliding path, s, , can be calculated.

min
gm’
e usual parameters gained in this manner for the Hertzian-stress, minimum lubricant film
] sliding path are non-dimensional. They have the advantage that they are only depend
iring geometry. Therefore if these parameters are known for a certain gearing, the Hertzi
ess, the lubricant film thickness and the sliding path/’can be easily determined for ever
ding, rotational speed and lubricant, correspondjig to that gearing.

L, and the

thickness
int on the
hn contact
y possible
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Annex C
(normative)

Lubricant film thickness according to the Elasto Hydrodynamic

Lubrication (EHL) theory

C.1 Pri

In accordd
the minin

(See Figur

h‘min

where

h

min

E

red

Pred
dF/di

VSUMn

A determi
bulk temp
the oil vis

The value
film thick

For A, I, N
the projed
becomes 7
not be seq
usage of t

nciple of calculation

ince with Dowson and Higginson[12] and the Elasto Hydrodynamic Lubrication (EHL) thea
um lubricant film thickness, h between the flanks along each piece of the(eontact ling

min’
e B.1 as localized value for one contact point) shall be calculated as follows:
0,7 0,03 0,43 0,7 0,13
1,6:a%° ngit -Eeg” Preg (Vsumn /2) /(dF/dI) ({
isin pm;
is in N/m?;
isinm;
isin N/m;

isin m/s, see ISO/TR 10828:2015, 11,5

nant influence factor is the dynamicyviscosity, nqy;, of the lubricant at ambient pressure g
erature of the worm wheel. Due(to'temperatures of the worm wheel in large excess of the
Cosity shall be considered at the wheel bulk temperature.

hin e 1S calculated on the basis of local values for h,;,,. h
hess over the entire meshing zone.

minm 1S the mean minimum lubric

K and C profiles, aZone exists around the centre of the face width of the worm wheel wh

ero and theonditions of the EHL theoryl32], are no longer fulfilled. So a mean value sho
bn as a physical determinant. However, based on the evaluation of test results, the integ

ne meanvalue, h;, ,,, is a relevant parameter.

C.2 Gui

ry,
d!

1)

nd
pil,

hnt

Pre

tion of the sum~oPthe two velocities along the normal of the piece of the contact line, Vsypp,

hld
ral

deline to calculate h*

For h* see 6.4.3.
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In the following, units are according to Table 1.

Mninm =ﬁ-25t~23,(%-d1> (C.2)

From which h* can be determined:

-05 013
z 2)4 dl ZSfZB’ o 0,6 .110,7 07 4139 50,03 (C.3)
St 4= Bl 21 o Mot Ny’ e
After simplification:
0,13
IO I E L3 (502" )1 C4)
St BI L6 Pred 0,13 07 139 .
zSt ZBldl (dF/dl)™ 21:n)"" -a
buf from Formula (C.3):
dF _2m
£ P Pred (C.5)
dal Ered re
but:
E 1
d
pH: TZ' ri3 ’ . (C.6)
2:107° ¢ J.(pred.an).eX dl
1
so](1 000 appears)
dF 1000
W Pred (C.7)

2 ooy
df j(pred'nxr)'ex dl
1

(1000)~%63 ve V7 - 1
* b - =\ =
Sy DI IR [_nz } .U(pmd.nw).ex le dl s (C.8)

© IS0 2020 - All rights reserved 57


https://standardsiso.com/api/?name=558a7c262909a61e07216e4a8ac2ad2b

ISO/TS 14521:2020(E)
Annex D
(normative)

Wear path definition

The wear path, sy, covered during life shall be calculated from the number of stress cycles of the wheel
N, and thg'sliding path of the worm flank within the Hertzian contact on the wheel flank.

N, (0.1)

Swm FSgm

Figure B.4 shows the contact line that is normal to the flanks of the worm and the worm(wheel.

L
;

Key
1 the wqrm flank
2 the wqrm wheel flank

Figure D.1 — Contact point B of the flanks of the worm and the worm wheel

Unlike Figure B.2, the flanks are shown flattened because of the Hertzian stress in Figure D.1. The widlth
of the flatfening amount is 2-by. Also the actual speeds of the two flanks vin and v2n can be seen.

First it should bédetermined on which local sliding path, Sgp, @ point, P,, that belongs to the flank of the
worm whiel-in the plane of the flattening, moves relatively to the flank of the worm. A stationary
movementof tiretwoequivatentftamks retative tothe contact times s required—tmrreatity; of course; the
movements are absolutely non-stationary because the position of the contact lines and the position of
the curvatures of the both equivalent cylinders change continuously. With this implied stationary
condition the flattening at the worm and the worm wheel is timewise constant. A point of the worm

wheel, P,, has the speed van while moving in the flattening plane. The time of contact shall be:

o (D.2)

V2n

t

contact

Normally only the worm wheel of a worm gear set shows wear, as the worm consists of hardened steel
and the worm wheel of bronze. Therefore most important for the wear of the worm wheel is the sliding
path of the point, P,, of the worm wheel in relation to a point, P;, of the flank of the worm. The affiliated
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local sliding path, SgB» results from the sliding speed, ;gB , between the two points, P; and P,, and the
time of contact, t, Then for the local sliding path:

» “contact®

SgB Z‘VgB "tcontact (D-3)

The sliding speed, ;gB; is the difference between the speeds, vi and vz, projected in the common
tangent plane of contact. With this the local sliding path shall be calculated with:

°gB TV V4] tcontact (D-4)
Together with Formula (D.2) follows for the local sliding path:
ves|
Sop == -2-by (D.5)
V2n

Fol a worm gear set, the sliding speed, ;gB , shall be built by the following formula because the flanks of

th¢ worm and the worm wheel is not only moving normal to thecontact line but also i opposite
difections on the contact line:

\;gB =\;1 —\72 (D.6)
Thi vectors, ;1 and ;2, are the speeds of the flanks of tlie worm and the worm wheel in the fangential

plgne between the two flanks for a certain contactpoint.

The local sliding paths are calculated for all infinitesimal neighbouring contact points. Then|the mean
value of all sliding paths can be calculated. THis mean value is named mean sliding path, sg,,.

a

*
S m—S 'O'Hm'

. (D7)

red

where

Oy is the mean Hertzian stress;

a isthe centre‘distance;

E..q is the equivalent modulus of elasticity;

s* isthe parameter for the mean sliding path.

s* [as well as p:n , is a pure geometrical value that can be calculated in a similar way with|computer

programs. In general, it is sufficient to calculate s* with approximation formulae that can bg found in
this document.

The local sliding path appears each time when a tooth comes in contact again. The wear path is
increased with the number of stress cycles as well as the number of the revolutions of the worm wheel.

Many experimental investigations have shown that the wear path, sy, is an important value for the
behaviour of the wear of a worm gear set.

As an example, the procedure for the calculation of the mean sliding path, Sgmy is shown here; it is the
integral mean value of the total local sliding paths, s,p, over the total meshing zone. See Figure D.2.

For the mean sliding path, s, the following mean values are calculated:

gm’

— the mean local sliding path, 5,5, in each contact line section (dI) between two contact points;

gB’
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— mean value over the contact lines (Ng; ) which are simultaneously present at the worm position;
— mean value between the calculated position (Ng,) of a load cycle.

Thus the mean value for the contact shall be:

a Oyy

E
(SgB'dl)'

Ng, i the number of calculated positions;

Ny, is the number of contact lines for one calculated position. Figure B.1 shows a contact line on
the worm wheel.

\ / \
/ X
/ \,
/ ; \

/ | N\
/ —— \,
/ i \
/ N\
/ \,

Figure D.2 — Example of contact line calculation (projection in wheel plane)
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Annex E
(informative)

Notes on calculation wear

The calculation procedure described here is based on tests run with bronze wheels and oil, both of

wHich are from a single batch. Experience to date shows that considerable Influences can be
with material and oil. Test and operational experience show that wear values undergo)aA
scdttering and classification of unknown lubricant, even with known base oils, is only,possi
limits. With the wear relationship investigation stated here, only the investigated .pairin
principle, calculable.

Furthermore, the following restrictions can be observed:

hssociated
very large
ble within
gs are, in

The calculation is only valid for constant power and gears that have been run-in. Wear pepks due to

overloading or impermissible oil temperatures are not considered.

The calculation is only valid for case hardened and ground worpis and Ra; < 0,5 pm; larger roughness

can cause considerable increases in the wear, especially during the run-in.
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Annex F
(informative)

Notes on tooth root strength

The calculations only apply to the root strength of the wheels’ teeth when coupled with worms made of

16MnCr5
strength,
wheels m

The endu
in the plg
Otherwisg¢
taken as t
damage li
grade det

For the m
deformati

For grey ¢

When det
taken intg
pitting de

Fteel case hardened. During experiments concerning endurance limit and the region of i1
the wheels’ teeth tend to break in the case of gear pairs with bronze wheels; in the case
hde of grey cast and nodular cast materials, the worm threads break.

ance strengths for the plastically deforming materials (CuSn — bronzes) are alréady partig
stic range. If small plastic deformations are permissible, these values can/be calculat]
e reduced strength values should be used. Average values for perfect structures have be
he basis for the yield point. The time strength of these wheels can be understood as a sorf
ne which runs in the plastic range and is limited by the definition of-a permissible accurs3
brioration (plastic deformation) of the worm wheel.

bre brittle and harder aluminium bronze alloy, the difference between the plastic and elas
ons is smaller.

st iron and nodular iron the endurance and time strength values lie in the elastic region.

ermining the shear stress the reduction of the tooth'root chord due to abrasive wear can
account, since this weakens the wheel tooth. Thewheel tooth can also be weakened by a h
pth. This however can not be taken into accoutit due to inconclusive calculations.

ne
of

Iy
ed.

en
of

\Cy

tic

be
gh
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:2020(E)

Adaptation of formulae for the reference gear with results from

Ce
dr

testing

rtain formulae of this document can be refined by experience from carefully controlled
ve tests. The procedure is introduced in Clause 4 with the keyword ‘relative calculating 1

borm gear
his annex

explains these considerations.
The formulae in this document are based on a variety of experiments, mostly using the| standard
ISQ/TS 14521 test gear with the centre distance ar = 100 mm. The centre distance a of the gear to be
calculated usually differs from ar. The results found by experiments with'the standard geqr need to
be|transferred to the conditions of the gear to be calculated. This documént provides the necessary
relptionships. As an example, Formulae (38) and (39) for the calculation of the idle running power loss,
Py¢, are used:
4
Pyo=0,89-102.-L .n% (G.1)
ar
a4
Py =0,89-10"2 .~ .n%s G-2)
10
The accuracy of this formula decreases as more as a differs from ag. Supposed experiments with
a dentre distance closer to the centre distancé’a of the gear to be calculated are available. Using this
experiment as base for the Formula (G.1) will improve the accuracy of calculation. Figure [5.1 shows
anfexample: ISO/TS 14521 test gear with'ay = 100 mm, a gear to be calculated with a centre difference
a 4400 mm and a new test gear with ag1 = 500 mm.
A B C
N ar =
as= 500 mm
400 mm
aT =
100 mm
| I | | | | | ~
0 100 200 300 400 (mm) 600 X
Key
X  centre distance a
A 1SO/TS 14521 test gear
B gear to be calculated
C new test gear
Figure G.1 — Centre distances of two test gears and a gear to be calculated
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Analogue to Formula (G.1), measurements of idle running power losses at the gear with the centre
distance ar, lead to the following formula.

4
Pyoq =K 1~i-né (G.3)
arq

For experiments on the new test gear ay; = a = 500 mm Formula (G.3) resolves to

4
g ..200 42 G4)

With meagurement results, Py 1 yeasured fOr the idle running power loss, the factor, K;, can be caleulated
by transfqrming Formula (G.4) into

F
V0,1 d
Kl _ measure d5)

ns
Now two functions exist for the calculation of the power loss. In the example, thére s one function ffor
a test geal with the centre distance a; = 100 mm and a second one for a gearwith the centre distapce

arpq = 50( mm. Certainly both functions have exact results for their respeCtive test centre distanges
about 100{mm or 500 mm.

The more|the centre distance of the gear to be calculated differs from(the centre distances of the test
gears, the(less accurate the formulae get. This results in a deviatiofDAPy,, between the real idle runnjng
power logs and the value obtained by the formulae. Figure G.2:shows that deviation 4Py, for a Py,
calculated by the ISO test gear with a; = 100 mm (curve T) ander a Py, calculated for the new test ggar
with a4 4 500 mm (curve T1).

In this expmple it is assumed that the deviation APy decreases with 5 % when the centre distalﬁce
changes about 100 mm starting from the centre distance the test gear. The difference of the cenfre
distances|between the new test gear and the gear-to be calculated is much smaller (100 mm) than the
differencq to the centre distances of the ISO test gear (300 mm). Therefore the deviation of the ifle
running ppwer loss for the new test gear APyj5{at; = 500) is less than APy,y(ar = 100) for the ISO test ggar.
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YA
25

" \1 2 /

15 "~

APyp(ar = 100 mm)

Apvo(a'rl =500 mm)

'
ar arq
Key
X | centre distance, a
Y | deviation, 4Py,
1 | curveT1
2 | curve T2

Figure G.2 — Deviations 4Py, for two test gears

Thiis example shows how the formiilae of this document can easily adopted to experiments with
opprating conditions closer to the gear to be calculated than the operating conditions of the ISQ standard
teqt gear, improving the qualitycof the calculated results.
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Life time estimation for worm gears with a high risk of pitting
damage

In this anhex a life time estimation for worm gears with a high risk of pitting damage on the bagsig of
the wear load calculation is shown. The life time of such a worm gear drive can be divided intothfee
character|stic stages:

— Stage|l: Stage of beginning of pitting, number of load cycles Ny
— Stage|ll: Pitting growth stage, number of load cycles Ny
— Stage|lll: Wear stage, number of load cycles Ny ;;

The numbers of load cycles in the stages I to III can be combined according.to Formula (H.1) to a tgtal
number of load cycles Ny :

Ny =Ny Ny Ny (H.1)

Stage I coyers the time up to the first pitting. The first pittingis-defined by the pitting area Ap;y = 2(%.
The number of load cycles N, in stage I, which depends-etfthe specific operating conditions, can|be
calculateq according to Formula (H.2) in dependence of gy, and vyy:

Ve Oy
Ny =105 | 1+0,860-In| 3-—&- | lexp| 28,078-4,666-In| 520-—Hm_ (H.2)
Vref GHlim

with v,..¢3 3 m/s, vy, according to Formula-(9); oy, from Table 9 and oy, according Formula (19)

Stage I, gharacterized by pitting growth, follows directly the stage of beginning of pitting (stagg I)
and stopg when the maximum pitting area Apy 1, is reached. For a given (allowable) pitting ayea
Ap1omax (B % to 60 %) the number of load cycles Ny, can be calculated according to Formula (H.3)

(Ap10,max IS in %):

(Aplo,max _2)'106

Nin 7 (0 -2180) - ; (H.3)
16,212.Hm—.exp{1,541ﬂ—0,581.—g:|
OHlim OHlim Vref
The following plausibility check should be made. It must be:
NLI M = NL.U—HI) (H.4)
with:
v (o
Ny(1q1) =3-100-—E—-exp| 24,924-4,047-In| 520 —Hm- (H.5)
v O
ref Hlim

The reduction of the pitting area in stage Il is based on the wear behaviour in this stage. The number
of load cycles in stage III, Ny, can be determined with Formula (H.1). The number of load cycles,
Ny is only reached, if there is a sufficient wear safety. The wear safety is determined according to
Reference [24]. It has to be regarded that, instead of the wear intensity, Jy,, respectively the flank loss,
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Sy, the wear intensity, Jyp, respectively the flank loss, 6yyp,, according to Formula (H.6) respectively
(H.7) have to be used.

N

N, N,

_ LI LIl LIl

Jwp =Wur Wns| Jor- N '+0'5'<]01+]0111)'_N +]0111'_N (H.6)
L

L L
The wear intensity, J,;, can be calculated by using Formulae (69) to (79), the wear intensity, J,;;;, by
using Formula (H.7).

Jour =Wp Jor (H.7)

The damage factor, Wy, can be calculated by using (H.8).

0,75
W, =25-Ky (H.8)

Thiis calculation procedure is based on tests, which cover the following boundary conditions:

—| Working mode: constant with running-in

—| Mean contact stress oy, 330:N/mm? to 620 N/mm?

—| Mean sliding velocity vg,,: tm/sto75m/s

—| Centre distance a: 65 mm to 160 mm

—| Nominal ratio iy: 10to 20

— | Arithmetic mean roughness Ra: 0,4 um to 0,5 pm

—| Material combination: 16MnCr5E/CuSn12Ni2-C-GZ

— | Lubrication: Polyglycol ISO VG 220 at 6,; =|80 °C

Fol worm gear drives, which are in' between these boundary conditions, this calculation procedure
sh¢ws good results. For other bgundary conditions the calculation should be verified by tests {f possible.
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Annex I
(informative)

Examples

1.1 Exgmple— Calculation of the efficlencyand the safety factors fora standary

referen¢e gear (flank form I) with given loading

Given:

centre distance a =100<mm

gear ratio w=41:2

normal prjessure angle ag(=a,) = 20°

axial modple of worm my; =4 mm

referenceworm diameter d,; =36 mm

referenceworm wheel diameter d,, =164 mm

worm wheel root diameter d¢, = 154,4 mm

worm wheel face width byg = by =30 mm

rim thickness of worm wheel Sg =8 mm

worm be:]ring spacing (symmetrical) [; =150 mm

output power P,=45W

ambient temperature 6,=20°C

input rotational speed ny =1500 min!

requiredIfe expectancywith continuous operation L, =25000h;

material Jombinatiens: worm, 16 MnCr5, case hardened and ground, wheel GZ — CuSn12Ni2;

arithmeti¢ meap-roughness of the worm flanks Ra; = 0,5 pm

lubricatioh With polyglycol, Vyq =220 mm?/s,
Vipo = 37 mm?/s

density of lubricant Poil1s = 1,02 kg/dm3

splash lubrication (wheel immersed), gear with fan.

Sought: efficiency and safety factors with an application factor K,=1,0
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Calculated (general quantities):

addendum modification factor see ISO/TR 10828 x,=0

output torque T,=60/(2-m)-P,-u/
ny = 587,28 Nm

peripheral force see ISO/TR 10828 Fin2 =7 16197 N

ledd angle according to Formula (5) Ym1 = 12,53 F

digmeter quotient q,=9

slifling velocity according to Formula (9) Uy = 2,896 ni/s

stgndard worm wheel face width according to Formula (10) by stg = 30,83 mm

wdrm wheel face width factor for p:n according to Formula (13) f,=1,0027

parameter for the mean Hertzian stress according to Formula (11) h*=0,949 6

wdrm wheel face width factor for p_ according to Formula (16} fh=0996 07

pafameter for the mean lubricant film thickness according.to Formula (14) h* =0,068 91

pafameter for the mean sliding path according to Forihula (17) s* =30,285

megan contact stress according to Formula (19) Olm = 369,02 N/mm?

Ca]culated (efficiency):

base coefficient of friction according t@ Formula (54) Hot = 0,024

mgan coefficient of friction according to Formula (48) M,m = 0,023 with Yg=11,
Y;=1[1,008,
Yy 50,95 and
Yp=[1

gear efficiency,according to Formula (46) N,1.20=8998 %

totlal powertloss according to Formula (37) Py =0,805W,

wiflCmeshing power loss according to Formula (63) Py,12,=0,478 W,

idle running power loss according to Formula (38) Pyo=0,153 W,

bearing power loss (adjusted bearings) according to Formula (40) Py p=0,128W,
and sealing power loss according to Formula (44) Pyp=0,046 W,

for two sealing lips

total efficiency according to Formula (35) Nges = 84,8 %.
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Calculated (wear):

oil sump temperature according to Formula (117)

wheel bulk temperature according to Formula (130)

0s=73,2°C
for housings with fan
Oy =772"°C

with o, = 24 440 W/(m?K)

lubricant flensity at wheel bulk temperature according to Formula (26)
kinematc friscosity at wheel bulk temperature according to Formula (32)
dynamic yiscosity at wheel bulk temperature according to Formula (25)
lubricant $tructure factor according to Formula (82)

pressure factor according to Formula (84)

mean lubificant film thickness according to Formula (21)

mean slid]ng path according to Formula (30)

parametel according to Formula (80)

start factgr according to Formula (83) for continual operation
material-lubricant factor according to Table 7

reference|wear intensity according to Formula\(74)

wear intensity according to Formula (68)

flank lossjaccording to Formula (67)

limiting value for the max. permissible flank loss according to Formu-

and Ag = 0,004 9 m?
Poiv = 0,97 kg/dnf3
vy = 65,07 mma/s

Nom = 0,06 Ns/m?

We=2,63
Wi =1
Roinm = 0,245 pm

Swm = 814 361 mm

Ky = 0,643
WNS = 1
WML = 1,75

Jor = 51,87 - 10-11
J,, = 90,76 - 10-11

Own = 0,739 mm

la (90)

(indicated by backlash) OWlimn = 1,17 mm
wear safefy factor aceording to Formula (65) Sw=16.

Calculateld (pitting):

limiting value for the contact stressaccording to Formula (93) Grre= 442 77 Nl/mmz

pitting safety factor according to Formula (91)

70

with 7, =1,
Z,=0,85,
Z,=1,
Z;=1and
Zy=1
Sy=12

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=558a7c262909a61e07216e4a8ac2ad2b

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms, definitions and symbols
	3.1 Terms and definitions
	3.2 Symbols
	4 General consideration
	4.1 Worm gear load capacity rating criteria
	4.2 Basis of the method
	4.3 Concept of absolute and relative parameters
	4.4 Applicability
	4.5 Validity
	4.6 System considerations
	4.7 Calculation methods A, B, C
	4.7.1 Generality on methods A, B and C
	4.7.2 Notes on numerical formulae
	4.7.3 Base conditions, interaction
	4.7.4 Other notes
	4.8 Standard reference gear
	5 Required date for calculation
	5.1 Input variable
	5.2 Safety factors
	6 Forces, speeds and parameters for the calculation of stresses
	6.1 General
	6.2 Tooth forces
	6.2.1 Application factor
	6.2.2 Dynamic factor
	6.2.3 Load distribution factor
	6.2.4 Tooth force components
	6.3 Sliding velocity at reference diameter
	6.4 Physical parameters
	6.4.1 Generality on physical parameters
	6.4.2 Parameter for the mean Hertzian stress
	6.4.3 Parameter for the mean lubricant film thickness
	6.4.4 Parameter for the mean sliding path
	6.5 Calculation of mean contact stress
	6.6 Calculation of mean lubricant film thickness
	6.7 Calculation of the wear path
	6.8 Calculation of the lubricant kinematic viscosity
	7 Efficiency and power loss
	7.1 General
	7.2 Total efficiency
	7.2.1 Method A
	7.2.2 Method B
	7.3 Total power loss
	7.3.1 Methods of calculation
	7.3.2 Idle running power loss
	7.3.3 Bearing load power loss
	7.3.4 Sealing power loss
	7.3.5 Adaptation of the calculation procedure to a specific test
	7.4 Gear efficiency
	7.4.1 Efficiency calculation
	7.4.2 Base coefficient of friction, µOT, of the standard reference gear
	7.4.3 Size factor
	7.4.4 Geometry factor
	7.4.5 Material factor
	7.4.6 Roughness factor
	7.4.7 Adaptation of the calculation procedure to a specific test
	7.5 Meshing power loss
	7.5.1 Method A
	7.5.2 Method B
	7.5.3 Method C
	8 Wear load capacity
	8.1 General
	8.2 Wear safety factor
	8.3 Expected wear
	8.3.1 Method A
	8.3.2 Methods B, C
	8.4 Permissible wear
	8.5 Adaptation of the calculation procedure to a specific test
	9 Surface durability (pitting resistance)
	9.1 General
	9.2 Pitting safety factor
	9.3 Actual contact stress
	9.3.1 Method A
	9.3.2 Methods B, C
	9.4 Limiting value of contact stress
	9.5 Adaptation of the calculation procedure to specific test
	10 Deflection
	10.1 General
	10.2 Deflection safety factor
	10.3 Actual deflection
	10.3.1 Method A
	10.3.2 Method B
	10.3.3 Method C
	10.4 Limiting value of deflection
	11 Tooth root strength
	11.1 Safety factor for tooth breakage
	11.2 Actual tooth root stress
	11.2.1 Method A
	11.2.2 Method B
	11.2.3 Method C
	11.3 Limiting value of shear stress at tooth root
	11.3.1 General
	11.3.2 Shear endurance limit, τF lim T 
	11.3.3 Life factor, YNL 
	11.4 Adaptation of the calculation procedure to a specific test
	12 Temperature safety factor
	12.1 Temperature safety factor for splash lubrication
	12.1.1 General
	12.1.2 Determination of oil sump temperature
	12.1.3 Limiting values
	12.2 Temperature safety factor for oil spray lubrication
	12.2.1 General
	12.2.2 Cooling capacity PK 
	13 Determination of the wheel bulk temperature
	13.1 Wheel bulk temperature with splash lubrication
	13.1.1 General
	13.1.2 Method A
	13.1.3 Method B
	13.1.4 Method C
	13.2 Wheel bulk temperature with spray lubrication
	13.2.1 General
	13.2.2 Method A
	13.2.3 Method B
	13.2.4 Method C
	Annex A (informative)  Notes on physical parameters
	Annex B (normative)  Methods for the determination of the parameters
	Annex C (normative)  Lubricant film thickness according to the Elasto Hydrodynamic Lubrication (EHL) theory
	Annex D (normative)  Wear path definition
	Annex E (informative)  Notes on calculation wear
	Annex F (informative)  Notes on tooth root strength
	Annex G (informative)  Adaptation of formulae for the reference gear with results from testing
	Annex H (informative)  Life time estimation for worm gears with a high risk of pitting damage
	Annex I (informative)  Examples
	Annex J (informative)  Examples of limit load capacity in a range of working conditions
	Bibliography

