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AGMA 6022-C93 (Revision and Redesignation of AGMA 341.02)

Approval of an American National Standard requires verification by ANSI that the requirements for due
process, consensus, and other criteria for approval have been met by the standards developer.

Consensus is established when, in the judgment of the ANSI Board of Standards Review, substantial
agreement has been reached by directly and materially affected interests. Substantial agreement means
much more than a simple majority, but not necessarily unanimity. Consensus requires that all views and
objections be considered, and that a concerted effort be made toward their resolution.

The use of American National Standards is completely voluntary; their existence does not in any respect
preclude anyone, whether he has approved the standards or not, from manufacturing, marketing, purchasing,
or using products, processes, or procedures not conforming to the standards.

The American National Standards Institute does not develop standards and will in no circumstances give an
interpretation of any American National Standard. Moreover, no person shall have the right or authority to
issue an interpretation of an American National Standard in the name of the American National Standards
Institute. Requests for interpretation of this standard should be addressed to the American Gear
Manufacturers Association.

CAUTION NOTICE: AGMA standards are subject to constant improvement, revision or withdrawal as
dictated by experience. Any person who refers to any AGMA Technical Publication should determine that it is
the latest information available from the Association on the subject.

[Tables or other self-supporting sections may be quoted or extracted in their entirety. Credit line should read:
Extracted from AGMA 6022-C93, Design Manual for Cylindrical Wormgearing, with the permission of the
publisher, American Gear Manufacturers Association, 1500 King Street, Alexandria, Virginia 22314.]
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This Design Manual provides information pertaining to selection of geometric parameters which will constitute
good design of fine and coarse pitch cylindrical wormgearing. The power rating for fine and coarse pitch
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Cylindrical Wormgear Speed Reducers and Gearmotors.

Copyright ©, 1993 by American Gear Manufacturers Association

Published by

American Gear Manufacturers Association
1500 King Street, Suite 201, Alexandria, Virginia 22314

ISBN: 1-55589-618-9

Documents

Document Sharing Hub

Copyright American Gear Manufacturers Association
Provided by IHS under license with AGMA
No reproduction or networking permitted without license from IHS Not for Resale

Full document details: AGMA 6022-C93 1993


http://www.avadocuments.com/doc/agma-6022-c93-1993
http://www.avadocuments.com/doc/agma-6022-c93-1993

ANSI/AGMA 6022-C93

Contents Page
FOreWOrd . . . Vi
1 o 0] o1 1
1.1 USES Of WOIMQEBAINNG ..ottt ittt e e ettt et e ettt ettt 1
1.2 INtENOEA USE . . .ottt e e e e e e 1
2 Symbols, terms and definitions . .......... i 1
3 General design considerations . .........iiii i 3
3.1 Characteristics Of WOrmgearing . . ... ...t e 3
3.2 L0adiNg ... 4
3.3 RAUIOS . . oot 4
3.4 CoNUGALE @CHON ... ittt 5
3.5 Thread profile Of WOrm ... ... . 5
3.6 ACCUIaCy reqUIrBMENTS . . ..ottt et e ettt e e e e e e 8
4 DeSigN ProCeAUIE . . . . . oottt e e e 10
4.1 Number of teeth inthe wormgear ............ .. i e 10
4.2 Number of threads inthe worm . ... ... . 10
4.3 Worm pitch diameter . ... .. 10
4.4 Wormgear pitch diameter .. ... ... 10
4.5 Worm axial pitCh . . .. 10
4.6 Wormlead . .. ... 11
4.7 Lead angle of the WOrm ... ... 11
4.8 Pressure angle . .. ...t 11
4.9 Customary thread and tooth proportions ............. i 11
5 Modified tooth proportions . ... ... 14
5.1 High contact ratio deSigns .. ...ttt e 14
5.2 Stubtooth designs .. ... ... i e 15
5.3 Recess and approach action .............. . i e 15
5.4 Design for additional or full recess action ............ ... . i 15
5.5 Alternative design for additional or full recess actiongearing ........................ 16
6 CONtACT PAEINS . ..ot 16
6.1 |Initial contact for power drive WOrmgearing . ... ......o.euune e 17
6.2 Unacceptable initial contact .............. . i e e 17
6.3 Mounting and assembly problems and their effects on initial contact patterns ........... 17
6.4 Other causes of variations in initial contact patterns .............. ... ... ... .. ... ..., 18
6.5 Wormgear contactunderload ......... ... 19
6.6 Special initial wormgear CONtact . ............ it e 19
7 RUN=-IN PrOCEAUIES . .. e e e e e 19
7.1 Definition of rUN=in . ... 19
7.2 ReSUIS Of TUN-IN ..o e e 20
7.3 Initialrunning at full load . .......... .. e 20
7.4 Initial friction atthe mesh . ... .. . e 20
7.5 Recommended run-in Period . . ... ... e 20
7.6 Wormgear PitliNg . .. ...ttt e 20
Documents

Document Sharing Hub

Copyright American Gear Manufacturers Association
Provided by IHS under license with AGMA
No reproduction or networking permitted without license from IHS Not for Resale

Full document details: AGMA 6022-C93 1993


http://www.avadocuments.com/doc/agma-6022-c93-1993
http://www.avadocuments.com/doc/agma-6022-c93-1993

ANSI/AGMA 6022-C93

CoNteNtS (CONT) ..o Page
8 Rating and effiCiency . ... ... 20
9 Wormgear blank design . ... ..o 20
9.1 Typical wormgear blank configuration ... ....... ... .. ... .. 21
9.2 Wormgear web configuration . ........... .. e 21
9.3 Wormgear hub design . ... ..o 21
10 Worm manufacturing practiCes ... ... ...ttt e 21
10.1 Wormthread milling . ... ... oot e 21
10.2 Worm thread milling with multiple milling cutters ............ ... ... ... i .. 22
10.3 Worm thread hobbing ... ... e e e e e 22
10.4 Worm thread generating with a shapercutter .......... .. .. . i i, 22
10.5 Worm thread rolling . ... ... oo 22
10.6 Worm thread grinding ... ... ..ot e 22
11  Wormgear manufacturing practiCes .. .........o.iu i e 22
11.1 Wormgear hobs . ... 22
11.2 Wormgear hob design .. ... ... e 23
11.3 Wormgear flyhobbing ... e 23
12 Materials and heat treatment . ......... . .. 23
12.1 Worm materialsS . . ... o e 24
12.2 Wormgear MaterialS ... .. ..o it 25
13 LUBICAON . . o 25
13.1 Regimes of lubrication . . ... . .. 25
13.2 MiIneral OIS . ... o 25
13.3 SYNthetiC 0IlS . . . ..o e e e 25
13.4 Splash lubrication . ... ... e e 25
13.5 Forced feed lubrication . .. ... ... .. .. 26
14  Analysis of gearing forces, worm bending stress, and deflection ..................... 26
14.1 Tangential, separating, and thrustforces ........... .. ... i 27
14.2 Worm bearing reactions . . ... ... ittt 27
14.3 Worm bending StreSS . . . . oo 28
14.4 Allowable worm bending StresSs .. ... ..o e 28
14.5 Worm deflection . ... ... e 28
15  ASSEMDIY PrOCEAUIES . ..ottt e e e 29
15.1 The NOUSING . ..o e e e e e e 29
15.2 POSItION t0IEraNCe ... ot 29
15.3 Contact pattern Check .. ... ... 29
15.4 Backlash Check .. ... ... e 30
15.5 End play CheCK . . ... 30
Tables

1 Symbols used in qUALIONS . . . . ..ot 1
2 Suggested minimum number of wormgear teeth for customary designs . ............... 10
3 Suggested minimum number of wormgear teeth for modified designs ................. 16
" Documents

Document Sharing Hub

Copyright American Gear Manufacturers Association
Provided by IHS under license with AGMA
No reproduction or networking permitted without license from IHS Not for Resale

Full document details: AGMA 6022-C93 1993


http://www.avadocuments.com/doc/agma-6022-c93-1993
http://www.avadocuments.com/doc/agma-6022-c93-1993

ANSI/AGMA 6022-C93

Contents (cont) Page
Figures
1 Lines of contact on wormgear teeth .......... .. ... i e 3
2 Relative radii Of CUrVALUIe . .. .. ... e e 4
3 Number of teeth in contact . ........ ... e 4
4 Rack profiles of WOrms . . ... 5
5 oI A 6
6 FOrmM N e 6
7 FOrmM ZK 7
8 FOIM Zl 7
9 Profile measurement of form ZI . ... . 8
10 Tooth spacing accuracy changes - 30 tooth wormgear .......... ... .. i .. 9
11  Tooth spacing accuracy changes - 29 toothwormgear . ...t ninnn. 9
12 Variation of lead angle . .. ... o 11
13 Normal chordal thread thickness of worm .......... .. ... .. . it 12
14 Worm face width .. ... 13
15 Wormgear face width . .. ... .. 14
16 Wormgear basic dimensions - customary proportions . ... 14
17 Approach and recess action - customary proportions ..............c.coviiiiiinain... 15
18 Approach and recess action - modified proportions .. .......... ... .. i 17
19 Initial no-load wormgear CONtaCt . ... .ttt e e 18
20 Initial no-load wormgear contact variations due to wormgear tooth spacing errors

even ratio (40/2 = 20 ratin) ... ...ttt e 19
21 Special initial no-load wormgear contact .. ............ i 19
22  Typical wormgear blank configuration minimum rim thickness ........................ 21
23 Generation of wormgear teeth . ... ... e 22
24  Hobbing Of WOIrmMQears . ... ... e e e e 24
25 Flytool hobbing of wormgears . .......... . e 24
26  Worm and wormgear forces - RHthread .......... ... ... ... . .. . i 27
27  Worm bearing reactions . ... ... ot 28
28 Equivalent beam for worm . ... ... e 28
Annexes
A Formulas for worm thread profiles .. ... ... 31
B Sources of formulas used for determining worm thread profiles . .. .................... 33
C  Sources of information concerning hob design ............. ... ... .. .. .. .. ... ... 34
D  Worm thread profiles - axial SECtiONS . .. ... ..o i 35

Documents

Document Sharing Hub

Copyright American Gear Manufacturers Association
Provided by IHS under license with AGMA
No reproduction or networking permitted without license from IHS Not for Resale

Full document details: AGMA 6022-C93 1993


http://www.avadocuments.com/doc/agma-6022-c93-1993
http://www.avadocuments.com/doc/agma-6022-c93-1993

ANSI/AGMA 6022-C93

FOREWORD

[The foreword, footnotes, and annexes, if any, are provided for informational purposes only and should not be
construed as part of AGMA 6022-C93, Design Manual for Cylindrical Wormgearing (formerly 341.02, Design
of General Industrial Coarse-Pitch Cylindrical Wormgearing).]

The standard provides a broad range of design parameters for fine and coarse pitch cylindrical wormgearing
which would constitute feasible design, within which the designer may search for a better design. The greatest
possible latitude for design has been sought.

The earlier standard AGMA 341.01, was approved by the AGMA membership in June 1955, and AGMA
341.02 was approved by the membership in December 1964 and reaffirmed in May 1970.

Standard AGMA 374.01, Design for Fine-Pitch Wormgearing is being withdrawn.

Data contained herein represents a consensus from among engineering representatives of member
companies of AGMA and other interested parties.

AGMA Standards are subject to constantimprovement, revision, or withdrawal as dictated by experience. Any
person who refers to AGMA technical publications should satisfy himself that he has the latest information
available from the Association on the subject matter.

Tables or other self-supporting sections may be quoted or extracted in their entirety. Credit should read
Extracted from AGMA 6022-C93, Design Manual for Cylindrical Wormgearing, with permission of the
publisher, the American Gear Manufacturers Association, 1500 King Street, Suite 201, Alexandria, Virginia

22314.
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American National Standard -

Design Manual for
Cylindrical Wormgearing

1 Scope

This design manual covers the design of fine and
coarse pitch cylindrical wormgearing operating at
right angles and primarily made as gear sets to be
incorporated into other machines and mechanisms.
Many of the design procedures are also incorpo-
rated in enclosed drives.

1.1 Uses of wormgearing

Wormgearing is used on applications transmitting
very small amounts of power up to 1000 HP
(746KW)and 101bin (1.23Nm)upto 3000000 Ibin
(339 000 Nm) output torques. Worm speeds can
vary from 0 to 10 000 rpm, depending on size.
Design of wormgearing varies with its specific uses
and application requirements. Wormgearing used
in an indexing mechanism of a machining center
has different requirements from a conveyer drive in
a steel mill.

1.2 Intended use

The equations and values presented provide a
general approach to design. Deviations from the
methods and values stated in this design manual
may be made when justified by experience, testing,
or more specific analysis. It is intended for use by
experienced gear designers capable of selecting
reasonable values based on their knowledge of the
performance of similar designs and the effect of
such items as lubrication, deflection, manufacturing
tolerances, metallurgy, residual stresses, and sys-
tem dynamics. It is not intended for use by the
engineering public at large. Because of the wide
variety of applications of wormgearing, this design
manual is a practical overview of wormgearing
design and is intended as a guideline for users and
manufacturers in the general principles of opera-
tion, the basic design concepts and formulas, the
common thread forms used, the use of modified
designs, tooling and manufacturing considerations,
and the proper mounting, assembly and run-in of
wormgearing.

2 Symbols, terms, and definitions

The symbols, terms, and definitions, when applica-
ble, conform to ANSI/AGMA Standard 1012-F90,
Gear Nomenclature, Definitions of Terms with
Symbols. See table 1.

Table 1 - Symbols used in equations

Symbol Term Units First used refelz:rlerzitced

Distance from wormgear pitch point to bearing B | in  (mm) Equation 37 14.2

a Worm and wormgear addendum in  (mm) Equation 8 49.1

B Axial backlash in  (mm) Equation 13 49.4

b Worm and wormgear dedendum in  (mm) Equation 9 49.2

C Center distance in  (mm) Equation 2 4.3

c Clearance in  (mm) Equation 21 4.9.10

D Wormgear pitch diameter in  (mm) Equation 4 4.4

Do | Wormgear outside diameter in  (mm) Equation 20 499

Dy Wormgear root diameter in  (mm) Equation 19 49.8

(continued)
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Table 1 (cont)

Symbol Term Units First used relerresr;[ced
Dt Wormgear throat diameter in  (mm) Equation 18 49.7
d Worm pitch diameter in  (mm) Equation 2 4.3
d, | Worm base circle diameter in  (mm) Figure 9 354
d,, | Worm mean diameter in  (mm) Equation 22 49.11
d, | Worm outside diameter in  (mm) Equation 16 495
d, Worm root diameter in  (mm) Equation 17 4.9.6
E Modulus of elasticity Ib/in2 N/mm?2| Equation 43 14.5.1
F Equivalent load b (N) Equation 41 1451
Fs | Wormgear face width in  (mm) Equation 25 4.9.13
Ry [ Worm face width (Thread length of worm) in  (mm) Equation 24 49.12
h, Full depth of worm thread in  (mm) Equation 11 493
I Moment of inertia of worm cross sectional area in4 (mm# | Equation 43 1451
k Location factor - Equation 42 1451
L Lead of the worm thread in (mm) Equation 6 4.6
I Bearing span in  (mm) Equation 37 14.2
M Bending moment bin (Nm) Equation 39 14.3
mg | Wormgear ratio -- Equation 1 4.2
N Normal tooth load b (N) Figure 17 5.3
Ng | Number of teeth in wormgear -- Equation 1 4.2
Ny | Number of threads in worm -- Equation 1 4.2
p Wormgear circular pitch in  (mm) Equation 5 4.5
B, Worm axial pitch in  (mm) Equation 5 4.5
R Resultant of rolling friction and normal load b (N) Figure 17 5.3
RA | Bearing A radial load b (N) Equation 37 14.2
RB | Bearing B radial load b (N) Equation 38 14.2
R1 | Radius of curvature of worm thread profile in  (mm) Figure 2 3.1
R2 | Radius of curvature of wormgear tooth profile in  (mm) Figure 2 3.1
S, | Worm shaft bending stress Ib/in2 N/mm?2| Equation 40 14.3
Tg | Wormgear torque Ibin (Nm) Equation 34 14.1.1
T, | Torque at worm shaft Ibin (Nm) Equation 36 14.1.3
t,c | Normal chordal thread thickness of the worm in  (mm) Equation 13 49.4
W,g | Wormgear thrust force b  (N) Equation 36 14.1.3
Wy | Wormgear separating force b (N) Equation 35 14.1.2
Wg | Wormgear tangential force b (N) Equation 34 14.1.1
W,,, | Worm thrust force b (N) Equation 34 14.1.1
Wy, | Worm separating force b (N) Equation 35 14.1.2
W, | Worm tangential force b (N) Equation 36 14.1.3
y Worm shaft deflection in  (mm) Equation 43 1451
A Lead angle at the worm pitch diameter degrees Equation 7 4.7
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Table 1 (concluded)

Symbol Term Units First used refé:rléitced
Ay | Worm base lead angle degrees Figure 9 3.5.4
Am | Lead angle at worm mean diameter degrees Figure 6 3.5.2
n, | Worm driving efficiency -- Equation 31 8
ng | Wormgear driving efficiency - Equation 32 8
¢, | Normal pressure angle at the worm mean -- Figure 8 3.5.4

diameter degrees Figure 8 354
w Coefficient of friction - Equation 31 8

3 General design considerations

Successful application of wormgearing begins with
an understanding of the unique characteristics of
wormgearing and a consideration of the require-
ments of the application.

3.1 Characteristics of wormgearing

Wormgearing consists of a threaded input member
(worm) driving a larger toothed wormgear at right
angles. By restraining the rotating worm axially the
wormgear is made to turn. As the worm rotates
through the wormgear tooth, lines of contact roll or
progress from the tip to the root of the wormgear
tooth. As shown in figure 1, at any given instant
there may be 2 - 3 teeth in contact in varying posi-
tions rolling through the worm threads. These 2 - 3
lines of contact on 2 - 3 wormgear teeth transmit
power. The movement of this line of contact on each
wormgear tooth from tip to root results in an area of

Line 2 - A Line 3

Line 1‘]

z/l_i\ne 3

contact marking on each wormgear tooth. The
stresses developed along the lines of contact are
surface and subsurface stresses related to the load,
the relative radii of curvature of the worm thread and
wormgear tooth, the distribution of load between the
teeth, and the sliding friction forces caused by the
rotation of the worm. If the relative curvature of the
worm and wormgear surfaces at the line of contact
is large as shown in figure 2, the line of contact,
when under load, will have some finite band width or
area.

Particularly in designs with low ratio and high lead
angle, these radii vary considerably across the face,
so the band width of the contact will also vary across
the face as will the surface and subsurface stresses.

Equalization of load among the lines of contact on
the 2 - 3 wormgear teeth transmitting the total load
is an important consideration in minimizing contact
stresses.

Rotation of

\/ .

AR —

Rotation of
worm

- A

Center section A-A

Figure 1 - Lines of contact on wormgear teeth
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Wormgear

Figure 2 - Relative radii of curvature

3.2 Loading

Based on 3.1, the design of wormgearing should be
tailored to the type of load and speed to be transmit-
ted. For transmission of significant amounts of
power at high speed, a relatively fine pitch worm-
gear should be used while high torques at low
speeds require large worm diameters and coarse
pitches. When smoothness of transmission with low
noise and vibration is a requirement, fine pitches
with low pressure angles are preferred.

3.3 Ratios

Wormgearing can be produced with 1 : 1 through
360 : 1 ratios although the usual catalogued ratio
rangeis 3:1through 100: 1. Theratiois the number
of teeth in the wormgear divided by the number of
teeth or threads in the worm. Ratios above 30:1 are
usually produced with a single thread worm and

&
.

41/2 = 20-1/2
20° Pressure Angle

ratios lower than 30 :1 favor the use of multiple
threads. However, there can be exceptions to this. If
high wormgear tooth strength is required, it may be
desirable to design a 25-tooth wormgear with a
single start worm. Yet for the usual application, it is
desirable to use a 49 or 50-tooth wormgear with a
2-start worm. Note that, with normal design proce-
dures, the number of wormgear teeth in contact with
the worm for any given ratio is the same no matter
what number of worm starts and number of worm-
gear teeth are used. See figure 3.

Generally, the larger the center distance, the
greater the number of threads should be selected,;
for example, a 1 inch (25.4 mm) center distance 20 :
1 design could be made as a 20/1 design but a 36
inch (914.4 mm) center distance wormgear would
be more likely designed with 59 or 60 teeth in the
wormgear and 3-threads in the worm for a 59/3 =
19-2/3 or 60/3 = 20 ratio.

ORC

80/4 = 20-0/4
20° Pressure Angle

Figure 3 - Number of teeth in contact

o Documents
4 Document Sharing Hub

Copyright American Gear Manufacturers Association
Provided by IHS under license with AGMA
No reproduction or networking permitted without license from IHS

Full document details: AGMA 6022-C93 1993

Not for Resale


http://www.avadocuments.com/doc/agma-6022-c93-1993
http://www.avadocuments.com/doc/agma-6022-c93-1993

In the design or selection of ratios requiring multiple
thread worms, there are two tooth combination
systems that can be used. One is the even number
system where the number of teeth in the wormgear
can be evenly divided by the number of threads in
the worm, for example (40/2 = 20:1). The hunting
tooth ratio system uses a combination of wormgear
teeth and worm threads where the number of teeth
in the wormgear is not evenly divisible by the
threads of the worm, for example (39/2 = 19.5:1).
Over the years, there has been a difference of
opinion of the benefit of one system over the other.
Utilizing current state of the art manufacturing
equipment, tools, and technology has resulted in
either of the two systems performing suitably in
virtually all types of applications.

In designs requiring precision, motion transmission,
or designs that are extremely cost sensitive, further
investigation of the hunting tooth wormgear system
versus even number wormgear system may be
required.

3.4 Conjugate action

For gears, two surfaces are conjugate if one
generates the other when both are rotated at a
specified relative uniform motion. In wormgearing,
the worm, when rotated, results in a series of rack
profiles being advanced along its axis as shown in
figure 4.

As can be seen in figure 4, the center section has
identical pressure angles on both flanks but off-
center sections are not symmetrical. In any case,

VAVAS

Section A-A

ANSI/AGMA 6022-C93

the hob that generates the wormgear teeth has an
identical series of rack sections that generate the
wormgear teeth, so that conjugate action in a
wormgear is essentially the same as conjugate
action between a rack and pinion. The particular
shape of the rack profiles from tip to root does not
affect the conjugacy as long as the worm and the
wormgear hob have the same profile type and
pressure angle (see figure 4).

3.5 Thread profile of worm

The thread profile or shape of the thread flanks can
be described by the method used for the manufac-
ture of the worm. No limitation is placed on the
method used except that the hob or tooling used to
produce the wormgear should have substantially
the same profile as the worm so that the mating
wormgear has proper contact with the worm, and
the gear pair provides uniform transmission of
motion. Some tip and root relief for the wormgear as
well as oversize and short lead for the hob is
frequently used to provide “crowning” of the worm-
gear teeth to assure the uniform transmission of
motion and prevent excessive noise, dynamic
loads, and vibration. Because of the number of
different thread profiles in use, it is generally
desirable that the worm and wormgear be manufac-
tured by the same supplier to assure proper mating.
While successful applications are possible with any
of the common thread forms in use, some profiles
are more suited to particular applications than
others depending on speed, ratio and degree of
accuracy required.

VAVAN

Section B-B

VAVAN

Section C-C

Figure 4 - Rack profiles of worms
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