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Foreword

[The foreword, footnotes and annexes, if any, in this document are provided for informational purposes
only and are not to be construed as a part of AGMA Standard 6022-D19, Design Manual for Cylindrical
Wormagearing.

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Standard AGMA 374.01, Design for Fine-Pitch Wormgearing has been withdrawn.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 constant improvement, 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.

ANSI/AGMA 6022-D19 replaces ANSI/AGMA 6022-C93. It was created to change the formatting from
dual to single column and to implement a few minor editorial changes.

The first draft of ANSI/AGMA 6022-D19 was created in January 2019. It was approved by the
membership in July, 2019 and as an American National Standard on September 9, 2019.

Suggestions for improvement of this standard may be submitted to tech@agma.org.
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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 incorporated 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 10 Ib in (1.13 Nm) up to 3 000 000 Ib in (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 system 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 operation, 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 Normative references

The following documents contain provisions which, through reference in this text, constitute provisions of
the standard. At the time of publication, the editions were valid. All publications are subject to revisions,
and the users of the manual are encouraged to investigate the possibility of applying the most recent
editions of the publications listed.

ANSI/AGMA 6034-B92, Practice for Enclosed Cylindrical Wormgear Speed Reducers and
Gearmotors

AGMA 6001-F19, Design and Selection of Components for Enclosed Gear Drives

3 Symbols and terminology

3.1 Symbols

The symbols, terms, and definitions, when applicable, conform to ANSI/AGMA Standard 1012--G05, Gear
Nomenclature, Definitions of Terms with Symbols as shown in Table 1.
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Table 1 — Symbols and terms

Symbols Definition Units First used | First referenced
A E;?:]Et:\r:geb;rgm];vgrmgear pitch in (mm) | Equation 37 15.2
a \a/\é%ré?];:g wormgear in (mm) | Equation 8 5.9.1
B Axial backlash in (mm) | Equation 13 594
b yvorm and wormgear in (mm) | Equation 9 5.9.2
C Center distance in (mm) | Equation 2 5.3
¢ Clearance in (mm) | Equation 21 5.9.10
D Wormgear pitch diameter in (mm) | Equation 4 54

Dy, Wormgear mean diameter in (mm) | Equation 34 15.1.1
D, Wormgear outside diameter in (mm) | Equation 20 59.9
D, Wormgear root diameter in (mm) | Equation 19 59.8
D, Wormgear throat diameter in (mm) | Equation 18 5.9.7
d Worm pitch diameter in (mm) | Equation 2 5.3
dp Worm base circle diameter in (mm) Figure 9 454
dn Worm mean diameter in (mm) | Equation 22 5.9.11
d, Worm outside diameter in (mm) | Equation 16 5.9.5
dy Worm root diameter in (mm) | Equation 17 5.9.6
£ Modulus of elasticity Ib/in2 Equation 43 15.5.1
N/mm?
F Equivalent load Ib (N) | Equation 41 15.5.1
Fq Wormgear face width in (mm) | Equation 25 5.9.13
F Worm face width (Thread length | in (mm) | Equation 24 5.9.12
of worm)
hy Full depth of worm thread in (mm) | Equation 11 593
It Moment of inertia of worm cross | in* (mm?#) | Equation 43 15.5.1
sectional area
k Location factor -- Equation 42 15.5.1
L Lead of the worm thread in (mm) | Equation 6 5.6
/ Bearing span in (mm) | Equation 37 15.2
M Bending moment [b in (Nm) | Equation 39 15.3
mg Wormgear ratio -- Equation 1 5.2
N Normal tooth load Ib (N) Figure 17 6.3
Ng Number of teeth in wormgear -- Equation 1 5.2
Nw Number of threads in worm -- Equation 1 5.2
p Wormgear circular pitch in (mm) | Equation 5 5.5
DPx Worm axial pitch in (mm) | Equation 5 5.5
R Resultant of rolling friction and Ib (N) Figure 17 6.3
normal load
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Symbols Definition Units First used | First referenced
RA Bearing A radial load Ib (N) | Equation 37 15.2
RB Bearing B radial load Ib (N) Equation 38 15.2

Radius of curvature of worm in (mm) Figure 2 4.1
R1 .
thread profile
R Radius of curvature of in (mm) Figure 2 4.1
wormgear tooth profile
g Worm shaft bending stress Ib/in? Equation 40 15.3
b N/mm?2
Ts Wormgear torque Ib in (Nm) | Equation 34 15.1.1
T Torque at worm shaft Ib in (Nm) | Equation 36 15.1.3
; Normal chordal thread in (mm) | Equation 13 594
" thickness of the worm
Wag Wormgear thrust force Ib (N) Equation 36 15.1.3
Wie Wormgear separating force b (N) | Equation 35 15.1.2
Wi Wormgear tangential force Ib (N) Equation 34 15.1.1
Waw Worm thrust force Ib (N) | Equation 34 15.1.1
Wi Worm separating force Ib (N) | Equation 35 15.1.2
Wy Worm tangential force Ib (N) | Equation 36 15.1.3
y Worm shaft deflection in (mm) | Equation 43 15.5.1
3 Lead angle at the worm pitch degrees | Equation 7 5.7
diameter
Ab Worm base lead angle degrees Figure 9 3.54
) Lead angle at worm mean degrees Figure 6 452
m diameter
Nw Worm driving efficiency -- Equation 31 9
Ne Wormgear driving efficiency -- Equation 32 9
Normal pressure angle at the degrees Figure 8 454
0n worm mean diameter
u Coefficient of friction - Equation 31
Ustatic Static coefficient of friction Equation 33

4 General design considerations

Successful application of wormgearing begins with an understanding of the unique characteristics of
wormgearing and a consideration of the requirements of the application.

4.1 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 positions
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 contact
marking on each wormgear tooth. The stresses developed along the lines of contact are surface and

Documents

Document Sharing Hub
©AGMA 2019 — All rights reserved 3

Full document details: AGMA 6022-D19 2019


http://www.avadocuments.com/doc/agma-6022-d19-2019
http://www.avadocuments.com/doc/agma-6022-d19-2019

AMERICAN NATIONAL STANDARD ANSI/AGMA 6022-D19

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 contacts is as 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
gear

Line 2 - A Line 3

Line 1°7 _r/
; — N
\ .

Rotation of T - - -
worm A
Center section A-A
Figure 1 - Lines of contact on wormgear teeth
R1 —
— Worm
Wormgear
Figure 2 — Relative radii of curvature
4.2 Loading

Based on Clause 4.1, the design of wormgearing should be tailored to the type of load and speed to be
transmitted. For transmission of significant amounts of power at high speed, a relatively fine pitch
wormgear 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.
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4.3 Ratios

Wormgearing can be produced with 1 : 1 through 360 : 1 ratios although the usual catalogued ratio range
is 3 : 1 through 100 : 1. The ratio is 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 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 procedures, 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 wormgear 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.

41/2=20.5 80/4 = 20-0/4 = 20
20° Pressure Angle 20° Pressure Angle

@
©)

()

Figure 3 - Number of teeth in contact

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.

4.4 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, 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
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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).

4.5 Thread profile of worm

The thread profile or shape of the thread flanks can be described by the method used for the manufacture
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 wormgear 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 manufactured 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.

By A= \ VAR N,
N \ \ Y
/o _/ L/ \_
/ \ Section A-A Section B-B
B { A

\ L /’ ;'I ;—\ Il,f—-\
— +___,_/ —

Figure 4 - Rack profiles of worms

Section C-C

451 Straight sided axial profile - Form ZA

This profile can be produced with a straight sided lathe tool placed on the axial plane as shown in Figure
5.

If a rotary milling cutter or a grinding wheel is used to produce a ZA profile worm thread, such a cutter or
grinding wheel would require convex profiled cutting edges. Profile variations of the worm are easily
checked for this Form ZA profile since it is a straight line in the axial plane. The central section of the
mating wormgear is theoretically an involute shape and its profile variations can be checked with an
involute checker.
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Top View

Figure 5 - Form ZA
4.5.2 Straight sided normal profile - Form ZN

Top View

A
8

Side View

Ay = lead angle at worm mean diameter

Figure 6 — Form ZN

This profile is produced with a straight sided lathe tool with its cutting face tilted to the lead angle of the
thread at its mean diameter as shown in Figure 6.

As with Form ZA profiles, a suitably convex profiled rotary or conical milling cutter or grinding wheel would
have to be used to produce Form ZN profile.

4.5.3 Profile resulting from straight sided rotary milling cutter or grinding wheel - Form ZK
This profile is a convex profile in the axial and normal planes of the worm resulting from the use of a
straight sided milling cutter or grinding wheel with its axis tilted to the lead angle of the thread at its mean
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diameter. The center plane of the cutter or wheel must intersect the axis of the worm at the centerline of
the thread space. The shape of the thread flank produced is dependent on the diameter of the cutter or
grinding wheel due to the generating action of the tool. See Figure 7.

Profile variations of Form ZK profiles on finished worms must be measured relative to a convex curve with
a varying pressure angle, top to bottom, and as a result are not as easily determined. The main
advantage of this form is the ease of sharpening the cutter or dressing the grinding wheel.

Top View

Side View

A = lead angle at worm

mean diameter
A m

Figure 7 - Form ZK

454 Involute helicoid - Form ZI

This thread profile can be produced one flank at a time by a flat sided cutter or grinding wheel whose axis
is tilted to the lead angle of the worm at its mean diameter and also inclined to the desired pressure angle
of the worm at its mean diameter as shown in Figure 8.

The profile produced by this method is a convex curve in both the normal and axial planes of the worm
and is independent of the diameter of the cutter or grinding wheel. The sharpening of the cutter or
dressing of the grinding wheel is easily controlled in this method because it is a flat surface perpendicular
to the cutter or wheel axis. Desired profile of the resulting worm is a straight line at the off center section
at the base radius and base lead angle (see Figure 9). Profile variation relative to this straight line is
easily inspected if proper inspection equipment is available (see Figure 9).

If both flanks of an involute worm are to be ground at the same time, the rotary cutter or grinding wheel
can be tilted to the lead angle at the worm mean diameter and not inclined to the normal pressure angle.
However, the cutter or wheel must be properly vee shaped with concave profiled flank forming surfaces in
order to obtain the desired involute shape. Sharpening the cutter or dressing the grinding wheel is more
difficult and the profile of the worm obtained varies with grinding wheel diameter in this method, but the
desired worm profile and its variations can still be inspected by the same straight-line method shown in

Figure 9.
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