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Approval of an AmericanNational Standard requires verification by ANSI that the require-
ments 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 agreementmeansmuchmore than a simplemajority, but not necessarily una-
nimity. Consensus requires that all views and objections be considered, and that a
concerted effort be made toward their resolution.

The use of AmericanNational 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 nameof theAmericanNational Standards Institute. Requests for interpre-
tation of this standard should be addressed to the American Gear Manufacturers
Association.

CAUTION NOTICE: AGMA technical publications are subject to constant improvement,
revision, or withdrawal as dictated by experience. Any person who refers to any AGMA
technical publication should be sure that the publication is the latest available from the
Association on the subject matter.

[Tables or other self--supporting sections may be referenced. Citations should read: See
ANSI/AGMA1103--H07,Tooth Proportions for Fine--Pitch Spur andHelical Gearing (Met-
ricEdition),publishedby theAmericanGearManufacturersAssociation, 500Montgomery
Street, Suite 350, Alexandria, Virginia 22314, http://www.agma.org.]

Approved September 19, 2007

ABSTRACT

Tooth proportions for fine--pitch gearing are similar to thoseof coarse pitch gearing except in thematter of clear-
ance. For 20degreeprofile angle fine--pitch gearing, this standardprovidesa systemof enlargedpinionswhich
use the involute formabove 5 degrees of roll. Data on 14--1/2 and 25 degree profile angle systems , aswell as a
discussion of enlargement and tooth thickness are included in the annexes.
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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
1103--H07, Tooth Proportions for Fine--Pitch Spur and Helical Gearing (Metric Edition).]

As originally developed by the American Gear Manufacturers Association, this standard
was in two parts: the first part,Clearance for 20--Degree Pressure Angle Fine--Pitch Gears
(AGMA 470.01); and the second, 20--Degree Involute Fine--Pitch System for Spur Gears
(AGMA 207.02).

In May, 1949, the two standards were combined and completely re--edited. The next
revision of this standard was begun in 1955.

As a result of the increasing use of gears by sintering and injectionmolding process, and for
greater tooth strength, tooth forms for 25 degree pressure angle were included. Control
gearing containing large numbers of teeth was recognized by data on the 14--1/2 degree
pressure angle system in the information sheets.

AGMA 207.05, was approved by Sectional Committee B6 and by the sponsors, and
designated USA Standard B6.7--1967 as of September 18, 1967.

Due to difficulties encountered in fabricating gears with involute profiles to the base circle,
theFine--Pitch committeedevelopedanewset of toothproportions for enlargedpinions that
would not require active tooth profiles below five degrees of roll.

AGMA 207.06 was approved by the Fine--Pitch Gearing Committee in June, 1971 and
approved by the membership as of May, 1974.

ANSI/AGMA 1003--G93 was a revision of AGMA 207.06. The term “profile angle” was
introduced in place of the basic rack “pressure angle”. Metric data were added, including
ISO symbols. Tables for 20 degree profile angle were revised, and supported with simpler
equations and procedures. The lower range of tooth numbers was redone with less
enlargement, improvedcontact ratio, and less specific sliding. Data for 7and8 toothpinions
were omitted, as they require special design consideration beyond the scope of this
standard. A revised procedure was employed to verify undercut limits, superseding the
approximate andmore conservative priormethod. Formulaswere supplied for all tabulated
data. The data on helical gearing was revised using a simple procedure to allow helical
configuration.

Information was added to clarify the distinction between form diameter as generated and
the limit diameter established by operational contact, which determines the contact ratio.
Clarificationwasmade regarding categories of center distancewhich oftenwas a source of
confusion in the prior standard. Cautionary notes were added to indicate that meshes
employingvery small numbersof teeth,while geometrically correct, still requireanalyses for
strength, durability, and clearances. The 5 degree form diameter enlargementmethodwas
extended to include the 14--1/2 degree system, and revisions were made to the 25 degree
system.

ANSI/AGMA 1003--G93 was approved by the Fine--Pitch Gearing Committee in February,
1992 and approved by the AGMA Board of Directors as of May, 1992.

ANSI/AGMA 1103--H07 adds clause 4.9 on fillet root radius values due to cutting tool tip
radius, and annex E, which compares several systems for selecting tooth thickness of
pinions.

The first draft of ANSI/AGMA1103--H07wasmade inSeptember, 1999. It was approvedby
theAGMAmembership inMarch, 2006. ItwasapprovedasanAmericanNationalStandard
on September 19, 2007..

Suggestions for improvement of this standard will be welcome. They should be sent to the
AmericanGearManufacturersAssociation, 500MontgomeryStreet,Suite 350,Alexandria,
Virginia 22314.
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ANSI/AGMA 1103--H07AMERICAN NATIONAL STANDARD

American National Standard --

Tooth Proportions for
Fine--Pitch Spur and He-
lical Gearing (Metric Edi-
tion)

1 Scope

This standard is applicable to external spur and heli-
cal gears with 1.25 through 0.2 module and a profile
angle of 20 degrees.

It only applies to standard gears with 24 teeth or
more; enlarged pinions with 9 through 23 teeth; and
reduced gears for meshing with enlarged pinions at
standard center distances.

Much of this same information is applicable to inter-
nal gears.

1.1 Tooth proportions

The tooth proportions shown hereinmay be used for
many gear designs of finer than 0.2 module; how-
ever, such designs should be checked for suitability,
particularly in the areas of contact ratio, undercut-
ting, and clearance.

This standard is similar to ISO 53, Cylindrical gears
for general and heavy engineering -- Standard basic
rack tooth profile.

Themaindifferencebetween theproportionsof fine--
pitch gears and those of coarse--pitch is in the clear-
ance. In fine--pitch gearing, wear on the points of the
cutting tools is proportionally greater than in coarse--
pitch tools. The fillet radius produced by such tooling
will therefore be proportionally greater. The in-
creased clearance in gearing of 1.25 module and
finer provides both for the relatively larger fillet and
also for foreign material that tends to accumulate at
the bottoms of the teeth.

1.2 Number of teeth

Gear designs with low numbers of teeth should be
checked for suitability, particularly in the areas of

contact ratio, undercutting, and clearance, aswell as
for strength and durability for load and life considera-
tions.

2 Normative references

The following standards contain provisions which,
through reference in this text, constituteprovisionsof
this AmericanNational Standard. At the time of pub-
lication, the editions indicated were valid. All stan-
dards are subject to revision, and parties to
agreements based on this American National Stan-
dard are encouraged to investigate the possibility of
applying themost recent editions of the standards in-
dicated below.

AGMA 904--C96, Metric Usage

AGMA 917--B97, Design Manual for Fine--Pitch
Gearing

ANSI/AGMA 1012--G05, Gear Nomenclature,
Definitions of Terms with Symbols

ANSI/AGMA1102--A03,ToleranceSpecification for
Gear Hobs

ANSI/AGMA 2002--B88, Tooth Thickness
Specification and Measurement

ANSI B94.21, Shaper Cutters

3 Terms and symbols

3.1 Terms

The termsused,wherever applicable, conform to the
following standards:

ANSI/AGMA 1012--G05, Gear Nomenclature,
Definitions of Terms with Symbols

AGMA 904--B89, Metric Usage

3.2 Symbols

Thesymbols used in this standardare shown in table
1.

NOTE: The symbols and definitions used in this stan-
dard may differ from other AGMA standards. The user
should not assume that familiar symbols can be used
without a careful study of these definitions.
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Table 1 -- Terms and symbols

ISO
Symbol

Description Units Where
first used

a Center distance mm Table 2
ad Calculated tight mesh center distance mm Eq 16
c Clearance mm Table 2
cp Clearance, gear tip to pinion root mm Table 4
d Pitch diameter mm Table 2
dae Outside diameter mm Table 2
dae1 Outside diameter of pinion mm Eq 15
dae2 Outside diameter of gear mm Eq 15
df Root diameter mm Table 2
d1 Standard pitch diameter of pinion mm Eq 15
d2 Standard pitch diameter of gear mm Eq 15
ha Addendum mm Table 2
ha1 Addendum, pinion mm Table 4
ha2 Addendum, gear mm Table 5
hf Dedendum mm Table 2
ht Whole depth mm Table 2
hw Working depth mm Table 2
j Backlash mm 4.6
mn Module, normal mm Table 2
mt Module, transverse mm Table 2
p Circular pitch, normal mm Table 2
pt Circular pitch, transverse mm Table 2
rb1 Base radius of pinion mm Figure 5
rb2 Base radius of gear mm Figure 5
re1 Outside radius of pinion mm Figure 5
re2 Outside radius of gear mm Figure 5
rf max Fillet radius, maximum mm Table 2
se Tooth thickness at outside diameter mm 5.4
sei1 Top land, pinion mm Table 4
sei2 Top land, gear mm Table 5
sn Tooth thickness, normal mm Table 2
st Tooth thickness, transverse mm Table 2
s1 Tooth thickness, pinion mm Eq 19
s2 Tooth thickness, gear mm Eq 19
z Number of teeth -- -- Table 2
zg Number of teeth, calculated -- -- Eq 20
z1 Number of teeth, pinion -- -- Table 2
z2 Number of teeth, gear -- -- Table 2
αd Transverse pressure angle at calculated tight mesh center distance degrees Eq 16
αe Pressure angle at outside diameter degrees Eq 13
αn Profile angle, normal degrees Table 2
αt Basic rack transverse profile angle degrees Eq 20
α0 Profile angle degrees Table 2
βm Helix angle degrees Table 2
Δa Center distance enlargement with rack mm 5.9
Δha Addendum modification mm Eq 6

(continued)
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Table 1 (concluded)

ISO
Symbol

Description Units Where
first used

Δs Tooth thickness modification mm Eq 4
Δx Enlargement mm Eq 3
εβ Contact ratio -- -- Eq 15
εβx Calculated tight mesh contact ratio -- -- Eq 16
εx Contact ratio, enlarged -- -- Table 4

4 General features

4.1 Basic rack

The basic rack shown in figure 1 is used to illustrate
the tooth proportions covered by this standard. This
standard permits freedom of choice in making
changes in the gear tooth proportions to meet spe-
cial design conditions as long as the resulting gears
are fully conjugate to the basic rack. Such changes
may be indicated when a special contact ratio or
modification for tooth strength is desired.

4.1.1 Spur gears

The basic rack shown in figure 1 and the tooth pro-
portions shown in table 2 provide the basic design
data for spur gear teeth.

4.1.2 Helical gears

Helical teeth covered by this standard are conjugate
in the normal plane to the basic rack shown in figure
1 and table 2.

4.2 Pressure angle and profile angle

4.2.1 Pressure angle, α0

While profile angle is the slope of the cutting tool, a
pressure angle may be defined at any point on the

flank of a gear tooth. See ANSI/AGMA 1012--G05
for further discussion.

4.2.2 Profile angle

The standard profile angle is 20 degrees, and is rec-
ommended for most applications. In the annexes,
data may be found on 14--1/2 and 25 degree profile
angle systems. Profile angle of helical teeth is taken
in the normal plane.

In certain cases, notably some sintered or molded
gears, or in gearing where greatest strength and
wear resistance are desired, a 25 degree profile an-
gle may be required. Profile angles greater than 20
degrees tend to require the use of generating tools
having very narrow point widths. In addition, larger
profile angles require closer control on center dis-
tance tolerance for those gear trains in which back-
lash is critical.

In cases where considerations of angular position or
backlash are critical, and where both pinions and
gears contain relatively large numbers of teeth, a
14--1/2 degree profile angle may be desirable. In
general, profile angles of less than 20 degrees re-
quire a greater amount of modification to avoid un-
dercut problems, and are limited to larger total
numbers of teeth in gear and pinion when operating
on a standard center distance.

Working
depth

Clearance

Whole
depth

Circular
pitch

Addendum

Dedendum

Pitch
line

Fillet
radius

Tooth
thickness

Profile
angle

NOTE:The value of the fillet radius is determinedby the
type and design of the cutting tool.

Figure 1 -- Basic rack
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Table 2 -- Module, standard tooth proportions and formulas (metric system)

Tooth proportions

Item Spur Helical

Addendum, ha 1.000 mt 1.000 mn

Dedendum, hf 1.200 mt+ 0.05 1.200 mn+ 0.05

Working depth, hw 2.000 mt 2.000 mn

Whole depth, ht 2.200 mt+ 0.05 2.200 mn+ 0.05

Clearance, c (standard) 0.200 mt+ 0.05 0.200 mn+ 0.05

Fillet radius, maximum, rf max
(see 4.9)

c
1− sinα0

c
1− sinαn

Tooth thickness, st, sn at standard
pitch diameter st=

π mt
2

sn=
π mn
2

Formulas

Circular pitch, pt, pn pt= π mt p= π mn

Pitch diameter, d (standard) z mt
z mn
cosβm

Outside diameter, dae (z+ 2) mt
z mn
cosβm

+ 2mn

Root diameter, df (z− 2.4)mt− 0.100
(z mn)
cosβm

− (2.4 mn)− 0.100

Center distance, a (standard) z1+ z2
2

mt

z1+ z2
2 cosβm

mn

where
st is transverse tooth thickness at standard pitch p is normal circular pitch;

diameter; βm is helix angle;
sn is normal tooth thickness at standard pitch z is number of teeth;

diameter; z1 is number of pinion teeth;
mn is normal module; z2 is number of gear teeth;
mt is transverse module; α0 is profile angle;
pt is transverse circular pitch; αn is normal profile angle.

4.3 Working depth, hw

The basic working depth is:

hw= 2.000 mn (1)

Teethwith this depth are commonly referred to as full
depth teeth.

4.4 Addendum, ha

Standard addendum tooth proportions shown in
tables 2 and 3 are used for applications where the
number of teeth are equal to or exceed theminimum
numbers shown in annex C, table C.1.

Enlarged and reduced addendum proportions are
used to avoid objectionable undercut or for consid-
erations of tooth strength, contact ratio or center dis-
tance. Table 4 gives recommended tooth

proportions to avoid undercut problems in a mesh
with a pinion of a small number of teeth. Generally,
as the total number of teeth in gear and pinion gets
smaller, the contact ratio diminishes. Special atten-
tion must be given to avoid contact ratios below 1.2.

4.5 Clearance, c

Standard clearance for the module system is:

c= 0.200 mn+ 0.05 (2)

Greater clearance than given in table 3 may be re-
quired if teeth are to be finished by a secondary op-
eration. While the required clearancemay vary with
specific gearapplications, avalueof0.350mn should
provide the necessary amount in most cases. See
ANSI/AGMA 1102--A03, ANSI B94.21--1995, and
AGMA 917--B97.

Copyright American Gear Manufacturers Association 
Provided by IHS under license with AGMA 

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: AGMA 1103-H07 2007

http://www.avadocuments.com/doc/agma-1103-h07-2007
http://www.avadocuments.com/doc/agma-1103-h07-2007

