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i Materials for Marine Propulsion Gearing
Am_erlcan ANSI/AGMA 6033-C08
Natlonal [Revision of ANSI/AGMA 6033-B98]

Standard Approval of an American National 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 agreement means much more than a simple majority, 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 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 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/AGMA 6033-C08, Materials for Marine Propulsion Gearing, published by the Ameri-
can Gear Manufacturers Association, 500 Montgomery Street, Suite 350, Alexandria,
Virginia 22314, http://www.agma.org.]

Approved September 29, 2008
ABSTRACT

This documentidentifies commonly used alloy steels, heat treatments and inspection requirements for through
hardened, case hardened and surface hardened gearing for main propulsion marine service over 1500 hp.
Forged and hot rolled alloy steel bar stock are specified to two metallurgical quality grades (1 and 2) according
to cleanliness and test requirements. Cast steel gearing is specified to a single metallurgical quality level. Me-
chanical, metallurgical and nondestructive test requirements are provided for various heat treat processes and
metallurgical quality grades of gearing.
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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
6033-C08, Materials for Marine Propulsion Gearing.]

The purpose of ANSI/AGMA 6033-CO08 is to provide alloy steel specifications and quality
assurance measures for pinions and gears used in main propulsion marine applications.

This document consolidates and adapts the material specifications generally used for
pinions and gears in the defined marine propulsion applications.

ANSI/AGMA 6033-A88 was proposed to the Technical Division Executive Committee in
1979 by the Chairman of the Marine Gearing Committee. Interest in, and the need for this
standard was expressed at a committee meeting in February 1980. Work began on rolled
ring forgings for rims of large fabricated gears. Metallurgists from several member
companies attended that and subsequent meetings. The committee continued work on the
standard, expanding the contents to include other forms of gearing, properties of commonly
available alloy steels, heat treatment methods and inspection requirements.

The Marine Gearing Committee submitted the standard, and it was approved by the entire
AGMA membership in its final edited version in March 1988. On May 31, 1988 it was
approved as an American National Standard.

In late 1993 the AGMA Technical Division Executive Committee recommended that the
Marine Gearing Committee review and update ANSI/AGMA 6033-A88, Standard for
Marine Propulsion Gear Units, Part 1, Materials. This review and update was initiated in
early 1994. ANSI/AGMA 6033-B98 was renamed Materials for Marine Propulsion Gearing.

ANSI/AGMA 6033-B98 was approved by the membership in July, 1997 and approved as an
American National Standard on June 19, 1998.

ANSI/AGMA 6033-C08 is a revision of ANSI/AGMA 6033-B98 to reflect metallurgy and
materials practices currently in use in marine applications, and to refer to other recent
AGMA publications.

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

The first draft of ANSI/AGMA 6033-C08 was made in January 2003. It was approved by the
AGMA membership in July, 2008. It was approved as an American National Standard on
September 29, 2008.

Suggestions for improvement of this standard will be welcome. They should be sent to the
American Gear Manufacturers Association, 500 Montgomery Street, Suite 350, Alexandria,
Virginia 22314.
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ANSI/AGMA 6033-C08

American National Standard -

Materials for Marine
Propulsion Gearing

1 Scope

This standard is applicable to marine gearing made
from steel forgings, bar stock and castings intended
for main propulsion service over 1500 horsepower.
Alloy steel specifications and quality assurance
measures presented represent the state of the art
and are not intended to assure the performance of
subject assembled marine gear drive systems.

This standard pertains to through hardened gearing,
as well as carburized, nitrided and induction contour
surface hardened gear teeth of pinions and gears.
This standard presents the properties of commonly
available alloy steels used for marine gearing. It is
recognized that modifications of these alloys and
other suitable alloy steels are available which may
be used in marine gearing. It does not address other
forms of surface hardening, such as flame hardening
and spin coil induction hardening.

Requirements for Quality Grades 1 and 2 are defined
in this standard. Although reference is made to
Grade 3 melting practice for carburized steels, the
experience with the use of these steels is limited and
therefore outside the scope of this standard.

This standard is intended for use by those
experienced in gear design or manufacture. Itis not
intended for use by the engineering public at large.

2 Normative references

Abbreviations are used in the references to specific
documents in this standard. The abbreviations
include: AGMA, American Gear Manufacturers
Association; ANSI, American National Standards
Institute; ASME, American Society of Mechanical

Engineers; ASTM, American Society for Testing
Materials; AWS, American Welding Society; ISO,
International Organization for Standardization; SAE,
Society of Automotive Engineers; and AMS,
Aerospace Material Specification.

The following documents contain provisions which,
through reference in this standard, constitute provi-
sions of this document. Atthetime of publication, the
editions were valid. All publications are subject to
revision, and the users of this standard are encour-
aged to investigate applying the most recent editions
of the publications listed.

Elsewhere in this document if no revision level is
shown, the revision level used in this clause is
applicable.

AGMA 923-B05, Metallurgical Specifications for
Steel Gearing

AGMA 938-A05, Shot Peening of Gears

ANSI/AGMA 2007-C00, Surface Temper Etch
Inspection After Grinding

ANSI/AGMA 6032-A94, Standard for Marine Gear
Units: Rating

ASTM A148-05, Specification for Steel Castings,
High Strength, for Structural Purposes

ASTM A255-02, Test Methods for Determining
Hardenability of Steel

ASTM A275-06, Test Method for Magnetic Particle
Examination of Steel Forgings

ASTM A290-05, Specification for Carbon and Alloy
Steel Forgings for Rings for Reduction Gears
ASTM A291-05, Specification for Steel Forgings,
Carbon and Alloy, for Pinions, Gears and Shafts for
Reduction Gears

ASTM A304-05, Specification for Carbon and Alloy
Steel Bars Subject to End-Quench Hardenability
Requirements

ASTM A356-07, Specification for Steel Castings,
Carbon, Low Alloy, and Stainless Steel, Heavy
Walled for Steam Turbines

ASTM A370-07, Test Methods and Definitions for
Mechanical Testing of Steel Products

ASTM  A388-07, Practice for
Examination of Heavy Steel Forgings

ASTM A487-93, Specification for Steel Castings
Suitable For Pressure Service

Ultrasonic
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ASTM A488-07, Practice for Steel Castings,
Welding, Qualifications of Procedures and
Personnel

ASTM A534-04, Specification for Carburizing
Steels for Anti-Friction Bearings

ASTM A609-91, Practice for Castings, Carbon,
Low-Alloy, and Martensitic Stainless Steel,
Ultrasonic Examination Thereof

ASTM A751-07, Test Methods, Practices, and
Terminology for Chemical Analysis of Steel
Products

ASTM A837-06, Specification for Steel Forgings,
Alloy, for Carburizing Applications

ASTM A866-01, Specification for Medium Carbon
Anti-Friction Bearing Steel

ASTM ES3-01, Practice for Preparation of
Metallographic Specimens

ASTM E8-04, Test Methods for Tension Testing of
Metallic Materials

ASTM E18-07, Test Methods for Rockwell
Hardness of Metallic Materials

ASTM E94-04, Guide for Radiographic Testing

ASTM E112-96, Test Methods for Determining
Average Grain Size

ASTM E114-95, Practice for Ultrasonic Pulse-
Echo Straight-Beam Examination by the Contact
Method

ASTM E125-63, Reference Photographs for
Magnetic Particle Indications on Ferrous Castings

ASTM E186-98, Reference Radiographs for
Heavy-Walled [2 to 4-1/2 Inch (51 to 114 mm)]
Steel Castings

ASTM E280-98, Reference Radiographs for
Heavy-Walled [4-1/2 to 12 Inch (114 to 305 mm)]
Steel Castings

ASTM E407-07, Practice for Microetching Metals
and Alloys

ASTM E428-05, Practice for Fabrication and
Control of Metal, Other than Aluminum Reference,
Blocks Used in Ultrasonic Inspection

ASTM E446-98, Reference Radiographs for Steel
Castings Up to 2 inches (51 mm) in Thickness

ASTM E709-01, Guide for Magnetic Particle
Examination

AMERICAN NATIONAL STANDARD

ISO 14104:1995, Gears - Surface temper etch
inspection after grinding

SAE/AMS-S-13165, Shot Peening of Metal Parts

SAE/AMS 2300, Steel Cleanliness, Premium
Aircraft-Quality, Magnetic Particle Inspection
Procedure

SAE/AMS 2301, Steel Cleanliness, Aircraft Quality
Steel Magnetic Particle Inspection Procedure

SAE/AMS 2304, Steel Cleanliness,
Aircraft-Quality Magnetic Particle
Procedure

SAE J864, Surface Hardness Testing with Files

Special
Inspection

3 Definitions

The terms used in this document are defined in
AGMA 923-B05.

4 Testing and certification

4.1 Certificate of test

The general tests required by AGMA 923-B05 plus
the specific tests required by this standard shall be
reported on a certificate of test. Each certificate of
test shall report sufficient data to clearly identify the
components, associated control test coupons, pro-
cess and other pertinent data necessary to provide
quality traceability.

4.2 Mechanical test methods

Test methods for tension, impact and hardness
testing shall be in accordance with ASTM A370.

The number, location and orientation of test
specimens shall be according to figure 1 and ASTM
A290 or ASTM A291 as appropriate. Test bars for
forged rings shall be in the tangential direction at
mid-wall of the prolongation on the ring, as close as
practical to the end face of the rough machined
forging. Testbars for forged rings are thus actually in
the longitudinal direction with respect to the direction
of metal working or flow during forging or rolling. Test
bars for forgings and bar stock shall be in the
longitudinal or tangential direction with respect to the
direction of metalworking or flow during forging
unless otherwise specified.
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Tangential
test

Prolongation
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Prolongation

Ne——/————

- — | —}

1 4]

Longitudinal test

(a) Cylindrical forgings and barstock

Tangential

Prolongation test
°T %\
e\

Longltudlnal test

(b) Hollow forgings and barstock

- Prolongation
r

L Tangential
test

Prolongation
AN

Tangential
test

(c) Disk components

Prolongation

Tangential
test

Prolongation
r

Tangential

(d) Ring forgings test

Figure 1 - Locations of test bars for various types of gearing

4.3 Chemical test methods
Certification of chemical analysis shall be required.
4.3.1 Procedure

Chemical analysis shall be performed in accordance
with ASTM A751.

4.3.2 Unspecified residual and trace elements

As indicated in ASTM A751, such elements are
acceptable within concentrations that do not
significantly and deleteriously affect mechanical
properties, metallurgical characteristics or corrosion

resistance.  Quantifying the effects of these
elements is beyond the scope of this standard.

4.4 Metallographic test methods

Metallographic examination of steel gearing heat
treated by through hardening, carburize and harden-
ing, nitriding or induction hardening shall be
performed in accordance with the requirements of
AGMA 923-B05.
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4.5 Nondestructive test methods ASTM A290 shall apply. ASTM A290 is referenced
asthe base standard, modified as necessary to meet
specific AGMA metallurgical recommendations. Itis
also recognized that many organizations have
internal material specifications that may be more

Magnetic particle inspection of steel gearing shall be
performed in accordance with clause 12 for forgings
and bar stock and clause 8 for castings.

Ultrasonic inspection of steel gearing shall be restrictive than the ASTM standard.
performed in accordance with clause 13 for forgings
and bar stock and clause 14 for castings. | Teeth
_________ LY
5 Maximum controlling section size @ +—-—-—- — 4in
_________ _L 8in
The maximum permitted controlling section size is Y
based upon the hardenability of alloy steel for —— 12in — Controlling section: 2 in
through hardened gearing blanks, including those wall thickness
that are subsequently nitrided or induction NOTE: If the bore diameter is less than 20 percent of
hardened. Maximum controlling section sizes the length of the bore, then the controlling section is
recommended in this standard can be increased determined by figures 2 or 4.
when substantiated by test data. Figure 3 - Bore style gear blank

Figures 2 through 5 illustrate the controlling section
for various gearing configurations whose teeth are Teeth
machined after heat treatment. Maximum control- r<

ling section size is normally considered as the rim
thickness for rolled rings where the radial thickness
is less than the rim height.

Evaluation of the controlling section size for the - - b o1en

selection of an appropriate type of steel and 1.5in
specified hardness combination is to be based on
the dimensions of the component as heat treated. _— « 2in
Controlling section: 2 in
&~ Teeth thickness

Figure 4 - Disc style gear blank

W Teeth

® lm 8in W/ ‘
l | 7
<« 6in _» Controlling section: 36in
8 in diameter - - —32in
Figure 2 - Solid on shaft pinion blank
7

Controlling section: 2 in |._.| 8

Q

N

6 Forged rings for through hardened rim thickness

gears Figure 5 - Web style gear blank

This clause applies to quenched and tempered alloy Recommended steel grades are shown in table 1.

steel forged or rolled rings for reduction gear rims. The suitability of a specific steel grade is based on

Unless otherwise specified, and where applicable, the specified hardness and maximum controlling
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section size, as shown in table 2. Minimum
recommended tempering temperatures are shown
in table 3. AGMA 923 specifies a minimum
tempering temperature of 900°F. Required
mechanical properties are shown in table 4.

Forged ring gear rims are defined by two
metallurgical quality grades (1 and 2), according to
both steel melting practice (cleanliness) and
nondestructive test requirements.

6.1 Melting practice

The steel shall be made by the basic oxygen or
electric furnace process. Grade 1 gearing may be
made from air melted steel. Grade 2 gearing shall be
made from electric furnace vacuum degassed steel
per SAE/AMS 2301 or ASTM A866.

Refining procedures including ladle processing are
acceptable. Adding calcium to maximum 15 ppm
when melting the steel is permissible for castability
subject to agreement by the end user.

6.2 Chemical requirements

The steel shall conform to the requirements for
chemical composition as shown in table 1, based on

ANSi/AGMA 6033-C08

the specified class and maximum controlling section
size considerations shown in table 2.

The hardenability of the steel shall be determined by
Jominy end quench tests or by calculation of Jominy
values or DI values in accordance with ASTM A255.
The Jominy or DI requirements shall be consistent
with the design requirements. Referto ASTM A304
for Jominy specifications for specific steel grades.

Specification of a restricted hardenability band for a
given steel grade can sometimes permit the use of a
lower cost grade of steel for an application or
perhaps permit the use of a given grade of steel fora
larger controlling section size than would be possible
without the restriction on hardenability. This restric-
tion on hardenability can be accomplished by
specifying H-band steels in place of non-H-band
steels, RH-band steels in place of H-band steels, or
specifying upper half of H-band steels in place of
RH-band steels.

6.3 Grain size

The grain size ofthe steel shall be predominantly 5 or
finer per ASTM E112.

Table 1 - Chemical requirements for typical through hardened alloy steel forged rings

applicable.

3)  Grade 2 only.

Element Steel composition, percent 1):2)
4140 4340 34CrNiMo6V°)

Carbon 0.35-0.45 0.35-0.45 0.25-0.39
Manganese 0.70-1.00 0.60-0.90 0.20-0.60
Phosphorus

Grade 1 0.040 max 0.040 max N.A.

Grade 2 0.025 max 0.025 max 0.015 max
Sulfur

Grade 1 0.040 max 0.040 max N.A.

Grade 2 0.025 max 0.025 max 0.015 max
Silicon 0.05-0.35 0.05-0.35 0.05-0.35
Nickel 0.50 max 1.65-2.00 3.25-4.00
Chromium 0.80-1.15 0.60-0.90 1.25-1.75
Molybdenum 0.15-0.25 0.20-0.50 0.30-0.70
Vanadium 0.06 max 0.10 max 0.05-0.15
Copper 0.35 max 0.35 max 0.35 max
Aluminum 0.035 max 0.035 max 0.025 max
NOTES:

1) These composition limits usually represent the broader of SAE and ASTM composition limits. N.A. indicates not

2)  Permissible variations in product analysis shall be in accordance with ASTM A290.
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Table 2 - Approximate maximum controlling Table 3- Recommended minimum tempering
section sizes for through hardened alloy steel temperatures for through hardened alloy steel
forged rings1): 2 forged rings
— - - Minimum Minimum tempering
Minimum Maximum controlling %) o
hardneass, section?, inch hﬂgwss’ temperature?), °F
HBW ) 4140 4340 34CrNiMo6V 4140 4340 34CrNiMo6V
203 7 U. NR. 223 1075 1100 N.R.
248 6 u. N.R. 248 1050 1075 N.R.
262 4%) u. u. 262 1025% | 1050 1075
285 3% u. u. 285 1025%) | 1050 1050
302 N.R. 12 u. 302 N.R. 1050 1050
321 N.R. 9 u. 321 N.R. | 1000 1050
341 N.R. | N.R. 20 341 N.R. | N.R. 1000
5 9;63 NR. | NR 20 363 N.R. | NR. 1000
NOTES: -
K Alternative steel alloys may be used provided their :‘:o-'ll-'lr:-lg-hardness does not necessarily fit all ASTM
:‘;ﬁgﬂigg‘t;’”g,eets the minimum hardenability of the A290 classes, but is aligned with ANSI/AGMA
2) Based on tr.1e minimum tempering temperatures 6032-A94, table 4.
from table 3 2) N.R. (not recommended) indicates that this
) The hardness does not necessarly fit all ASTM | | (ZCTRE (10 TSl SRR o
A290 classes, but is aligned with ANSI/AGMA restricted (see 6.2, paragraph 3) and the gear manufac-
6032-A94, table 4. . turer has documentation of the hardenability of the
4 Controlling section sizes shown are for round substituted material.
sections, such as cylindrical pinions. Controlling section 3) Composition not in accordance with ASTM A290
sizes for flat sections, such as rims or plates, are typical- i

ly 70% of those for round sections. U. (unrestricted) indi-
cates that the maximum controlling section size (rim

thickness) thought possible for rolled ring forgings is not 6.4 Heat treatment

anticipated to provide any restriction; N.R. (not

recommended) indicates that this hardness and Heat treatment for mechanical properties shall
material combination is not recommended unless the consist of quenching and tempering for all classes.
chemistry of the steel is restricted (see 6.2, paragraph 3) o .

and the gear manufacturer has documentation of the Minimum tempering temperatures shall be per table
hardenability of the substituted material. 3. Re-heat treatment, not more than three times, is
% Composition not in conformance with ASTM A290. permissible without the approval of the purchaser.

Table 4 - Mechanical property requirements for through hardened alloy steel forged rings?

Minimum Minimum tensile Minimum yield Minimum Minimum reduction
hardness, strength, strength3), elongation3), in area, percent
HBW?) Ibs/in? Ibs/in2 percent

223 105 000 75 000 20 45

248 115 000 90 000 17 42

262 125 000 100 000 15 42

285 135 000 110 000 15 40

302 145 000 120 000 14 40

321 155 000 130 000 13 35

341 160 000 130 000 12 32

363 170 000 140 000 10 30
NOTES:
1) Mechanical properties in this table differ from those in other tables because of different tempering temperatures, chemistry,
controlling section size and material hardenabillity. Refer to figure 1 for an illustration of test bar location and orientation.
2) The hardness does not necessarily fit all ASTM A290 classes, but is aligned with ANSI/AGMA 6032-A94, table 4.
3 Yield strength is determined by the 0.2% offset method and elongation is determined over a 2 inch gauge length.
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