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Gear Tooth Bending Fatigue Crack Detection by Acoustic
Emissions and Tooth Compliance Measurements

Jeffrey Wheitner, Donald Houser and Craig Blazakis, Ohio State University

[The statementsandopinionscontained hereinarcthose oftheauthorandshouldnotbeconstruedasanofficial action or
opinionof theAmericanGear Manufacan'crsAssociation.]

ABSTRACT:

Early detection of cracksin gearteeth subjectedto standardbendingfatigue testshaslongbeen adiffic_ _L The
purpose of this paper is to present the results of gear tooth bending fatigue tests in which the combination of acoustic
emissions measurements and tooth compliancemeasurementsare exploredas tools for early crack detection. Single

tooth bending fatigue tests for severaI different gear materials were performed on an eleclrohydraulic fatigue testing
machine using a standardSAE fatigue test fixture and geargeometry. Throughout testing, acoustic emissions were

monitored t/siflgan acoustic emissions lransduceraffixed to the surfaceof the gear. Toothcompliance was measured
using an accelerometer affixed to the lower platform of the fatigue test fixture. The combination of these two crack

detection methods servesto describe such fatigue testcharacteristicsas theprobable timeof crack ir6_a_on, rate of crack
propagation, and percent of total fatigue life spent in crack propagationphase. The effects of materials, metallurgical

processes suchas carbmSzationand shot peening, and the resultant surfacefinish on the fatigue process as revealed by
these crack detection methods axealso presented.
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C. A. Blazakis, Product Design Center, Newark, Ohio
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Introduction methodsincludedye penetrantinspection,magneticparticle
inspection,eddycurrentinspection,ultrasonicinspection,and

Becausegeartoothbendingfatiguefailurestendtobe radiography.
moreseriousthananyothergearfailuremode [Alban,1985],an Two methodsfordetectingandmonitoringthegrowth
extensiveeffortisunderwayamong researchersto develop of fatiguecracks,however, havebeenfoundto be very
accuratemodels for the prediction of gear tooth bendingfatigue compatible with single tooth bending fatigue test conditions:
life as well as to generate experimental data for comparison acoustic emissions measurements and tooth compliance
with such models, measurements. Furthermore, the combination of these two

As described by Collins [Collin.%1981], "Fatiguemay be methods applied in parallel during testing has produced reliable
characterized as a progressive failure phenomenon that characterization of the fatigue process for various gear
proceeds by the initiation and propagation of cracks to an materials, surfacefinishes, etc.
unstable size." This implies that fatigue life prediction models The remainder of this paper presents the results of
must be designed to address both the crack initiation and the research aimed at exploring the use of these crack detection
crack propagation regimes of the total fatigue process such that methods on gears of various materials, surface finishes, and

metallurgical processes.

N--Ni+ Np
Test Fixture and Gear Geometry

where N is the total fatigue life, Ni is the number of cycles to

initiation,and Np is the number of cycles of propagation. In order to facilitate consistent and reproducible
This entire fatigue process, including both the crack fatigue test results, the Society of Automotive Engineers (SAE)

initiation and crack propagation phases, can be simulatedin the has developed a standard fatigue test fixture, test gear
laboratory using an electrohydraulic testing machine fitted with geometry, and testing procedure to be used throughout the
a fixture which allows a cyclic bending load to be applied gearing industry [Buenneke, et al, 1982]. The standard SAE
directly to a single gear tooth. Such testing, known as single test gear geometry has 34 teeth, a 20° pressure angle, a
tooth bending fatigue testing, allows the exploration of the diametralpitch of six, and an outer diameter of six inches. A
effects of materials, metallurgical processes, surface finish, detailed description of this test gear and fixturegeometry can be
geometry, etc. on the fatigue process, found in the above reference. Throughout this research, the

Due to the nature of this type of testing, however, the standard SAE geometry and testing procedure were used.
abilityto detect fatigue crack formation duringeach test can be Figures 1 and 2 illustrate the test fixture and the test gear
difficult. Safety concerns prohibit the close-up visual inspection geometry.
of the tooth fillet during the test. Also, the geometric Gear Materials
constraints imposed by the test fixture make conventional crack
detection methods difficult to apply during testing. Such Several materials were used for fatigue testing,

1

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 93FTM9 1993

http://www.avadocuments.com/doc/agma-93ftm9-1993
http://www.avadocuments.com/doc/agma-93ftm9-1993

