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APPARATUS FOR INITIATING FATIGUE 
RELATED DAMAGE ON A MEMBER 

TECHNICAL FIELD 

This invention relates generally to apparatus for initiating 
fatigue related damage on a member, and more particularly, 
to apparatus for initiating damage Such as pitting and the like 
on a Surface of a member resulting from the Simultaneous 
occurrence of StreSS related to a bending moment and a 
Superimposed contact StreSS. 

BACKGROUND ART 

Currently, known apparatus for initiating fatigue related 
pitting and other damage and distress on Surfaces of mem 
berS Such as test Specimens for gears, shafts, and other 
components, include geared roller test machines operable 
using a sliding and rolling action. However, the sliding and 
rolling action has been found to be less than Satisfactory as 
a tool for determining the onset of fatigue related Surface 
damage for purposes Such as developing optimal Surface 
properties, qualification of materials and the like, where the 
component is to be simultaneously Subject to a StreSS con 
dition resulting from a bending moment and a Superimposed 
COntact StreSS. 

Accordingly, the present invention is directed to over 
coming the problems as Set forth above. 

DISCLOSURE OF THE INVENTION 

In one embodiment of the present invention apparatus for 
initiating fatigue related damage Such as pitting and the like 
on a circumferential Surface extending around an axis of a 
member is disclosed. The present apparatus includes Struc 
ture for Supporting the member for rotation about the axis, 
Structure for applying a load to the member during the 
rotation thereof to create a bending moment at a predeter 
mined axial location on the member and a resultant tensile 
StreSS condition at a predetermined location on the circum 
ferential Surface thereof. The apparatus further includes 
Structure for creating a contact StreSS at the predetermined 
location on the circumferential Surface of the member, 
including a member having a circumferential Surface posi 
tioned for rotating contact with the circumferential Surface 
of the first named member at the predetermined location, and 
Structure biasing the Second named member against the first 
named member during the rotating contact. 

According to a preferred embodiment, the member is a 
shaft Supported at one end by a plurality of bearings and is 
rotated by a motor. The load is applied adjacent an opposite 
end of the shaft such that the bending moment and the tensile 
StreSS condition are concentrated at an intermediate location 
along the Shaft adjacent the last of the bearings. The pre 
ferred Structure for creating the contact StreSS includes a ball 
biased against the predetermined location on the circumfer 
ential Surface of the shaft by fluid under pressure, which 
fluid is preferably a oil and serves as a lubricant for the 
rotating contact. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, ref 
erence may be made to the accompanying drawings in 
which: 

FIG. 1 is a Side view in partial cross-section of apparatus 
for initiating the onset of fatigue related damage according 
to the present invention; 

FIG. 2 is an end view of structure of the apparatus of FIG. 
1 for creating a contact StreSS on the circumferential Surface 
of the member; and 
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2 
FIG. 3 is a cross-sectional view of the structure of FIG. 2. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Referring now to the drawings, the numeral 10 in FIG. 1 
identifies apparatus for initiating the onset of fatigue related 
damage constructed and operable according to the teachings 
of the present invention. Apparatus 10 is shown in associa 
tion with a member 12 which is an elongated Shaft having a 
cylindrical shaped outer circumferential Surface 14 extend 
ing around a central axis 16, on which circumferential 
Surface 14 the onset of the fatigue related damage is to be 
initiated during rotation of the member by apparatus 10. 
Member 12 further includes a first axial end portion 18, an 
opposite Second axial end portion 20, and an intermediate 
portion 22 located therebetween. Member 12 is contem 
plated to be made from a metallic material having a 
composition, Surface hardness, and other properties for 
which the period of time before initiation of the onset of 
fatigue related damage and other information is desired to be 
determined. 

Apparatus 10 includes a structure 24 for Supporting 
member 12 for rotation about axis 16. Structure 24 includes 
a rigid frame 26 on which a plurality of bearings 28 are 
rigidly mounted using Suitable means, Such as bolts 30 
which pass through holes 32 in Structure 24 and are Secured 
in position using nuts 34 in the conventional manner. Each 
bearing 28 is of conventional, commercially available con 
Struction and includes a central passage 36 therethrough 
adapted for cooperatively receiving member 12 in rotatable 
Supportive relation thereto, passages 36 of the bearings 
being aligned about axis 16 of member 12 as shown. 
Structure 24 further includes a first pulley 38 mounted about 
first axial end portion 18 of member 12 for rotation 
therewith, a second pulley 40 mounted to an output shaft 42 
of a drive motor 44, and an endless belt 46 encircling first 
pulley 38 and second pulley 40, to allow rotation of member 
12 about axis 16 by motor 44 in the conventional manner 
when energized by a Suitable power Source Such as electric 
ity or the like. 

Apparatus 10 further includes structure 48 for applying a 
load to member 12 during the rotation thereof to create a 
bending moment at a predetermined axial location along the 
member and a resultant tensile StreSS condition on circum 
ferential surface 14 thereof. The preferred structure 48 
includes a bearing link assembly 50 including a bearing 28 
mounted to a link 52 with at least one bolt 54, bearing 28 
having a hole 36 therethrough for cooperatively receiving 
member 12 for rotation relative to link 52. Link 52 in turn 
is pivotally connected by a pin 56 to one end of a load cell 
58, the opposite end of which load cell is pivotally con 
nected to one end of a Spring link 60 with a pin 62. Spring 
link 60 is pivotally connected at its opposite end to one end 
of a pivot arm 64 with a second pin 62. Pivot arm 64 is 
pivotally connected to frame 26 with a pin 66 extending 
through pillow block bearings 68 bolted to the frame with 
bolts 70. Additionally, pivot arm 64 is pivotally connected 
with a third pin 62 to one end of a draw link 72, draw link 
72 having an opposite end threadedly engaged with a feed 
screw 74 mounted for rotation in an aperture 76 through a 
portion of frame 26. Feed screw 74 is mounted to a hand 
wheel 78 for rotation therewith, hand wheel 78 being 
manually or otherwise rotatable to apply a tensile force to 
draw link 72, which tensile force is transmitted through third 
pin 62 to pivot arm 64, and through pivot arm 64 to second 
pin 62 to spring link 60. The tensile force as denoted by 
arrow A is then transmitted through spring link 60 and first 
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pin 62 to load cell 58, and through load cell 58 and pin 56 
to bearing link assembly 50 of structure 48 so as to be 
applied to member 12 to create a desired bending moment at 
a predetermined axial location along member 12. Here, 
bearings 28 in Supportive relation to member 12 are located 
between first end portion 18 and intermediate portion 22 
thereof, such that the desired bending moment will be 
present at an axial location 80 in close proximity to the 
bearing 28 closest to intermediate portion 22 of member 12. 
This arrangement also causes a desired resultant tensile 
StreSS condition to be present on circumferential Surface 14 
of member 12 at a location 82 generally corresponding 
axially with axial location 80. Here also, it should be noted 
and understood that location 82 is a fixed location and that 
circumferential Surface 14 will rotate through that location 
Such that the various circumferential portions of Surface 14 
around axis 16 at axial location 80 will be cyclically subject 
to the tensile StreSS condition when they rotate through 
location 82. 

Referring to FIGS. 2 and 3, apparatus 10 additionally 
includes Structure 84 for creating a contact StreSS at location 
82 on circumferential Surface 14. Structure 84 includes a 
housing 86 mounted to frame 26 of structure 24 with bolts 
88 in abutting relation to the bearing 28 closest to axial 
location 80 (FIG. 1). As best shown in FIG. 3, housing 86 
has a passage 90 extending therethrough adapted for receiv 
ing member 12 for rotation therein, and a threaded Sidewall 
92 defining a cavity 94 adapted for threadedly receiving an 
insert 96 made from a self lubricating material such as 
Teflon(R) brand tetrafluoroethylene available from Dupont. 
Insert 96 includes a passage 98 therethrough in communi 
cation with passage 90 and with an oil passage 100 in fluid 
communication with an oil feed line 102 connected to 
housing 84 for delivering oil under pressure to passage 98 
from a source of pressurized oil 104. A ball 106 having an 
outer circumferential surface 108 is supported by insert 96 
in passage 98 for rotating contact with circumferential 
surface 14 during the rotation of member 12. Structure 84 
includes suitable means for biasing ball 106 against member 
12 during the rotating contact, to create a contact StreSS on 
circumferential Surface 14 of member 12 at location 82. 
Such means can include, but are not limited to, oil under 
pressure (not shown) communicated from oil source 104 
through oil feed line 102 and oil passage 100 to passage 98 
and operable to bias ball 106 against member 12 during the 
rotation. Some of the oil will flow around circumferential 
Surface 108 of ball 106 and between Surface 106 and Surface 
14 to provide lubrication therebetween, the excess oil then 
flowing through passage 90 and exiting therefrom through 
an oil drain line 110 communicating passage 90 with a 
repository for the oil or a return line in communication with 
oil source 104 (not shown). An annular oil retainer 112 is 
mounted around circumferential Surface 14 of member 12 to 
contain the oil in passage 90 and direct its flow into oil drain 
line 110. Other suitable means for biasing ball 106 against 
member 12 can include, for instance, a weight bearing 
downwardly against ball 106, a mechanical device Such as 
a Spring, other fluids acting against ball 106 Such as air under 
preSSure, and electromechanical devices Such as a Solenoid 
armature or the like. 
The combination of the tensile StreSS condition applied at 

location 82 by structure 48 and the contact stress condition 
applied by ball 106 have been found to create an environ 
ment conducive to the onset of fatigue related damage and 
distress, particularly pitting, on Surface 14. To determine the 
onset of the damage and evaluate its extent, various means 
can be used. Referring to FIGS. 2 and 3, such means can 
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4 
include a conventionally constructed and operable oil pres 
sure transducer 114 in communication with oil passage 100 
to Sense variations in oil preSSure resultant from Skipping, 
bouncing and other movements of ball 106 indicative of 
changes in the condition of Surface 14, Such as pitting and 
the like. Also, Such means can include a conventionally 
constructed and operable accelerometer 116 operable to 
sense vibrational movements of ball 106. Still further, a 
conventionally constructed and operable speed Sensor 118 
(FIG. 2) for magnetically or otherwise Sensing variations in 
the rotational speed of ball 106 can be used for comparison 
with rotational speed of member 12, differences in such 
Speeds evidencing changes in Surface conditions. Informa 
tion representative of Such changing conditions can be 
communicated from a respective transducer 114, accelerom 
eter 116 and/or speed Sensor 118 to a data acquisition device 
in the conventional manner via wires 120, 122 and 124 in 
communication there with. 
Industrial Applicability 
The present apparatus for initiating fatigue related dam 

age on a circumferential Surface of a rotatable member has 
utility for evaluating material properties, as well as the 
effects of lubricants used and additives thereto. The inven 
tion is particularly well Suited for qualification of materials 
for use in gears, Shafts and other componentry exposed 
under normal operating conditions to bending induced 
fatigue and contact StreSS. 

Other aspects, objects and advantages of the present 
invention can be obtained from a Study of the drawings, the 
disclosure and the appended claims. 
We claim: 
1. Apparatus for initiating fatigue related damage on a 

circumferential Surface of a member, the circumferential 
Surface extending around an axis of the member, the appa 
ratus comprising: 

Structure for Supporting the member for rotation about the 
axis, 

Structure for applying a load to the member during the 
rotation thereof to create a bending moment at a 
predetermined axial location on the member and a 
resultant tensile StreSS condition at a predetermined 
location on the circumferential Surface thereof; 

Structure for creating a contact StreSS at the predetermined 
location on the circumferential Surface of the member, 
including a member having a circumferential Surface 
positioned for rotating contact with the circumferential 
Surface of the first named member at the predetermined 
location, and means biasing the Second named member 
against the first named member during the rotating 
COntact. 

2. Apparatus, as Set forth in claim 1, wherein the Structure 
for Supporting the first named member comprises a plurality 
of aligned bearings. 

3. Apparatus, as Set forth in claim 1, wherein the Structure 
for applying the load to the first named member comprises 
a load cell to allow determining the magnitude of the load 
applied. 

4. Apparatus, as Set forth in claim 3, wherein the Structure 
for applying the load to the first named member further 
comprises a mechanism allowing varying the load. 

5. Apparatus, as Set forth in claim 1, further comprising a 
rotating power Source for rotating the first named member. 

6. Apparatus, as Set forth in claim 1, wherein the means 
biasing the Second named member against the first named 
member comprises a fluid under pressure in fluid commu 
nication with the Second named member. 

7. Apparatus, as Set forth in claim 6, further comprising a 
preSSure transducer in communications with the fluid under 
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preSSure operable for Sensing pressure changes in the fluid 
resulting from pitting on the circumferential Surface of at 
least one of the first named member and the Second named 
member. 

8. Apparatus, as Set forth in claim 1, further comprising an 
accelerometer for detecting movements of the Second named 
member indicative of pitting on the circumferential Surface 
of at least one of the first named member and the Second 
named member. 

9. Apparatus, as set forth in claim 1, wherein the first 
named member comprises an elongated Shaft having a first 

6 
end, an opposite Second end, and an intermediate portion 
located therebetween, the Structure for Supporting the first 
named member comprises a plurality of aligned bearings 
Supporting the shaft adjacent the first end thereof, and the 
Structure for applying the load comprises a load attached to 
the Shaft adjacent the Second end thereof. 

10. Apparatus, as Set forth in claim 1, wherein the Second 
named member comprises a ball. 


