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Abstract: During service, freight railroad coupling systems experience heavy loading due to various train
actions. For noncushioned railcars, the primary tensile componentzetilito transfer these forces to the
draft system is the yoke. The stress state deedlopthin a yokewvas analyzed using both strain gage
data and nonlinear finite element methodsloth static maximal loads and pseusi@atic cyclic loads
accounting fo the nonlinear material behavior, including plasticity and strain harderingm the stress
profile developed within a yoke the theoretical fatigue life was calculated using various striatidife
analysismethods cosidering both uniaxial andidxial stress conditions.Using this data, the critical
locations were confirmed and a prediction of service failure is presented.

Index Terms: yoke, stress analysis, FEA, fatigue

test, each yoke must be able to withstand a

INTRODUCTION AND PROBLEM maximum tensile load of 900 kips without failure.
DESCRIPTION Before the yoke is loaded to 900 Kkips, the
permanent set test is pemined by first loading
Finite element analysis (FEA) the yoke to 750 kips and then unloading to 5 kips
(original datum valuge After unloading, the yoke
True ultimate tensile strength (UTS) must have a permanent set no greater than 0.03

inches. While performing these tests in the lab
Since the yoke is symmetric about two planes, (test setup shown m Figure 1), 3 strain gage

a quarter symmetry model can be used ithe rosettes were attached to locations that were
FEA analysis to reduce computation time and deemed critical based on our preliminary FEA
to increase the accuracy of the results. simulations. The strain gagechtions are show

in Figure 2 marked with an 'X'.

STATIC STRESS ANALYSIS

Test Set-Up

There are two basic types of yoke failure in the

field; one being the fracture of the yoked the

other being excessive stretching thus making

removal of the yoke from the coupler system

difficult. To determinethe critical locations om Load
yoke a theoretical stress analysis was performed Direction
in conjunction with a strain gage analysis to

develop anunderstanding of the possible failure

zones within both styles of yoke.  The static v
loading conditions used for the analyses were

based on the N205 testing described in the AAR

manué (1), including the ultimate tensile test and Figurel: Test SelUp
the permanent set test. For the ultimate tensile
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Figure3: Deformation- 10x Scale

bow inward creating a negative displacement
Figure2: Rosette Locations meaurementFigure 4 plots both displacements

versus time for the duration of the entire test. To
To validate our FEA stress results we attempted illustrate the concave nature of the strap under a
to correlateboth the actual strain gage data with loading, a 10x scaled contour plot of the
the theoretical FEA results. When performing the dispgacement is shown irrigure 3. This plot
testing described in A05, the ultimate tensile displays the nature of deformation that a yoke
test is performed immediately after the permanent Will experience under a tensile load.
set test. Since the testing is continuous the graphs

shown have aabscissa of an arbitrary time. For To easily compare the stragage rosette data to
the comparison, the time is non dimensional as the results obtained from the FEA simulation a

the static FEA analysis only uses time as a conversion was performed to represent the rosette

loading placeholder; no inertia effects needed to Strains as an equivalent strain. For the tensile

be considered. In addition to the strain gage datatest, 45 degree rosettes were installed on theethr

obtained, two displacementsiere measured: locations shown irFigure 2. The strain output

longitudinal andateral, as shown iRigure 1. from each rosette consists of the three strain
measurements corresponding to the three gages

The longitudinal displacements were measured in located in each rosette. These thst@irs are

the axial direction coinciding with the direction of then converted into the three -pfane

the load. Since the loading is exclusively tensile strain§ &7 wandf _aw as shown ir(2). These

it will cause the yoke to stretcthus producing ~ directional strains, along with the eot-plane

the positive longitudinal displacement values. Strain i _@, calcuhted using Hooke's Law as

This extension of the yoke will cause the straps to shown in (3), are then transformed into the
principal coodinate system using(l) thus

Displacement: Measured vs. ANSYS outputting the three principal strainsl,7 2, and
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To facilitate a more accessible comparison
:&iiiiitz:%:u between'thg stra:ina.t a particu!ar IocationZ the
o175 —ANSYS(iat) three principal strains were integrated into a
single positive value termed the equivalent sfrain
shown in(4), based or(2). For thisequation the
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value of *eethe effective Poisson's ratio, was
0.4.

After the transformation, the output from each
strain gage rosette was plotted against the
equivalent strain obtained from the FEA results.
From Figure 5 you can see that there is very
good correlation between the theoretical results
and the measured results.
element model, this corresponds to a particular
nodal location. The nodabdation was chosen
such that thepatialcoordinats best aligned with
the actual locationf each strain gage rosette with
respect to the yoke geometry. To remain concise,
only the tail and fillet rosette locations tie
yoke are slown in Figure 6 andFigure 5. From
knowledge of failed or condemned yokes within
the field, and from our pceeding stress analysis
it can be seen that the fillet region (strap
transition) and the tail section are the two critical
locations for failure within a yoke.

In the fillet region where the strap transitions into

the butt end the stress can approach critical values

exceeding the yield strength of the material and,
in some localized areas, the true ultimatersjth.
Depending on how you define the failure of a
material, exceeding either of these values can be
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Figure5: Fillet Rosette Correlation

In the case of the finite
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Figure6: Tail Rosette Correlation

considered a failed component. Since the yoke
experiences heavy loading in the field that can
cause localized yielding within the material,
exceeding hHe vyield strength should not be
considered the criterion for failure. To design a
yoke to remain elastic for all possible loads
would not be practical. Even exceeding the
ultimate strength of a material does not
necessarily indicate the entire part hesctured,
only that a localized crack may occur in the nodal
location where the ultimate strength was
exceeded. In the fillet region, exceeding the
UTS, even in a relatively small region can lead to
complete fracture. Since this region has a
relatively snall crosssectional area, the initiation
of a crack can lead to fracture due to the small
distance needed to propagate to complete failure.
Assuming that the yoke is manufactured perfectly
(no defects, voids, etc.), it takes a very large load
to exceed his limit. Figure 7 shows the fillet
region's Maximum Principal Stress at 1000 kips.
Near this value of tensile load, complete fracture
of a yoke can be considered probable.

144 KSI

Figure7: Strap Transition: Maximum Principal Stress
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Figure8: Safety Factor Progression

Viewing the subsequent dease of the Safety subject to a large amount of strain. As libed is
Factor (SF), described in(4), acrossthe cross progressively applied, the tail material is
sectional area of the strap transition region for an extended around the butt end toward the strap
increasing tensile load displagfse portion of the  region. This stretchingan be illustrated by a
area approaching the yield limit Figure 8 plot displaying the maximum principastress
displays this progressionfrom left to right,as the vectors Figure 9 displays the tensile vectors (in
yoke is loaded to 750 kipsThis plot displays the red) of the tail portion of the yoke under the
SF at loads of 100, 300, 600 and 750 Kips. If a applied tension.

SF greater than 3 is considered ideal, then a load

of 600 Kips will create a stress state where As the material is stretched beyond ékstic

approximately half of the strap cressctional limit it undergoes permanent nonlinear
area has a SF below this value. In subsegue deformation. This deformation can be
increase in load further increase the percentage ofrepresented by a plot of the equivalent plastic
crosssectional area below this value. strain within the material. Figure 10 displays a

contour plot of the yielded material, with a dark
For the tall portlon of the yoke, the material is blue color indicatingelasticmaterial. This high
: N level of yielding can lead to a weakening of the
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Figure9: Tail RegionStress Vectors Figurel0: Yielded Material



material in the tail end. After substantial plastic developed within a yoke, but only smalyze the
deformation thematerial can no longer behave in critical areas in a general manner. The
a ductile manner and a crackliwnitiate within preliminary Stress Life fatigue analysis required
the tail end degrading the yoke's ability to the use of various material curves. Since all of
withstand the loading. Thisedradation of the the material parameters used wagiations of M
tail's load carrying capacity can preclude to a 201 Grade E steel, the only pertinent material
fracture in the strap transitioregion due to the  propeties are those describing the plasticity
reduced stiffness provided by the cracked tail curve that represents the plastic flow of the
region. In addition, this excessive deformation of Material after it has exceeded its yield limit. This
the tail necessitates the bowing inward of the nonlinear curve can be represented by a power
straps thus presenting a situation where binding law equation termed the RambeBggood

of the draft gear is a possibility. equation (9) shown in (3) with - “Ythe total
strain,, the stressk the elastic moduluK the
FATIGU E LIFE ASSESSMENT strain hardening coefficient and the strain

hardening exponent.
After developing an understanding of the stress

state developed within a yoke during the loading ©)
conditions described in N05, further analysis
was performed to gain an insight into the , =02 (- ae

potential fatigue life of a yoke. Assuming that
most yoke failure in the field is the product of
either accumulated fatigue damage accrued
during normal loading cycles or accumulated
fatigue damage in conjunction with an
abnormally large load, a fatigue analysis was
performed. The preliminary fatigue aysis
involved the comparison of material parameters
on the fatigue life. This analysis was performed
using the loading spectrum described time
proposedAAR specification M-216 (5), along
with the Modified Goodman Method (MGM®p).
Since the loading in that specification is designed
for a knuckle (a theoretically weaker component)
and due to potential loading cycles that cause
regions of the materialo exceed the material
yield, some arbitrarily devised loading blocks
were created based on the RES°@ata available

in the AAR Manuak7). Also, since the MGM is

a Stress Life fatigue analysis relying onNS
curve data and stees that remain elastic, a more
sophisticated Strain Life fatigue method was used
to account for localized plasticity and localized
yielding within the material.

Since actual values folK and n were not
available, a method utilizing the standard material
properties (UTS, vyield limit, elongation,
reduction of area) obtained from a coupon tensile
test were used to estimate the strain hardening
values as shown i(6). Figure 11 displays the
plasticity curve for each material simulated with
the yield limit and the UTS displayed on the
chart. The variation in potential UTS from the
chemical properties described in-201 is quite
large as can be displayed by the plasticity curves.

Using the loading spectrum described iR2¥6,
all stress values remain below the yield limit in
the elastic regime. This allows for the use of the

For the preceding static stress analysis, the
material properties utilized in the FEA program
were those obtained from coupon testing of our
AAR M-201 Grade E ste¢B). That analysis was
not intended to illustrate how the maddr

: : . Figure11: Grade E Plasticity C
properties will ultimately #iect the stress state gure race & Flastclly LUVes



