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Rotary coupler assembly for railway vehicle.

@ A rotary railway coupler (10) is provided having compound fillets (94, 96) of variable increasing radii of
curvature inserted between the shank (84) and the butt end (54) of the coupler (10). The compound
fillets (94, 96) reduce the stress concentration between the shank (84) and the butt end (54) of the
coupler (10) by distributing the stress over a greater curved surface area in order to decrease the
possibility of fatigue cracking and failure at the transition surface between the coupler shank (84) and
butt end (54). The compound fillet (94, 96) may also be arranged to undercut the surfaces (78, 80, 86, 88)
of the coupler shank (84) and butt end (54) in order to reduce metal build-up at this location.
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The present invention relates generally to railway
vehicle coupler members and more particularly to an
improved rotary coupler.

Railway cars are connected together with coupler
members, namely drawbars or couplers. Drawbars
are integral units known to be used in the railroad
industry to extend between and permanently connect
two or more railcars. Couplers are independent units
in each car which interconnect with one another be-
tween adjacent cars, to form a connection. In either
instance, a shank and butt end of the drawbar or coup-
ler extends into the center sill of a railway car where
it is secured to transmit longitudinal loads to the car.

Rotary couplers permit commodities, such as ore,
taconite, coal, grain, phosphate and the like, to be dis-
charged or emptied by rotating each car individually
while still connected to an adjacent car.

The couplers used currently in rotary applications
have transition surfaces comprising radial fillets which
extend between the shank and the butt end at both the
top and bottom of the coupler.

With the introduction of high mileage and high
load unit trains, forces acting on the couplers have
increased drastically. A problem that has occurred in
the currently used couplers with the advent of
increased mileage and loads is the formation of fati-
gue cracks in the radial fillets between the shank and
the butt end of the coupler. If these cracks become too
great, the couplers can fracture causing the coupled
connection to fail. Another problem with the currently
used couplers is that, as the coupler angles vertically
and horizontally within a yoke inside the center sill,
metal builds up between the coupler and the yoke at
the radial fillets between the shank and the butt end
of the coupler. If the metal builds up too greatly, an
undesirable bending moment occurs which can result
in higher stress and potential fatigue cracks or failure.
Such potential failures are a serious enough problem
to consider modification of the coupler design.

Accordingly, it is an object of the present inven-
tion to provide an improved rotary coupler that has a
lessened potential for fatigue cracking in the transition
surface between the shank and the butt end of the
coupler.

By the present invention, it is proposed to over-
come the difficulties encountered heretofore. To this
end, it has been discovered that using a compound fil-
let having a variable radius of curvature instead of a
fillet having a constant radius greatly reduces the
stress concentration between the shank and the butt
end of the coupler by distributing the stress more
evenly over a greater surface area. The compound fil-
let may also be constructed to undercut the surfaces
of the shank and the butt end of the coupler which
reduces the potential for metal build-up. While a para-
bolic-shaped compound fillet is preferred, other cur-
ves having variable radii of curvature such as ellipses
or catenaries could also be used to reduce the stress
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concentration. This reduction of stress concentration,
in turn, reduces the likelihood of fatigue cracks be-
tween the shank and butt end of the coupler.

An embodiment of the present invention will now
be described, by way of example only, with reference
to the accompanying drawings; in which:

Figure 1 is a side elevation view, partially in sec-

tion, of a preferred embodiment of the invention

with certain parts broken away for clarity;

Figure 2 is a top section plan view of the

apparatus shown in Figure 1;

Figure 3 is an enlarged partial elevation view

showing a radial fillet extending between a shank

and a butt end of a prior art coupler member;

Figure 4 is an enlarged partial elevation view in

which a preferred compound fillet of the present

invention has been added and is shown in com-
parison to the prior art radial fillet (dashed); and

Figure 5 is a graph depicting the approximation of

an example of a parabolic curve in accordance

with the preferred embodiment of the invention.

In Figures 1 and 2, a Type F rotary coupler mem-
ber embodying the improved design of the present
invention is shown generally at 10. The coupler mem-
ber 10 extends within an open end 12 of a center sill,
generally 14, which is secured longitudinally beneath
a railway car (not shown). The center sill 14 is of a
standard construction comprising an inverted U-sha-
ped channel member 16 having a top wall 18, side
walls 20 and 22 and outturned flanges 24 and 26 at
the lower open bottom 28.

A coupler yoke 30 is located within the center sill
14 and includes a bottom wall 32 and a top wall 34.
The yoke 30 is mounted within the center sill 14 on a
support plate 36 and a support channel 38, both of
which are fastened to the sill flanges 24 and 26.

A striker assembly 40 is secured within the open
end 12 of the center sill 14 and includes a top wall 42
and side walls 44 and 46, the side walls 44 and 46
which extend rearwardly and gradually increase in
thickness, terminating at striker stops 48 and 50 res-
pectfully.

A spherical face 52 on a butt end 54 of the coupler
member 10 fits against a matching spherical face 56
of afollower block 58. The follower block 58 is located
between the bottom wall 32 and the top wall 34 of the
yoke 30, as well as between the side walls 20 and 22
of the center sill 14. The follower block 58 is further
held against the striker stops 48 and 50 of the striker
assembly 40 by a draft gear (not shown).

A front portion 60 of the yoke 30 has an opening
62 leading to a cavity 64 for receiving the butt end 54
of the coupler member 10. The opening 62 is elon-
gated from side-to-side. Accordingly, the elongated
dimension of the coupler butt end 54 is aligned with
the elongated dimension of the opening 62 and inser-
ted through the opening 62 and into the yoke cavity
64. Once the coupler butt end 54 is past the opening
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62, it is rotated 90° so the elongated dimension of the
coupler butt end 54 is no longer aligned with the elon-
gated dimension of the coupler opening 62 and
retainer keys 66 and 68 are inserted in yoke slots 70
and 72 to keep the coupler butt end 54 from undesired
removal from the yoke cavity 64 during rotation.

The top wall 32 and the bottom wall 34 of the yoke
30 increase in thickness at the front portion 60 of the
yoke 30 and include pocket portions 74 and 76 which
receive shoulders 78 and 80 on the butt end 54 of the
coupler member 10 to center the butt end 54 of the
coupler member 10 within the center sill 14 and trans-
fer the draft loads of the coupler member 10 to the
striker assembly 40 and the center sill 14. The buff
loads from the coupler member 10 are transmitted
directly to the follower block 58 which transfers the
loads to the draft gear (not shown) and into rear stops
(not shown) for transmittal to the center sill 14. The
shoulders 78 and 80 of the coupler butt end 54 and the
yoke pocket portions 74 and 76 have spherical sur-
faces which, along with the spherical faces 52 and 56
of the coupler butt end 54 and the follower block 58
respectively, permit horizontal and vertical angling of
the coupler 10 within the center sill 14.

The coupler member 10 further includes a head
end 82 for interconnection with another coupler mem-
ber head (not shown) of a second railway car (not
shown) and a shank portion 84 between the butt end
54 and the head end 82 of the coupler member 10.
The shank portion 84 has a bottom wall 86, a top wall
88, and side walls 90 and 92. Transition fillets 94 and
96 extend between the shank bottom wall 86 and the
bottom spherical shoulder 78 as well as the shank top
wall 88 and the top spherical shoulder 80 respectively.

In the prior art, these transition fillets were com-
prised of a radial fillet having a constant radius of cur-
vature. A top transition fillet 98 of the prior art is shown
in Figure 3 to extend between a top wall 100 of a coup-
ler shank 102 and a top spherical shoulder 104 of a
coupler butt end 106. It is in the transition fillet 98 that
fatigue cracks have been found to form.

Figure 4 shows an enlarged transition fillet 96
extending from the top wall 88 of the shank portion 84
and the top spherical shoulder 80 of the butt end 54
of the coupler 10. It is to be understood that the design
profile in the bottom and the top transition fillets 94
and 96 is similar. The radial fillet of constant radius of
curvature has been replaced with the parabolic fillet
96 having a variable radius of curvature thatincreases
with the distance away from the spherical shoulder 80
of the coupler butt end 54. The prior art design profile
is shown in dashed lines in Figure 4 to illustrate the
modifications in said improved design profile.

The substitution of the parabolic fillet 96 greatly
reduces the stress concentration between the top wall
88 of the coupler shank portion 84 and the spherical
shoulder 80 of the coupler butt end 84 by distributing
the load over a longer, smoother curved surface area,
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namely along the entire parabolic curve 96, instead of
the mere radial fillet 98 of the prior art design profile.
This reduction in stress concentration reduces the
likelihood of fatigue cracks forming between the
shank portion 84 and the butt end 54 of the coupler
member 10.

A static stress comparison between the improved
design and the standard design of the prior art has
been conducted. Based on axial draft loading to 300
Kips, the improved design provided an average stress
reduction of approximately 30% relative to the stan-
dard design of the prior art in the transition area be-
tween the shank 84 and the butt end 54 of the coupler.
These results indicate that the improved design of the
present invention will provide for enhanced fatigue
strength.

The parabolic fillet 96 undercuts a portion of the
top wall 88 of the coupler shank 84 and the spherical
shoulder 80 of the coupler butt end 54 which also
eliminates the potential for metal build-up which can
add an undesirable bending moment and, in turn,
higher stress, when the coupler member 10 is angled
inside the yoke 30.

A parabolic fillet is preferred due to the small
space envelope which is available along the x and y
axes as shown in Figure 4. The distance along the y
axis may not be increased a great amount over the
prior art design since the fillet may not extend any
higher into the spherical shoulder 80 of the coupler
butt end 54 which interfaces with the pocket portion
76 of the yoke 30. Such an extension of the fillet would
result in the loss of interchangeability with yokes of
present design. The distance along the y axis may be
increased slightly at the bottom undercutting the top
wall 88 of the coupler shank portion 84 as shown in
Figure 4. The distance along the x axis is greater in
the improved design, however, as the parabolic fillet
extends further onto the top wall 88 of the coupler
shank portion 84 in the direction of the coupler head
end 82.

To construct an approximate parabolic fillet 96
profile, the distances along the x and y axes may be
divided into the same number of segments and iden-
tically numbered from top to bottom and from left to
right as shown in Figure 5. Points having the same
number are then connected by straight lines resulting
in an envelope of gradually increasing radius which
approximates a parabolic curve.

The parabolic fillet 96 can also be constructed
using the parabolic equation y2 = 2fx with the origin of
the parabola located at point 108 where the spherical
shoulder 80 of the coupler butt end 54 meets the fillet
96 as shown in Figure 4. The constant f in the para-
bolic equation is selected in accordance with the x
and y space limits for the given shank and butt tran-
sition.

While a parabolic fillet is preferred, other com-
pound curves of variable radii of curvature such as



5 EP 0475 632 A1

ellipses or catenaries would also reduce the stress
concentration. Furthermore, while an F type coupler
head is shown in the drawings, identical modification
could be made to other coupler types to achieve the
same result.

The foregoing description and drawings explain
and illustrate the best known mode of the invention
and those skilled in the art who have the disclosure
before them will be able to make maodificatlons and
variations therein without departing from the scope of
the invention which is defined in the following claims.

Claims

1. A rotary coupler connection of the type having a
rotary coupler member received in a yoke which
has been installed in a center sill of a railway ve-
hicle, said rotary coupler member having a head
end, a butt end and a shank between said head
end and said butt end, wherein

at least one transition surface extends be-
tween said shank and said butt end of said coup-
ler member, said transition surface comprising a
compound fillet having a variable radius of curva-
ture, said variable radius of curvature increasing
with distance away from said butt end of said
coupler member.

2. The connection according to claim 1 in which said
compound fillet is recessed below a top surface
of said shank of said coupler member.

3. The connection according to claim 1 or 2 in which
said compound fillet is recessed within an outer
surface of said butt end of said coupler member.

4. The connection according to claim 1, 2 or 3 in
which said compound fillet has a profile which
approximates that of a parabolic curve.

5. The connection according to claim 1, 2 or 3 in
which said compound fillet has a profile which
approximates that of a catenary curve.

6. The connection according to claim 1, 2 or 3 in
which said compound fillet has a profile which
approximates that of an elliptic curve.

7. The connection according to any preceding claim
in which a said transition surface extends be-
tween a top wall of said shank and a top shoulder
portion of said butt end of said coupler member
and a second said transition surface extends be-
tween a bottom wall of said shank and a bottom
shoulder portion of said butt end of said coupler
member, said top and bottom shoulder portions of
said butt end of said coupler including spherical
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10.

1.

12.

13.

surfaces corresponding to mating surfaces on
pocket portions of said yoke.

A rotary coupler member for use in a railway ve-
hicle, said rotary coupler member having a head
end, a butt end and a shank between said butt
end and said head end, wherein:

at least one transition fillet is located be-
tween said butt end and said shank of said coup-
ler member, said transition fillet having a
compound radius which increases with distance
away from said butt end of said coupler member.

The member according to claim 8 in which one
said transition fillet is located between a top
spherical shoulder portion of said coupler butt
end and a top wall of said coupler shank and a
second said transition fillet is located between a
bottom spherical shoulder portion of said coupler
butt end and a bottom wall of said coupler shank.

The member according to claim 9 in which said
transition fillets undercut said top and bottom
spherical shoulder portions of said coupler butt
end and said top and bottom walls of said coupler
shank.

The member according to claim 8, 9 or 10 in which
said transition fillet has a profile which approxim-
ates that of a parabolic curve.

The member according to claim 8, 9 or 10, in
which said transition fillet has a profile which
approximates that of a catenary curve.

The member according to claim 8, 9 or 10, in
which said transition fillet has a profile which
approximates that of an elliptic curve.
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