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(57) Abrege/Abstract:
A method of manufacturing a resilient rail clip comprises bending a rod, made of metal having a hardness value falling within a

known hardness value range, into a predetermined shape and then subjecting the bent rod to a cold setting process Iin order to
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(57) Abrege(suite)/Abstract(continued):
Induce In the bent rod a predetermined amount of permanent set (S). One cold setting process comprises applying a first load (F)

to part of the bent rod so as to cause a first amount of deflection of that part of the bent rod, which first load (F ) Is a predetermined
load having a value equal to or greater than that required to reach the yield point of metal having the highest hardness value In the
sald hardness value range, measuring the first amount of deflection (d,) of the said part of the bent rod achieved by applying the
predetermined first load (F,), determining, on the basis of the measured deflection amount (d ), either (i) a second load (F, + AF),
which, when applied to the said part of the bent rod, will cause the bent rod to acquire the predetermined amount of permanent set
(S), or (i) a second amount of deflection (d, + Ad,) of the said part of the bent rod required in order to bring about in the bent rod
the predetermined amount of permanent set (S), and applying the second load (F, + AF,) to the said part of the bent rod or
deflecting the said part of the bent rod by the determined second amount of deflection (d, + Ad,). An alternative cold setting
process comprises deflecting part of the bent rod by a predetermined first amount (d,) by applying a first load (F,) having a value
equal to or greater than that required to reach the yield point of metal having the highest hardness value in the said hardness value
range, measuring the amount of the first load (F,) required to achieve the predetermined first amount of deflection (d,),
determining, on the basis of the measured load, either (i) a second deflection amount (d, + Ad, ) required in order to bring about In
the bent rod the predetermined amount of permanent set (S), or (i) a second load (F, + AF, ), which, when applied to the said part
of the bent rod, will cause the bent rod to acquire the predetermined amount of permanent set (S), and deflecting the said part of
the bent rod by the determined second deflection amount (d, + Ad,) or applying the determined second load (F, + AF,) to the said

part of the bent rod.
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(57) Abstract: A method of manufacturing a resilient rail
clip comprises bending a rod, made of metal having a hard-
ness value falling within a known hardness value range,
into a predetermined shape and then subjecting the bent
rod to a cold setting process n order to induce mn the bent
rod a predetermined amount of permanent set (S). One cold
setting process comprises applying a first load (F,) to part
of the bent rod so as to cause a first amount of deflection of
that part of the bent rod, which first load (Fo) 1s a predeter-
mined load having a value equal to or greater than that re-
quired to reach the yield point of metal having the highest
hardness value in the said hardness value range, measuring
the first amount of deflection (dyx) of the said part of the
bent rod achieved by applying the predetermined first load
(Fo), determining, on the basis of the measured deflection
amount (dy), either (1) a second load (Fo, + AFx), which,
when applied to the said part of the bent rod, will cause the
bent rod to acquire the predetermined amount of permanent
set (S), or (11) a second amount of detlection (dx + Ady) of
the said part of the bent rod required in order to bring
about 1n the bent rod the predetermined amount of perma-
nent set (S), and applying the second load (Fy + AFx ) to
the said part of the bent rod or detlecting the said part of
the bent rod by the determined second amount of detlec-
tion (dx + Ady). An alternative cold setting process com-
prises detlecting part of the bent rod by a predetermined
first amount (do) by applying a first load (F) having a val-
ue equal to or greater than that required to reach the yield
point of metal having the highest hardness value in the said
hardness value range, measuring the amount of the first
load (Fx) required to achieve the predetermined

first

amount of detlection (dy), determining, on the basis of the measured load, either (1) a second detlection amount (do + Ady) required
in order to bring

[Continued on next page]
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about in the bent rod the predetermined amount of permanent set (S), or (11) a second load (Fx + AFx), which, when applied to the
said part of the bent rod, will cause the bent rod to acquire the predetermined amount of permanent set (S), and detlecting the said
part of the bent rod by the determined second deflection amount (dy + Ady) or applying the determined second load (Fy + AFx) to

the said part of the bent rod.
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METHODS OF MANUFACTURING A RESILIENT RAIL CLIP

Ll e

The present invention relates to a method of manufacturing a resilient rail clip.

Various forms of resilient rail clips are known, for example as shown and described in
GB1510224A and EP0619852B. A known method of manutacturing a resilient rail clip
comprises bending a metal rod (usually made of steel) into a predetermined shape and
then subjecting the bent rod to a cold setting process to achieve the final form of the

clip.

Such rods have a common load-deflection characteristic with a common slope (clip
stiffness) up to the elastic limit of the metal from which the bent rod is formed. Cold
sefting is intended to take the bent rod beyond that elastic limit, thereby inducing a
permanent deflection (set) into the resulting clip, such that if it is then unloaded and
taken up the load-deflection characteristic a second time, the load-deflection
characteristic will be linear up to a much higher load, that is up to the load at which the
new characteristic intercepts that for the original rod. One of the key problems in cold-
setting is that the metal rods from which the clips are made themselves vary in
hardness, typically between 44 and 48 Rockwell hardness. Since the elastic limit of
rods made from softer metal is lower than that of rods made from harder metal, if all
rods are taken to a fixed deflection, they will all unload down slightly different parallel
lines and take on different and varying amounts of set. The softer rods will take on
more set, the harder ones less set. This is illustrated in Figure 1A of the accompanying
drawings, which shows the load-deflection characteristics of a soft clip and a hard clip
and the difference in set Ag between them after cold setting. This difference in set
results in clips that have different geometries (above and beyond the variation already
inherent in manufacture), where the geometry depends on the hardness. Thus,
although these cold-set clips will all have the same stiffness, regardless of hardness,
driving these clips into a fixed assembly which deflects them all by the same amount
will result in the clips generating slightly different loads at the portion (the “toe”) of the
clip which bears on the railway rail. It is impractical to measure the hardness of each
clip to be cold set directly before the start of the cold-setting process. Moreover, as
shown in Figures 1B and 1C of the accompanying drawings, the problem cannot be
overcome simply by changing the fixed amount of deflection applied during cold-setting

(Fig. 1B), or by applving a fixed force instead of a fixed deflection (Fig. 1C), as this
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does not address the underlying problem. In the past, in an attempt to address this

problem, the rod is repeatedly cold-set a number of times, but this is not fully effective.

According to an embodiment of a first aspect of the present invention there is provided
a method of manufacturing a resilient rail clip comprising bending a rod, made of metal
having a hardness value falling within a known hardness value range, into a
predetermined shape and then subjecting the bent rod to a cold setting process Iin
order to induce in the bent rod a predetermined amount of permanent set, wherein the
cold setting process comprises: applying a first load to part of the bent rod so as to
cause a first amount of deflection of that part of the bent rod, which first load is a
predetermined load having a value equal to or greater than that required to reach the
yield point of metal having the highest hardness value in the said hardness value
range; measuring the first amount of deflection of the said part of the bent rod achieved
by applying the predetermined first load; determining, on the basis of the measured
deflection amount, either (i) a second load, which, when applied {o the said part of the
bent rod, will cause the bent rod to acquire the predetermined amount of permanent
set, or (i) a second amount of deflection of the said part of the bent rod required in
order to bring about in the bent rod the predetermined amount of permanent set; and
applying the determined second load to the said part of the bent rod or deflecting the
said part of the bent rod by the determined second amount of deflection.

According to an embodiment of a second aspect of the present invention there is
provided a method of manufacturing a resilient rail clip comprising bending a rod, made
of metal having a hardness value falling within a known hardness value range, Iinto a
predetermined shape and then subjecting the bent rod to a cold setting process in
order to induce in the bent rod a predetermined amount of permanent set, wherein the
cold setting process comprises: deflecting part of the bent rod by a predetermined first
amount by applying a first load having a value equal to or greater than that required to
reach the yield point of metal having the highest hardness value in the said hardness
value range; measuring the amount of the first ioad required {0 achieve the
predetermined first amount of deflection; determining, on the basis of the measured
first load, either (i) a second deflection amount required in order to bring about in the
bent rod the predetermined amount of permanent set, or (ii) a second load, which,
when applied to the said part of the bent rod, wili cause the beni rod to acquire the

nredetermined amount of permanent set; and deflecting the said part of the bent rod by
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the determined second deflection amount or applying the determined second load to

the said part of the bent rod.

Reference will now be made, by way of example, to the accompanying drawings, in

which:

Figures 1A to 1C (described above) show the load-deflection characteristics of two rail
clips of different respective hardness which have been cold set according to a

previously-proposed method;

Figures 2A and 2B show respective flow diagrams depicting two alternative cold setting

processes used in embodiments of the present invention;

Figure 3A shows a rail clip undergoing part of a cold setting process used in an
embodiment of the present invention and Figure 3B shows the same rail clip after cold

setting with a set caused by that cold setting process; and

Figures 4A and 4B each show the load-deflection characteristics of two rail clips of
different respective hardness, the thicker lines showing the characteristics after the
clips have been cold set according to a method embodying the present invention and
the thinner lines showing the characteristics of the clips before cold setting, in which
Figures 4A and 4B correspond respectively to methods embodying the first aspect and

the second aspect of the present invention.

According to an embodiment of the present invention a rod of metal, having a hardness
value falling within a known hardness value range, is bent into a predetermined clip
shape (see Figure 3A) and then subjected to a two-stage cold setting process, as
shown in the flow diagrams of Figure 2A or 2B. Firstly, the rod is loaded to a level
equal to or beyond the yield point of a rod having a hardness value at the top of the
hardness value range (STEP 1). Then, depending on the method being used, either a
measurement is taken of how much deflection dx has resulted in STEP 1 from a fixed
applied force Fy (STEP 2, Figure 2A), or how much force Fx has been required in STEP
1 to reach a fixed deflection dg (STEP 2, Figure 2B). In the method of Figure 2A, which
embodies the first aspect of the present invention, the measured deflection dx is then
used o determineg the amount of force Fy + Ay or second deflection amount Oy + Ady

(STER 3, Figure 2A) required in order to induce in the bent rod a predetermined
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amount of permanent set S in a second stage of the process, during which the larger
force or deflection is applied to the rod. Similarly, in the method of Figure 2B, which
embodies the second aspect of the present invention, the measured force Fy is then
used to determine the deflection dy + Adyxor second load Fy + AFx (STEP 3, Figure
2B) required in order to induce in the bent rod a predetermined amount of permanent
set S in a second stage of the process, during which the larger deflection or force is
applied to the rod. In each case the measured values are used by equipment (and/or
by a person) {o find the additional force/deflection required, for example by reference to
a predetermined look-up table or by calculation. In the second processing stage
(STEP 4), the rod is subjected to the force or deflection determined in STEP 3 of the
preceding stage, the amount of which will vary depending on the hardness of the rod,
such that the resulting clip (see Figure 3B) is always set to a point that lies along a line
that is parallel to the initial load-deflection characteristic of the original rod, as shown in
Figures 4A and 4B. In other words, as shown in Figures 4A and 4B, each clip when
unloaded will always fall back along an extension of this line, and thus all clips made
using this method will have the same amount of set, and therefore the same finished
geometry, as each other, regardless of the hardness of the rod. Thus, employing a
method embodying the present invention allows the geometry of the clip after the cold-
setting process to be closely defined, and in particular it may be more precisely defined

than the geometry of the clip before the cold-setting process.

Figure 4A shows the load-deflection characteristics for clips of different respective
hardness, before (thinner lines) and after (thicker lines) cold setting by a method
embodying the first aspect of the present invention, in which a measurement is taken of
how much deflection, dy (hard clip) or ds (soft clip), has resulted from application to the
clip of a fixed applied force Fy, and the measured deflection for that clip (d\/ds) is then
used to determine the amount of force, Fy + AFy, (hard clip) or Fy + AFg (soft clip), or
the amount of deflection, dy + Ady (hard clip) or ds + Ads (soft clip), required in order to
achieve a predetermined amount of permanent set S. All clips cold set in this manner.
throughout the whole of the hardness range, will have the same set S. Similarly,
Figure 4B shows the load-deflection characteristics for clips of different respective
hardness, before (thinner lines) and after (thicker lines) cold setting by a method
embodying the second aspect of the present invention, in which a measurement is
taken of how much force, Fy (hard clip) or Fg (soft clip), is required in order to achieve a
fixed deflection dg of the clip, and the measured force for that clip (F./Fs) is then used

to determine the amount of deflection, dy + Ady (hard clip) or dg + Ads (soft ciip), or the
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amount of force, F + AFy (hard clip) or Fg + AFg (soft clip), required in order to achieve
a predetermined amount of permanent set S. All clips cold set in this manner,

throughout the whole of the hardness range, will have the same set S.

These methods are particularly advantageous when using hydraulic equipment of the
type having force and deflection control, as this allows the determination to be made

effectively instantaneously so that there is scarcely a pause in the cold-setting process.
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Claims

1. A method of manufacturing a resilient rail clip comprising bending a rod, made of
metal having a hardness value falling within a known hardness value range, into a
predetermined shape and then subjecting the bent rod to a cold setting process in
order to induce in the bent rod a predetermined amount of permanent set, wherein the
cold setling process comprises:

applying a first load to part of the bent rod so as to cause a first amount of
deflection of that part of the bent rod, which first load is a predetermined load having a
value equal to or greater than that required to reach the yield point of metal having the
highest hardness value in the said hardness value range;

measuring the first amount of deflection of the said part of the bent rod achieved
by applying the predetermined first load;

determining, on the basis of the measured deflection amount, either (i) a second
load, which, when applied to the said part of the bent rod, will cause the bent rod to
acquire the predetermined amount of permanent set, or (ii) a second amount of
deflection of the said part of the bent rod required in order to bring about in the bent rod
the predetermined amount of permanent set; and

applying the determined second load to the said part of the bent rod or deflecting
the said part of the bent rod by the determined second amount of deflection.

2. A method of manufacturing a resilient rail clip comprising bending a rod,
made of metal having a hardness value falling within a known hardness value range,
into a predetermined shape and then subjecting the bent rod to a cold setting process
in order to induce In the bent rod a predetermined amount of permanent set, wherein
the cold setting process comprises:

deflecting part of the bent rod by a predetermined first amount by applying a first
load having a value equal to or greater than that required to reach the vield point of
metal having the highest hardness value in the said hardness value range;

measuring the amount of the first load required {o achieve the predetermined first
amount of deflection;

determining, on the basis of the measured first load, either (i) a second deflection
amount required in order to bring about in the bent rod the predetermined amount of
permanent set, or (i) a second load, which, when applied to the said part of the bent

rod, will cause the bent rod to acquire the predetermined amount of permanent set: and
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deflecting the said part of the bent rod by the determined second deflection

amount or applying the determined second load to the said part of the bent rod.
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APPLY PREDETERMINED
FIRST LOADR F; TO RQD

Y

MEASURE AMOUNT QF
DEFLECTION dy OF ROD
ACHIEVED UNDER LCAD Fq

4

STEP1

SIER2

USE d, TO DETERMINE SECOND
LOAD Fo + AFy, OR SECOND
DEFLECTION AMOUNT d, + Ads,

REQUIRED TO ACHIEVE TARGET SET

S

T Iv—l-u s Mh Mt bt

ARPLY SECOND LOAD Fo + AF,,
OR SECOND DEFLEGTION
AMOUNT dy + 80y, TO ROD

Ly ik,

STEF 3
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