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) Laminated fork.

@ A fork (10) for use with a fork lift truck is manufactured from a plurality of lamination layers (30,32,34,36).
The layers may be of the same material or different materials to reflect the stresses imposed on the different
layers. Layers subjected to high tensile stresses may be manufactured from high tensile materials while layers
subject to lesser stresses may be made from less expensive materials. The layers may occur in any one or
more of the blade (12), shank (16) or heel (14) areas of the fork to meet the stresses involved. Various areas
may have different numbers of layers, a particular advantage occurring in use of reinforcing layers in the heel
(14) area. The lamination layers are secured to one another by adhesives or by welding or the like.
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This invention relates to improvements in forks for material handling vehicles popularly known as lift
trucks.

Forks for use with lift trucks are typically manufactured of steel or other metallic members. The fork
comprises a blade, a heel and a shank. Various means may be used to attach the fork to the lift truck. Forks
may be of any size or configuration required to carry the load intended. Most often forks are used with the
blade extending substantially horizontally and the shank extending substantially vertically upwardly. Occa-
sionally, however, forks are used where the blade is substantially horizontal and the shank portion extends
substantially vertically downwardly. These latter types of forks are referred to in this disclosure as inverted
forks.

Forks are typically manufactured from steel. The steel may be configured in the desired shape for the
cross-sectional configuration for the shank and blade. Where the fork is intended to carry relatively larger
loads, then the thickness of the material normally requires that the material be heated, at least in the region
of the heel so that the material can be bent into the typical substantially right angle configuration. In many
cases an upset procedure is used to ensure thickening of the fork material in the heel region. This is often
advantageous because the stresses are highest in the heel region and thicker metal can be used to carry
those stresses. Similarly the tip of the blade may be considerably thinner in cross-section than the portions
of the fork immediately adjacent to the heel as the stresses at the tip of the blade are considerably lower
than adjacent the heel.

While forks which have been made to date are entirely satisfactory in terms of load carrying capabilities
there are some significant limits in the manufacturing processes. As the load to be carried by the fork
increases, the cross-sectional area of the shank and blade adjacent the heel must also increase in order to
carry those stresses. As the bar of material from which the fork is made increases in cross-sectional area so
foo does the power required to bend the fork to the appropriate configuration. With a larger fork a very
much larger press may be required.

In the past specialized forks have been created where special needs dictate. Thus, where a fork is to be
used in an atmosphere where sparking is not permitted, a fork formed from a solid steel bar may be surface
coated with brass or bronze or be made from solid brass or bronze or the like to reduce or eliminate
sparking. Similarly, if there are corrosive conditions to be encountered a fork may be coated with various
forms of surface coating or made entirely from a suitable material such as stainless steel all to meet
whatever need is required.

In accordance with the present invention the fork has a plurality of lamination layers. While the fork will
have a blade, a heel and a shank, any one or more of those portions of the fork may be formed from a
plurality of lamination layers. Each lamination layer is fixed to the next adjacent layer so that stresses are
communicated from one layer into the next adjacent layer. Fixation of the layers may be accomplished with
adhesives or by welding.

A method for making such a fork involves bending a first lamination layer in a die. A second lamination
layer may be bent using the first layer which remains in the die to form the next lamination. This can be
repeated for as many layers as desired. The layers may be fixed to each other as they are bent or after all
bending has been completed.

A more complete understanding of the invention can be gained from review of the attached drawings
which illustrate preferred embodiments of the invention and in which:

Figure 1 is a view of a fork formed in accordance with the invention;

Figure 2 is a vertical section through the fork of Figure 1 showing the lamination layers;

Figure 3 is a vertical section view similar to Figure 2 illustrating use of lamination layers in the heel of a
fork only;

Figure 4 is a cross-section through the blade of the fork of Figure 1 along line 4-4, and

Figure 5 is a view similar to Figure 2 showing a vertical section through an inverted fork and illustrating
the lamination layers.

An analysis of stresses in typical forks clearly shows that the stresses are tensile in form in the top
surface of the blade, the inner heel radius and on the inside surface of the shank. The stresses are of a
compressive form on the opposite side of each of the portions of the fork. Both stresses approach zero in a
substantially linear fashion from the surface to the neutral axis of the cross-section of the fork. When a fork
is used as an inverted fork the tensile stresses are in the upper surface of the blade, the outside radii of the
heel and the outside surface of the shank. The compressive forces are thus located on the lower surface of
the blade, the inside radius and the inner surface of the shank. (In each case this is assuming the load is
applied to the upper surface of the blade.) This unalterable characteristic of fork stresses allows for forks to
be manufactured with the tensile surface being made of a material of sufficient strength to withstand the
applied tensile forces while the subsurface materials can be of lesser tensile strength but which are
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sufficient fo withstand the loads at the given location.

This invention takes advantage of this phenomenon and permits production of forks in laminated layers
instead of using a solid bar. The tensile layer is of a strength to provide the basic surface capabilities while
providing sufficient thickness to allow the use of any desired joining media. Each successive lamination
layer is to be of any desired thickness and strength. The exact parameters of each layer is dependent upon
the total thickness and width of the fork and the load to be applied.

In accordance with this invention the fork designer has complete freedom as to the number of
lamination layers, the thickness of the lamination layers and the location of the lamination layers. In certain
cases only the shank will be laminated. In other cases only the blade will be laminated and in still other
cases it will be only the heel area that contains lamination layers. These may be combined as the designer
chooses.

The individual lamination layers are affixed to one another. This may be done by applying adhesives
that form chemical bonds or by any form of welding. Suitable adhesives for bonding layers of steel include
epoxy resins and urethanes.

In this disclosure the term top surface is used to describe the surface that is loaded in tension under
load. In most cases this will be the upper surface of the blade and in the case of a typical fork would be the
inner surface of the shank, while in the case of an inverted fork would be the outer surface of the shank.
The top surface of a fork requires a yield point which provides a three to one safety factor in accordance
with the following calculation:

Stress = Load x Load Centre x y

I
where
I = bd’
12

where

b= fork width

d= fork thickness

y = distance of the top surface from the neutral axis

With conventional use, the fork normally requires the top surface to possess a yield point of 120,000 psi
or greater in the region of the inner heel radius, (for a typical fork), with the strength requirements reducing
as the distance from the heel radius increases. With standard production methods used heretofore it is
typical that the whole fork meets the minimum yield values over all surfaces. With the laminated fork of this
invention it is possible to use select materials peculiar to the needs of a particular layer or area, though in
most cases the entire top surface would be of the same material for best economics. The top layer may be
manufactured from a steel which meets minimum yield strength as required. Typically such materials would
include steels known as C4140, C4340, C15B37, high strength low alloy steels or similar steels. For the
purposes of this specification these materials are referred to as hi-tensile materials. Where desired separate
inserts may be included in a laminated fork. This may include the use of manganese steel for wear
resistance at fork tips and the like.

The thickness of the top layer is variable and is determined by an adaptation of the previous formulae:

Stress2 x I

Y - = 4
Load x Load Centre
where
di = thickness of the top layer
Stress, = the yield point of the second layer

The actual stress requirements for the second and subsequent layers reduce at a sufficient rate to allow
the second and subsequent layers to be of comparatively lower tensile strength materials. This permits the
use of low tensile materials such as steels identified as C1010, C1015, C1018 or equivalent material. The
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use of a second heat treated layer or a selected high strength low alloy steel in the second layer would
reduce the thickness of the first layer. It is also possible to include plastics or aluminium in the central layer
if the interests of the weight of the fork supersede the usual economic requirements.

The use of lower strength materials such as C1010, C1015, C1018 or equivalent material in the bottom
layers is sufficient as the compressive strength of such materials far exceeds the tensile strength and
compression action is not normally a feature of fatigue failure mechanism within the confines of fork
stresses. However, within the bounds of this invention the material of the bottom layer may be modified at
will to suit specific requirements. While it may be appropriate to vary the material from lamination to
lamination, it is within the scope of this invention to create a fork having a plurality of lamination layers
where all of the layers are of the same material. It is possible to make a fork of sufficient thicknesses
required to resist flexing at the designed load of entirely low strength materials by using sufficient
thicknesses and numbers of lamination layers. A fork required to resist corrosion could be made entirely
from stainless steel. A very light fork could be made from aluminium. A spark resistant fork could be made
entirely from brass or a series of brass or bronze alloys, again reflecting the surface strength requirements.

Figure 1 illustrates a fork 10 having a blade 12, a heel 14 and a shank 16. This fork as illustrated is
intended to be used in the conventional fashion, that is with the blade extending substantially horizontally
and the shank extending substantially vertically upwardly from the blade. The fork has an inner surface 20
which comprises the upper surface of the blade 12, the inner radius of the heel 14 and the inner surface of
the shank 16. The fork has an outer surface 22 which comprises the lower surface of the blade 12, the outer
radius of the heel 14 and the outer surface of shank 16. In this fork the surface 20 will be loaded in tension
while the surface 22 will be loaded in compression.

Figure 2 illustrates the lamination layers of the fork of Figure 1. In this example the shank 16 includes
four lamination layers 30, 32, 34 and 36. The blade 12 also includes the same four lamination layers 32, 34
and 36. As is typical with most forks the blade is tapered in the region 40 as the stresses are considerably
lower towards the tip of the fork than adjacent the heel region. In order to accomplish this the layer 36
which is at the outer surface of the shank and the fork does not extend all the way to the tip of the fork.
Machining of the fork may be required in the area 40 to give a smooth surface to the bottom of the fork.

The heel region 14 includes two additional lamination layers 44 and 46. These layers will be loaded in
compression during use of the fork of Figure 1. The lamination layers 44 and 46 as shown in Figure 2
comprise portions of a longer length of material that has been affixed to the lamination layer 36. After
affixation the heel area will be machined to the configuration shown. This is done to provide a smooth
generally vertical surface 22 so that the surface of lamination layers 44 and 46 is a continuation of the flat,
vertical surface 22 at the outside surface of the shank 16. Similarly the lamination layers 44 and 46 may be
machined to comprise a flat surface aligned with surface 22, the lower surface of the blade 12.

All of the lamination layers 30, 32, 34, 36, 44 and 46 comprise two surfaces, an inner surface and an
outer surface. As shown, the outer surface of lamination layer 30 matches precisely the inner surface of
lamination layer 32. In this respect and in this disclosure, these surfaces are referred to as complimentary
surfaces. By this it is meant that when the two lamination layers are placed against each other there is full
surface contact throughout the entire extent of that surface. Similarly, lamination layers 32 and 34 have
complimentary surfaces. Lamination layers 34 and 36 have complimentary surfaces, layers 36 and 44 have
complimentary surfaces and layers 44 and 46 have complimentary surfaces.

The complimentary surfaces may be joined by adhesives forming suitable chemical bonds. Such a
bond is shown by way of illustration in Figure 4 as a heavy line 50 between layers 34 and 36. By way of
illustration layer 30 is fixed to layer 32 and layer 32 is fixed to layer 34 by welding. The weld beads 52
extend along the side edges of the fork for the entire extent of the contact between the complimentary
surfaces. Any type of welding which is satisfactory for joining the materials in question may be used. The
weld need not be continuous but must of course be sufficient to affix the two surfaces one to the other fo
pass the stresses from the respective layers of the lamination. The type of welding and the amount of
welding may vary depending upon how close the weld is to the neutral axis of the material where there will
be a minimum requirement. It may also be possible to use less weld material if desired away from the heel
region of the fork where the maximum stresses will be occurring.

Figure 3 illustrates a portion of a fork in which the shank 16 and the blade 12 comprise a single layer
material 60. The heel 14 comprises additional reinforcing lamination layers 62 and 64. The lamination layers
62 and 64 are essentially similar to those discussed above as layers 44 and 46. In a fork of this
configuration the lamination layer 60 will be loaded in tension at its surface 20 and loaded in compression at
its surface 22. The reinforcing lamination layers 62 and 64 of the heel 14 will be loaded in compression or
tension depending upon the location of the neutral axis for the particular configuration of the heel chosen.
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Although not illustrated, similarly the designer has the freedom in the concept of this invention fo
manufacture a fork wherein only the blade comprises the laminated structure, or wherein only the shank
comprises the laminated structure.

The fork of Figure 5 is similar in most respects to the forks discussed above, but is intended to be used
as an inverted fork. This fork 70 comprises a blade 12, a heel 14 and a shank 16. The inner surface 20
comprises the lower surface of the blade 12, the inner radius of the heel 14 and the inside surface of the
shank 16. The outer surface 22 of the fork 70 comprises the upper surface of the blade 12, the outer radius
of the heel 14 and the outer surface of the shank 16. In this fork the outer surface 22 is loaded in tension
and the inner surface 20 is loaded in compression when the fork is in use.

As shown, the fork 70 comprises three lamination layers 72, 74 and 76 which have respective
complimentary surfaces. These three lamination layers extend from the shank 16 through the heel 14 and
into the blade 12. In addition, the heel 14 comprises two additional lamination layers 78 and 80 which
extend only over the heel area 14. In the manufacture of the fork 70 the affixing and machining of the
lamination layers 72, 74, 76, 78 and 80 is similar to the production of the fork 10 referred to above.
However, after machining the lamination layers 78 and 80 to the configuration as shown in Figure 5, a
further lamination layer 82 is then added to the fork. The lamination layer 82 has a surface which is
complimentary to the lamination layer 76 in the region of the shank 16 and in the region of the blade 12.
The lamination layer 16 has a surface which is complimentary to the machined surfaces of the lamination
layers 78 and 80. Thus, the complimentary surface of the lamination layer 16 provides full surface to
surface contact which the remainder of the fork. In this case it is the lamination layer 82 which is of the hi-
tensile material while the remainder of the layers 72, 74, 76, 78 and 80 may be chosen from other materials
as appropriate. As illustrated in Figure 5, the thicknesses of the various lamination layers are not necessarily
the same and may be selected by the designer to meet the strength requirements as selected by the
designer.

The production of forks in layers permits each layer to be bent to a required radius without the use of
heat, although heat is not precluded by this invention. The relatively thin sections permit the bending to
proceed without significant loss in section size, thus eliminating the use of the usual upset procedure.

In order to proceed a plate of the required thickness would be cut to form a bar of the correct length
and width. In some cases the widths or thicknesses may be varied along the length. The bar would then be
placed in the correct position in a die and bent to the radius of that die. This bar would then constitute the
inside surface 20, that is the surface having the smallest radius for the heel section. The second bar could
then be formed by leaving the first layer in position in the die. The second bar can then be bent in
accordance with the radius formed by the combination of the die and the first layer. This will then produce a
complimentary surface between the first and second lamination layers. The process is then continued by
adding successive layers including those designed for the heel area until the desired thickness of the fork is
achieved. The thickness of each layer apart from the first may be determined by the maximum thickness
which may be bent over the particular radius without undue deformation and for the strength of the press
available and/or whether or not heat is used in the bend area. In the case of the inverted fork machining
would be required in the heel section before inserting the formed fork into the die for production of any
additional layer such as lamination layer 82.

While the above procedure is a particularly economical procedure requiring only one die form, it is of
course possible to achieve the same end result by bending each section separately in a separate die and
then assembling the individual lamination layers. If a chemical bonding type adhesive is to be used to affix
the lamination layers together, the lamination affixation may take place during the bending operation or
separately. Welding of the complimentary surfaces together can occur at any time convenient in the
manufacturing steps.

Once the lamination layers have been affixed to one another, any desired machining may be carried out
in a normal fashion. This could be used to produce smooth edges where tapers are required or desirable or
include shaping of the heel sections as may be most appropriate. Any of the ordinary configuration of heel
section may be machined into the laminated fork made in accordance with this invention.

It will be appreciated that many changes and alterations can be made to the invention as described
above. In particular, the designer is free o mix and match any materials in the lamination layers as desired.
The precise configuration and shape including thickness of lamination layers may also be changed to meet
any particular requirements. Also, any form of fixation of the layers can be used which is sufficient to
communicate the stresses from one layer to another.
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Claims

10.

11.

12,

A fork (10) for use with a fork lift truck, said fork having a shank (16), a blade (12) and a heel (14),
characterised in that at least a portion of the fork includes a plurality of lamination layers (30, 32, 34,
36) and each layer is fixed to an adjacent layer of the lamination.

A fork according to claim 1 wherein said heel comprises lamination layers.
A fork according to claim 1 or claim 2 wherein, said blade, shank and heel comprise lamination layers.
A fork according to any one of above claims wherein said heel comprises reinforcing lamination layers.

A fork according to any one of the above claims wherein the material of at least one of said lamination
layers is hi-tensile strength material and the material of at least one of said lamination layers is a low
tensile strength material.

A fork according to any one of the above claims wherein said shank, blade and heel have inner and
outer surfaces and the lamination layer along the inner surface of said shank, blade and heel is a hi-
tensile strength material.

A fork according to claim 3 or claim 6 wherein, said shank, blade and heel have inner and outer
surfaces and the lamination layer along the outer surface of said blade, shank and heel is a hi-tensile
strength material.

A method for making forks (10) for use with a fork lift truck including the step of:
1) bending a first bar of material to form a shank (16), heel (14) and a blade (12), with an inner
surface and an outer surface, characterised in that it further includes the step of:
2) bending at least one second bar of material to form a shank, a heel and a blade with an inner
surface and an outer surface, the inner surface of one of said second bars having a complementary
surface to the outer surface of said first bar, and affixing said bars together with said complementary
surfaces contacting one another to form a laminated fork.

A method according to claim 8 wherein there are a plurality of second bars and said second bars form
a set of bent bars with complementary surfaces and affixing said bars together with said complemen-
tary surfaces contacting one another to form a fork with a plurality of lamination layers.

A method according to claim 8 or claim 9 in which said bars are bent while cold.

A method according to any one of claims 8 to 10 wherein said bars are affixed to one another by
welding.

A method according to any one of claims 8 to 10 wherein said bars are affixed to one another by
adhesives.
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