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(54) SELF PRE-BENDING TRANSFORMER CLAMPS

(567) A transformer clamp (900) is provided that in-
cludes a first plate (902) having a curved portion (904)
of a predetermined curvature between a first end portion
and a second end portion of the clamp. The clamp in-
cludes a second plate (906) attached to the first plate
and curved based on the curvature of the curved portion,
wherein the curvature enables the clamp to distribute a
substantially uniform pressure across a first surface of a
transformer coupled to the clamp. The clamp may have
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a mounting mechanism. A method includes determining
a curvature for a first plate and forming a curved portion
in the plate based on the curvature. The method includes
curving a second plate along the curved portion to form
a curved contact surface having a curvature based on
the curvature and the curved contact surface reshaping
to apply a substantially uniform pressure across a surface
of a transformer coupled to the clamp.

906 ' 928

928

Figure 10

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 002 401 A1 2

Description
TECHNICAL FIELD

[0001] The present disclosure relates generally to
transformer clamps, and more particularly to transformer
clamps and related methods.

BACKGROUND

[0002] A transformer typically includes a core, coils,
and a transformer clamp structure. The transformer
clamp structure provides the stiffness required to with-
stand the loads in the transformer under different work
conditions like lifting the transformer, short circuit oper-
ation, and transport of the transformer. In addition, the
clamps must provide enough pressure to the core sheets
to reduce or prevent the occurrence of vibration of the
transformer core sheets when the transformer is in op-
eration.

[0003] There are different ways to achieve the pres-
sure across the transformer core. Typically, fixing studs,
rivets or bolts passing through or around the core and
attached to the clamps are used to achieve the pressure.
This is illustrated in Figure 1. The use of these additional
components typically increases manufacturing process-
es and costs.

[0004] An alternative method is used in which the
transformer clamps are made with a pre-bending proc-
ess. For achieving the pressure required on the trans-
former core, the transformer clamps are designed to be
bent after assembly to have a small curved shape along
their geometry (pre-bending). This small curved shape
enables giving pressure on core sheets when the clamp
is assembled on the core. To assemble the clamp on the
transformer core, force is applied to the ends causing the
clamp to take on a flattened shape, once the clamp is
unbended it provides the pressure required by the core
lamination. The pre-bending is illustrated in Figure 2.
[0005] Typically, the rectangular section of the trans-
former clamps is made by welding two pieces, a C Shape
piece and a flat sheet as illustrated in Figure 3. Once
these two pieces are welded, a plastic deformation is
required to create the pre-bending. One way this is done
is by applying aload in the middle of the clamps as shown
in Figures 4A and 4B.

[0006] Figures 5 and 6 illustrate an example of a two
piece C Shape 502 and flat sheet 504 of transformer
clamp 500 that is assembled but not yet bent after as-
sembly using the process illustrated in Figures 4A and
4B. Simulations have been carried out to validate the
pressure exerted on the transformer core finding that the
transformer clamp of Figures 5 and 6 bent after assembly
do not provide a constant pressure along the transformer
core as shown in Figure 7. In Figure 7, the white color
700 indicates a minimum pressure, the lighter color 702
indicates a pressure nearly half as much as the desired
pressure, and the darker color 704 indicates pressure
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equal to or higher than the desired pressure. The lighter
color 702 may be even lighter, indicating an even lower
pressure when the transformer clamp of Figure 5 and 6
is overtightened as illustrated in Figure 8.

SUMMARY

[0007] According to some embodiments of inventive
concepts, a transformer clamp is provided that includes
a first plate having a curved portion of a predetermined
curvature between a first end portion and a second end
portion of the transformer clamp. The transformer clamp
includes a second plate attached to the first plate and
curved based on the curvature of the curved portion,
wherein the curvature enables the transformer clamp to
distribute a substantially uniform pressure across a first
surface of a transformer coupled to the transformer
clamp.

[0008] Advantages that can be achieved with these in-
ventive concepts is that the pre-bending can be achieved
without requiring loads to bend. The resulting geometry
of the transformer clamp reduces manufacturing time,
and increases the accuracy of the transformer clamp pro-
viding the desired dimensions. The transformer clamp
supports loads in different work conditions and provides
asubstantially uniform pressure over the transformer part
coupled to the transformer clamp.

[0009] According to other embodiments of inventive
concepts a method is provided for creating a transformer
clamp. The method includes determining, based on a
first surface of a transformer, a curvature for a first plate
of the transformer clamp. The method includes forming
a curved portion in the first plate between a first end por-
tion and a second end portion of the transformer clamp
based onthe curvature determined. The method includes
curving a second plate along the curved portion to form
a curved contact surface having a curvature based on
the curvature of the curved portion, the curved contact
surface reshaping to apply a substantially uniform pres-
sure across the first surface of the transformer coupled
to the curved contact surface in response to a clamping
force applied to the first end portion and the second end
portion of the transformer clamp.

[0010] According to further embodiments of inventive
concepts, a transformer clamp for a transformer is pro-
vided that includes a plate connected to at least one tab
portion proximate an end portion of the plate. The trans-
former clamp includes a mounting mechanism connect-
ed to the plate, the mounting mechanism having a back
wall adjacent a surface of a transformer core of the trans-
former and having sidewalls, each sidewall adjacent to
one of the atleast one tab portion and enabled to engage
the one of the at least one tab portion responsive to the
transformer core applying a force to the mounting mech-
anism in response to another force applied to the trans-
former core.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings, which are includ-
ed to provide a further understanding of the disclosure
and are incorporated in and constitute a part of this ap-
plication, illustrate certain non-limiting embodiments of
inventive concepts. In the drawings:

Figure 1 is an illustration of a prior art transformer
clamp having bolts that go through the transformer
core;

Figure 2 is an illustration of pressure forming across
a transformer core when a force is applied to unbend
the prior art transformer clamp;

Figure 3 is an illustration of a prior art transformer
clamp having a C shape and flat sheet;

Figures 4A and 4B are illustrations of providing a
bend in the prior art transformer clamp illustrated in
Figure 3;

Figure 5 is a sectional view illustrating components
of a prior art C shape and flat sheet transformer
clamp bent after assembly of the transformer clamp;
Figure 6 is a view illustrating an assembled view of
the prior art C shape andflat sheet transformer clamp
of Figure 5;

Figure 7 is an illustration of pressure exerted by the
rectangular beam of the prior art transformer clamp
of Figures 5 and 6 on the transformer core;

Figure 8 is an illustration of overtightening the prior
art transformer clamp of Figures 5 and 6;

Figure 9 is an illustration of plates of a transformer
clamp according to some embodiments of inventive
concepts;

Figure 10 is an illustration of the plates of Figure 9
being assembled according to some embodiments
of inventive concepts;

Figure 11 is a top view of a transformer clamp ac-
cording to some embodiments of inventive concepts;
Figure 12 is an illustration of an example of a trans-
former clamp bend according to some embodiments;
Figure 13 is anillustration of a distributed load across
a transformer clamp according to some embodi-
ments of inventive concepts;

Figure 14 is anillustration of a maximum deformation
of a transformer clamp according to some embodi-
ments;

Figure 15 is anillustration of setting the curvature of
a plate of the transformer clamp to a maximum de-
formation according to some embodiments of inven-
tive concepts;

Figure 16 is an illustration of components of the
transformer clamp of Figure 11 according to some
embodiments of inventive concepts;

Figure 17 is an illustration of the transformer clamp
components of Figure 11 when assembled accord-
ing to some embodiments of inventive concepts;
Figure 18 is an example of pressure exerted by the
transformer clamp illustrated in Figure 12 on the
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transformer core according to some embodiments
of inventive concepts;

Figure 19 is a front view of a transformer assembly
clamped by the transformer clamp illustrated in Fig-
ure 16 according to some embodiments of inventive
concepts;

Figure 20 is an isometric view of the transformer as-
sembly illustrated in Figure 19;

Figure 21 is a top view of a C-shape and plate trans-
former clamp according to some embodiments of in-
ventive concepts;

Figure 22 is an isometric view of the C-shape and
plate transformer clamp of Figure 21;

Figure 23 is an isometric view of a mounting mech-
anism according to some embodiments of inventive
concepts;

Figure 24 is a top view of a transformer assembly
having the mounting mechanism of Figure 23 ac-
cording to some embodiments ofinventive concepts;
Figure 25 is an isometric view of the C-shape and
plate transformer claim of Figure 21;

Figure 26 is an isometric view of another mounting
mechanism according to some embodiments of in-
ventive concepts;

Figure 27 is a top view of a transformer assembly
having the mounting mechanism of Figure 26 ac-
cording to some embodiments ofinventive concepts;
Figure 28 is an isometric view of another mounting
mechanism according to some embodiments of in-
ventive concepts;

Figure 29 is a top view of a transformer assembly
having the mounting mechanism of Figure 28 ac-
cording to some embodiments ofinventive concepts;
Figures 30 and 31 are flow charts illustrating opera-
tions of creating a transformer clamp according to
some embodiments of inventive concepts; and
Figure 32 is a flow chartillustrating a process of con-
necting transformer clamps with a mounting mech-
anism that reduces and, in some scenarios, prevents
the occurrence of damage to the bolts used to attach
the mounting mechanism to the transformer clamps
according to some embodiments of inventive con-
cepts.

DETAILED DESCRIPTION

[0012] Inventive concepts will now be described more
fully hereinafter with reference to the accompanying
drawings, in which examples of embodiments of inven-
tive concepts are shown. Inventive concepts may, how-
ever, be embodied in many different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that
this disclosure will convey the scope of present inventive
concepts to those skilled in the art. It should also be noted
that these embodiments are not mutually exclusive.
Components from one embodiment may be tacitly as-
sumed to be present/used in another embodiment.
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[0013] The following description presents various em-
bodiments of the disclosed subject matter. These em-
bodiments are presented as teaching examples and are
not to be construed as limiting the scope of the disclosed
subject matter. For example, certain details of the de-
scribed embodiments may be modified, omitted, or ex-
panded upon without departing from the scope of the
described subject matter.

[0014] Figure 9 is an illustration of plates 902, 906 of
a transformer clamp 900 according to some embodi-
ments of inventive concepts. Figure 10 illustrates the
plates 902, 906 of the transformer clamp 900 when the
transformer clamp has been assembled. Turning to Fig-
ures 9 - 11, according to various embodiments of these
inventive concepts, a T-section geometry is used that
allows optimizing of the cross-section material in relation
to the greater stresses required. In other words, the first
plate 902 of transformer clamp 900 has variable lengths
from a first length L1 to a second length L2 where the
second length is greater than the first length. The pre-
bending is achieved by joining two sheets together per-
pendicularly to form the transformer clamp 900. Specif-
ically, first plate 902 (e.g., a flat sheet) has a curved por-
tion 904 and is joined to the plate 906. The first plates
902, and the second plate 906 may be joined by welding
the first plate 902 and the second plate 906 together.
Thus, the second plate 906 is attached perpendicular to
first plate 902 so that the first plate 902 is joined along
the center axis of second plate 906. When joined, the
second plate 906 follows the curvature 910 illustrated in
Figure 11, achieving an assembly with an arched geom-
etry that imparts a bending of the second plate 906. The
bending forms a curved contact surface 908 of the sec-
ond plate 906. The curvature 910 typically ranges from
3 mm to 8 mm and depends on the desired pressure to
be applied to the transformer and the dimensions of the
transformer. For example, the desired pressure in vari-
ous embodiments of inventive concepts is on the order
of 0.15 MPa. In other embodiments, the second plate
906 may be attached perpendicular to the first plate 902
anywhere along the first plate 906 provided that the sec-
ond plate 906 follows the curvature 910.

[0015] Thecurvatureis determined based on a desired
pressure to be applied to the transformer core of the
transformer and a dimension of the transformer core. The
desired pressure may be around 0.15 MPa.

[0016] In one embodiment of inventive concepts, the
curvature 910 may be determined by determining a max-
imum deformation of transformer clamp based on a dis-
tributed load and length of the transformer clamp, which
in turn is based on the transformer core length.

[0017] For example, turning to Figure 12, when a load
is applied atthe end of the plate and with the cross section
of the beam being constant, then a deformation forms as
shown in Figure 12. Thus, the beam has more deforma-
tion in the middle and there is no contact between the
plate of the transformer clamp and the transformer core,
so there is no pressure from the transformer clamp to-

10

15

20

25

30

35

40

45

50

55

wards the transformer core.

[0018] To avoid this deformation in the middle of the
transformer clamp plate, the cross section of the trans-
former clamp plate 902 needs to be increased in accord-
ance with the deformation of the transformer clamp plate,
which requires a variable cross section. Turning to Fig-
ures 13 and 14, the maximum deformation ¢ is deter-
mined for the transformer clamp using a distributed load
Q* where Q* is calculated based on the contact surface
area of the transformer clamp surface area and the pres-
sure on the transformer core to be reached (e.g., 0.15
MPa). The curvature of the plate is determined by setting
the curvature to the maximum deformation 0 as illustrated
in Figure 15, where the maximum deformation ¢ is cal-
culated in accordance with

_ 5QL*
" 384E]

where Q is the distributed load (e.g., 0.15 MPa), L is the
length of the second plate 906 of transformer clamp 900,
E is the modulus of elasticity, and | is the moment of
inertia.

[0019] Turning to Figures 11 and 16-17, the first plate
902 may include a plurality of mounting holes 912 formed
approximately midway between an end portion 914, 916
of the first plate 902 and a middle portion 918 of the first
plate 902 to enable a tie rod 1802 (see Figures 16 - 17)
to be connected to the first plate 902 at each of the plu-
rality of mounting holes 912.

[0020] Support tabs 920 can be attached proximate
each mounting hole 912 of the first plate 902. Each sup-
port tab 920 can have a mounting hole 922 to enable
lifting of the transformer 1800 as illustrated in Figures
16-17. In some embodiments of inventive concepts, not
all support tabs 920 have the mounting hole 922. Instead,
only the transformer clamps 900 that are used to lift the
transformer have mounting holes 922.

[0021] In some embodiments of inventive concepts,
the support tab 920 may have a slot 924 that fits into a
slot 926 of first plate 902 as illustrated in Figure 16. This
enables the support tabs 920 to be mounted at fixed lo-
cations on the first plate 902.

[0022] The second plate 906 may have mounting holes
928 proximate each end portion 930, 932 of the second
plate 906. The mounting holes 928 are used to connect
the transformer clamp 900 to another transformer clamp
operatively coupled to an opposite surface of a trans-
former being clamped. Note that the clamping force is
applied to the end portions 930, 932 of the transformer
clamp 900 responsive to the transformer clamp being
connected to the second transformer clamp. The second
transformer clamp may be any transformer clamp includ-
ing the transformer clamp 900.

[0023] To aid in the assembly of the transformer clamp
900, the second plate 906 may, in some embodiments
of the transformer clamp 900, have proximate the center

d
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of each end portion of the second plate 906 a slot 934
which receives a tab portion 936 of the first plate 902.
This aligns the second plate 906 to the first plate 902
along the center axis of the second plate 906.

[0024] Figure 18 illustrates simulations that were per-
formed to validate the pressure exerted on the transform-
er clamp of Figures 9-11, and 16-17. In Figure 18, the
white color 1400 indicate a minimum pressure and the
dark color 1402 indicates pressure equal to or higher
than the desired pressure. The simulations that were per-
formed show that the T-section beam shape of the trans-
former clamp 900 enables a pressure of 0.15 MPa to be
reached along the core as shown. The transformer clamp
900 provides a substantially uniform pressure across the
surface of the transformer core.

[0025] Figure 19 is a front view of a transformer as-
sembly clamped by the transformer clamp illustrated in
Figure 16 and Figure 20 is an isometric view of the trans-
former clamp. The transformer clamps 900A-900D are
shown clamping a transformer 1800. The transformer
clamp 900A and transformer clamp 900B are connected
to each other by the tie rods 1902 via mounting holes
912. Other types of connectors may be used to connect
the transformer clamp 900A to the transformer clamp
900B via the mounting holes 912.

[0026] The transformer clamp 900A, using the mount-
ing holes 928 proximate each end portion 914, 916 of
second plate 906, is also connected to transformer clamp
900C that is coupled to an opposite surface of the trans-
former 1900 of the surface where the transformer clamp
900A is coupled to the transformer 1900. The clamping
force is applied to the end portions 914, 916 of the trans-
former clamp via the transformer clamp 900A being con-
nected to the transformer clamp 900C via mounting
mechanism 1904. Thus, the clamping force is applied to
the ends 914, 916 substantially perpendicular to the sec-
ond plate 906. Transformer clamp 900B is similarly con-
nected to transformer clamp 900D.

[0027] The transformerclamp 900 is typically connect-
ed to a transformer core surface of a transformer core
1906 above or below the winding area of the transformer
windings 1908. In other words, the transformer clamps
900 are above the top of winding area of the transformer
windings 1908 and below the bottom of the winding area
of the transformer windings 1908. Put another way, in
these embodiments of inventive concepts, the transform-
er clamps 900A to 900D hold the transformer cores in
place with a substantially uniform pressure across the
transformer core at the top and bottom of the transformer
cores.

[0028] In some embodiments of inventive concepts,
supports 1910 may be used to reduce or prevent the
occurrence of transformer windings 1908 moving to-
wards the transformer clamps 900A to 900D during trans-
port of the transformer 1900. The transformer clamps
900 hold the supports 1910 in place when the tie rods
1902 are tightened to hold the transformer clamps to-
gether. The tightening of the tie rods 1902 pushes the
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plate 902 against the supports 1910. The supports may
be wood supports, plastic supports, or any other type of
material thatis of sufficient stiffness to withstand the force
applied by the transformer clamp when the tie rods 1902
are tightened to hold transformer clamps 900 together
(e.g., transformer clamp 900A to transformer clamp 900B
and transformer clamp 900C to transformer clamp 900D).
[0029] In various other embodiments of inventive con-
cepts, the second plate 906 may have additional mount-
ing holes and support tabs to aid in positioning the trans-
former clamps to the correct position on the transformer
such as mounting holes 938, 940 and support tabs 942
as illustrated in Figures 19 and 20. For example, in some
embodiments, there may be space limitations where the
mounting hole 922 of support tabs 920 are unable to be
used. In these embodiments, mounting hole 938 may be
used as an alternative place to lift the transformer.
[0030] Figures21and22illustrate a C-shape and plate
transformer clamp 2100 according to various embodi-
ments of inventive concepts. The C-shape 2102 has a
top plate 2104, a side plate 2106 and a bottom plate
2108. The top plate 2104 and bottom plate 2108 have
variable lengths from a first length L1 to a second length
L2 where the second lengthis greater than the firstlength.
The top plate 2104 and bottom plate 2108 have a curved
portion 2110 and are joined to the plate 2112 where the
curvature of the curved portion 2110 is determined as
described above. The C-shape 2102 and the plate 2112
may be joined by welding the top plate 2104 and bottom
plate 2108 to the plate 2112. Thus, the plate 2112 is
attached perpendicular to the top plate 2104 and the bot-
tom plate 2108 of the C-shape 2102 along the top and
the bottom of plate 2112. When joined, the plate 2112
follows the curvature 2114 illustrated in Figure 21,
achieving an assembly with an arched geometry that im-
parts a bending of the plate 2112. The bending forms a
curved contact surface 2116 of the plate 2112. The cur-
vature 2114 typically ranges from 3 mm to 8 mm and
depends on the desired pressure to be applied to the
transformer and the dimensions of the transformer. For
example, the desired pressure in various embodiments
of inventive concepts is on the order of 0.15 MPa.
[0031] The transformer clamp 2100 may include a plu-
rality of mounting holes 2118 formed proximate the end
portion 2120, 2122 of the C-shape 2102 to enable a tie
rod to be connected to the top plate 2104 and bottom
plate 2108 at each of the plurality of mounting holes 2118.
[0032] Support tabs 2124 can be attached proximate
each mounting hole 2118. Each support tab 2124 can
have a mounting hole 2126 to enable lifting of the trans-
former. In some embodiments of inventive concepts, not
all support tabs 2126 have the mounting hole 2128. In-
stead, only the transformer clamps 2100 that are used
to lift the transformer have mounting holes 2126.
[0033] The side plate 2106 of C-shape 2102 and plate
2112 may have mounting holes 2128 proximate each
end portion 2120, 2122 of the C-shape 2102. The mount-
ingholes 2128 are used to connect the transformer clamp
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2100 to another transformer clamp operatively coupled
to an opposite surface of a transformer being clamped.
Note that the clamping force is applied to the end portions
2120, 2122 of the transformer clamp 2100 responsive to
the transformer clamp being connected to the second
transformer clamp. The second transformer clamp may
be any transformer clamp including the transformer
clamp 2100.

[0034] Figure 23 illustrates the mounting mechanism
1904 and the tab portion 936. As previously indicated,
the tab portion 936 aligns the second plate 906 to the
first plate 902 during assembly of the transformer clamp
900. The tab portion 936 in some embodiments of inven-
tive concepts may also be used to reduce and, in some
scenarios, prevent the occurrence of damage to the bolts
2300 used to attach the mounting mechanism 1904 to
the transformer clamps 900.

[0035] For example, during transport of the transform-
er 1900, the transformer 1900 may be subject to force
2400, as illustrated in Figure 24, that are sufficiently high
enough to cause the transformer cores 1906 to move in
the direction of the force 2400. The force 2400 may be
the result of a vehicle transporting the transformer 1900
braking hard to avoid an accident, a chain breaking when
the transformer 1900 is being lifted, etc. The transformer
cores 1906 move in the direction of the force 2400 and
push on the back wall 2302 of mounting mechanism
1904. The force 2400 may be in the direction shown in
Figure 24 or in the opposite direction of the direction
shown. The plate 2304 reduces or prevents the occur-
rence of transformer cores 1906 bending the back wall
2302 when the transformer cores 1906 push against the
back wall 2302.

[0036] Without the tab portion 936, the pushing on the
back wall 2302 can result in the mounting mechanism
1904 pushing against the bolts 2300 located in slots 2306
of sides wall 2308. When the force 2400 is high enough,
the bolts 2300 may shear off. When the bolts 2300 shear
off, the clamping force applied to the transformer clamp
900 is significantly reduced and the transformer clamp
900 would no longer provide the substantially uniform
pressure across the transformer core 1906 and can dam-
age the transformer 1900.

[0037] With the tab portion 936, the occurrence of the
mounting mechanism 1904 from moving far enough to
shear off the bolts 2300 is reduced or prevented. The
reduction or prevention of the occurrence of movement
is due to the tab portion 936 being proximate the edge
2310 of side wall 2308. The edge 2310 pushes against
tab portion 936 and the tab portion 936 reduces or pre-
vents the occurrence of movement of the side wall 2308
from moving any further, which prevents or reduces the
occurrence of the bolts 2300 from being exposed to forc-
es from the transformer core movement that could shear
the bolts 2300. In other embodiments, the edge 2310 of
side wall 2308 may be moved to engage (i.e., contact)
the tab portion 936 during installation of the mounting
mechanism 1904. In these embodiments, the occurrence
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ofthe edge 2310 of side wall 2308 from moving is reduced
or prevented, which in turn prevents or reduces the oc-
currence of the back wall 2302 of mounting mechanism
1904 from moving when the force 2400 is applied to the
transformer cores 1906.

[0038] Figure 25 illustrates how a tab can be added to
the C-shape and flat plate transformer clamp 500 and C-
shape and flat plate transformer clamp 2100 to operate
like the tab portion 936 of transformer clamp 900. A tab
2500 can be mounted proximate the end portions of the
flat plate 504, 2112 of the C-shape and flat plate trans-
formers 500, 2100. The tab 2500 can then be used to
reduce or prevent the occurrence of the mounting mech-
anism 1904 from moving as described above.

[0039] Figure 26 illustrates another embodiment of the
mounting mechanism according to various embodiments
of inventive concepts. In Figure 26, the mounting mech-
anism 2600 does not have plate 2304. The thickness
2602 of the back wall 2302 is increased to better with-
stand the force applied by the transformer core moving
to reduce, and in some cases prevent, the occurrence of
movement of the sidewalls 2308 towards the tab portion
936, 2500. Figure 27 illustrates the mounting mechanism
2600 connecting transformer clamps to each other.
[0040] Figure 28 illustrates a further embodiment of
the mounting mechanism according to various embodi-
ments of inventive concepts. In Figure 28, the back wall
2302 of mounting mechanism 2800 has an increased
dimension and plates 2802 and 2804 are formed by bend-
ing the back wall 2304. The two plates 2802 and 2804
of the back wall 2302 act to stiffen the back wall 2302 to
better withstand the force applied by the transformer core
moving to reduce and in some cases, prevent, the oc-
currence of movement of the sidewalls 2308 towards the
tab portion 936, 2500. Figure 29 illustrates the mounting
mechanism 2800 connecting transformer clamps to each
other.

[0041] Figure 30 illustrates a process of creating the
transformer clamp 900, 2100 in an embodiment of inven-
tive concepts. In block 3001, a curvature to be applied
to a first plate of the transformer clamp is determined
based on a first surface of a transformer. For example,
the curvature 910 of the curved portion 904 to be applied
to the first plate 902 is determined based on at least one
of the length of the transformer clamp 900 (which in turn
is based on transformer core parameters such as a di-
mension of the transformer core), and the pressure to be
applied to the transformer clamp (e.g., 0.15 MPa). Thus,
at least one of the length or the pressure or both the
length and the pressure is used. In other embodiments,
the curvature 2114 to be applied to the top plate 2104
and the bottom plate 2108 of C-shape 2102 is determined
based on at least one of the length of the transformer
clamp 2100 (which in turn is based on transformer core
parameters), and the pressure to be applied to the trans-
former clamp (e.g., 0.15 MPa). Thus, at least one of the
length orthe pressure or both the length and the pressure
is used.
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[0042] In block 3003, a curvature portion 2110 in the
first plate is formed between a first end portion 2120 and
a second end portion 2122 of the transformer clamp
based on the curvature determined to be applied. For
example, the curved portion 904 is formed between end
portions 914, 916 of the transformer clamp 900. The
curved portion may be formed by laser cutting, water cut-
ting, etc. In the C-shape and flat plate transformer clamp
2100, the curved portion 2110 is formed between end
portions 2120, 2122.

[0043] In block 3005, a second plate is attached to the
first plate by curving the second plate along the curved
portion to provide a curved contact surface having a cur-
vature based on the curvature of the curved portion, the
curved contact surface reshaping to apply a substantially
uniform pressure across the first surface of the trans-
former coupled to the curved contact surface in response
to a clamping force applied to the first end portion and
the second end portion of the transformer clamp. For
example, the plate 906 of transformer clamp 900 may be
curved along the curved portion 904 of plate 902 to form
the curved contact surface 908. When the transformer
clamp 900 is connected to another transformer clamp,
the force applied to the transformer clamp 900 by tight-
ening of the transformer clamp 900 to the mounting
mechanism 1904 provides the force sufficient to reshape
the curved contact surface 908 to apply the substantially
uniform pressure across the first surface (e.g., transform-
er core) of a transformer coupled to the curved contact
surface 908. In other embodiments, the plate 2112 of
transformer clamp 2100 may be curved along the curved
portion 2110 of plates 2104, 2108 to form the curved
contact surface 2116. When the transformer clamp 2100
is connected to another transformer clamp, the force ap-
plied to the transformer clamp 2100 by tightening of the
transformer clamp 2100 to the mounting mechanism
1904 provides the force sufficient to reshape the curved
contact surface 2116 to apply the substantially uniform
pressure across the first surface (e.g., transformer core)
of a transformer coupled to the curved contact surface
2116.

[0044] Turning to Figure 31, further operations can be
performed during creation of the transformer clamp 900.
For example, in block 3101, a plurality of mounting holes
is formed in the first plate, each of the plurality of mounting
holes formed approximately midway between an end of
the first plate and a middle of the first plate to enable a
tie rod to be connected to the first plate at each of the
plurality of mounting holes. For example, mounting holes
912 may be formed in first plate 902 either before or after
the second plate 906 is connected to first plate 902. In
other embodiments, a plurality of mounting holes 2118
is formed in plates 2104, 2108 proximate the end portions
2120, 2122.

[0045] Inblock 3103, mounting holes are formed prox-
imate each end of the second plate for connecting the
second plate to a second transformer clamp operatively
coupled to an opposite surface of the first surface wherein
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the clamping force is applied to the first end and the sec-
ond end of the transformer clamp responsive to the trans-
former clamp being connected to the second transformer
clamp. For example, in transformer clamp 900, mounting
holes 928 may be formed in second plate 906 either be-
fore or after the second plate 906 is connected to first
plate 902. In C-shape and flat plate transformer clamp
2100, mounting holes 2128 may be formed in the plate
2106 and flat plate 2112.

[0046] In block 3105, a support tab is attached proxi-
mate each mounting hole of the first plate. In some em-
bodiments of inventive concepts, each support tab has
a mounting hole to enable lifting of the transformer. In
other embodiments of inventive concepts, only support
tabs that are part of transformer clamps that are at the
top of a transformer have mounting holes. An example
of a support tab having holes is support tab 920 having
mounting hole 922. In the embodiments of C-shape
transformer and flat plate transformer clamp 2100, an-
other example of a support tab having holes is support
tabs 2124.

[0047] As described above, a force may be applied to
a transformer core that is of sufficient force to cause the
transformer core to move against the mounting mecha-
nism and cause damage to the mounting mechanism
and/or the transformer core. Figure 32 illustrates a proc-
ess of connecting transformer clamps with a mounting
mechanism that reduces and, in some scenarios, pre-
vents the occurrences of damage to the bolts used to
attach the mounting mechanism to the transformer
clamps. Turning to Figure 32, in block 3201, at least one
tab portion is connected to a transformer clamp. In some
embodiments, the tab portion is part of a plate of the
transformer clamp. For example, tab portion 936 is part
of plate 902 of transformer clamp 900 and engages plate
906 during assembly of transformer clamp 900. In other
embodiments, the tab portion is connected by welding
the tab. For example tab portion 2500 may be welded on
plate 504, 2112.

[0048] In some embodiments, the tab portion is con-
nected adjacent to an end portion of a plate of the trans-
former clamp that is contacting the transformer core. For
example, plate 906 of transformer clamp 900, plate 2112
of transformer clamp 2100, and the flat plate 504 of trans-
former clamp 500 touch the transformer core. In various
embodiments of inventive concepts, the tab portion 936,
2500 is provided adjacent to an end portion 506, 508,
930, 932, 2120, 2122 of a plate 504, 906, 2112 of the
transformer clamp.

[0049] In block 3203, a mounting mechanism having
a back wall and sidewalls is connected to transformer
clamps by placing the back wall adjacent a surface of the
transformer core of the transformer and connecting each
sidewall to one of the transformer clamps adjacentto one
of the at least one tab portion, wherein each sidewall is
enabled to engage the one of the at least one tab portion
responsive to the transformer core applying a force to
the mounting mechanism in response to another force
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applied to the transformer core.

[0050] For example, mounting mechanism 1904,
2600, 2800 having a back wall 2302 and sidewalls 2308
is connected to the transformer clamps 500, 900, 2100
by placing back wall 2302 adjacent a side surface of the
transformer core 1906 and connecting each sidewall
2308 to one of the transformer clamps 500, 900, 2100
adjacent to one of the tab portions (936, 2500).

[0051] In various embodiments of inventive concepts,
the mounting mechanism 1904, 2600, 2800 is attached
to the transformer clamps such that one of the sidewalls
2308 engages the at least one tab portion 936, 2500 of
one of the transformer clamps. In these embodiments,
the force applied by the transformer does not move the
sidewalls 2308 to engage the at least one tab portion
936, 2500 since the sidewalls 2038 are already contact-
ing the at least one tab portion 936, 2500.

[0052] Ascanbe seen from the foregoing, a transform-
er clamp has been described that provides substantially
uniform pressure to the surface of a transformer during
operation, increases the accuracy of the manufactured
parts to the desired dimensions, provides a reduction in
part count which results in lower weight and a simple
manufacturing process which leads to a significant re-
duction in manufacturing costs, and provides a precise
curvature to enable the substantial uniform pressure to
be achieved.

[0053] Furthermore, the transformer clamp provides a
tab portion that enables a mounting mechanismto reduce
and/or prevent the occurrence of shear forces from
shearing off bolts used to connect the mounting mecha-
nism to the transformer clamp.

[0054] Generally, all terms used herein are to be inter-
preted according to their ordinary meaning in the relevant
technical field, unless a different meaning is clearly given
and/or is implied from the context in which it is used. All
references to a/an/the element, apparatus, component,
means, step, etc. are to be interpreted openly as referring
to at least one instance of the element, apparatus, com-
ponent, means, step, etc., unless explicitly stated other-
wise. The steps of any methods disclosed herein do not
have to be performed in the exact order disclosed, unless
a step is explicitly described as following or preceding
another step and/or where it is implicit that a step must
follow or precede another step. Any feature of any of the
embodiments disclosed herein may be applied to any
other embodiment, wherever appropriate. Likewise, any
advantage of any of the embodiments may apply to any
other embodiments, and vice versa. Other objectives,
features and advantages of the enclosed embodiments
will be apparent from the following description.
[0055] As used herein, the singular forms "a", "an" and
"the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise. Well-
known functions or constructions may not be described
in detail for brevity and/or clarity.

[0056] Asusedherein, theterms"comprise", "compris-
ing", "comprises", "include", "including", "includes",
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"have", "has", "having", or variants thereof are open-end-
ed, and include one or more stated features, integers,
elements, steps, components or functions but does not
preclude the presence or addition of one or more other
features, integers, elements, steps, components, func-
tions or groups thereof. Furthermore, as used herein, the
common abbreviation "e.g.", which derives from the Latin
phrase "exempli gratia," may be used to introduce or
specify a general example or examples of a previously
mentioned item, and is not intended to be limiting of such
item. The common abbreviation "i.e.", which derives from
the Latin phrase "id est," may be used to specify a par-
ticular item from a more general recitation.

[0057] It should also be noted that in some alternate
implementations, the functions/acts noted in the blocks
may occur out of the order noted in the flowcharts. For
example, two blocks shown in succession may in fact be
executed substantially concurrently or the blocks may
sometimes be executed in the reverse order, depending
upon the functionality/acts involved. Moreover, the func-
tionality of a given block of the flowcharts and/or block
diagrams may be separated into multiple blocks. Finally,
other blocks may be added/inserted between the blocks
that are illustrated, and/or blocks/operations may be
omitted without departing from the scope of inventive
concepts.

[0058] Many variations and modifications can be made
to the embodiments without substantially departing from
the principles of the present inventive concepts. All such
variations and modifications are intended to be included
herein within the scope of present inventive concepts.
Accordingly, the above disclosed subject matter is to be
considered illustrative, and not restrictive, and the exam-
ples of embodiments are intended to cover all such mod-
ifications, enhancements, and other embodiments,
which fall within the spirit and scope of present inventive
concepts. Thus, to the maximum extent allowed by law,
the scope of present inventive concepts are to be deter-
mined by the broadest permissible interpretation of the
present disclosure including the examples of embodi-
ments and their equivalents, and shall not be restricted
or limited by the foregoing detailed description.

Claims
1. A transformer clamp (900, 2100) comprising:

a first plate (902, 2104, 2108) having a curved
portion (904, 2110) of a predetermined curva-
ture (910, 2120) between afirstend portion (914,
930, 2120, 2122)and a second end portion (916,
932) of the transformer clamp; and

a second plate (906, 2112) attached to the first
plate (902, 2104, 2108) and curved based on
the curvature (910, 2120) of the curved portion
(904, 2110), wherein the curvature (910, 2120)
enables the transformer clamp (900, 2100) to
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distribute a substantially uniform pressure
across a first surface of a transformer coupled
to the transformer clamp (900, 2100).

The transformer clamp of Claim 1 wherein the sec-
ond plate (906, 2112) reshapes to a substantially flat
contact surface based on an external pressure ap-
plied to the transformer clamp (900, 2100).

The transformer clamp of and of Claims 1-2 wherein
the second plate (906, 2112) is attached substan-
tially perpendicular to the first plate (902, 2104,
2108).

The transformer clamp of any of Claims 1-3, wherein
the first plate (902) includes a plurality of mounting
holes (912), atleast one mounting hole (912) formed
approximately midway between an end portion (914,
916) of the first plate (902) and a middle portion (918)
of the first plate (902).

The transformer clamp of Claim 4, further comprising
a support tab (920) attached proximate each mount-
ing hole (912) of the first plate (902), wherein atleast
one of the support tabs (902) has a support tab
mounting hole (922) to enable lifting of the transform-
er.

The transformer clamp of any of Claims 1-5 wherein
the second plate (906, 2112) further comprises
mounting holes (928, 2128) proximate each end por-
tion (930, 932, 2120, 2122) of the second plate (906,
2112) and configured to be connected to a second
transformer clamp operatively coupled to a second
transformer core surface.

The transformer clamp of Claim 6 wherein the sec-
ond transformer clamp comprises a transformer
clamp (900) comprising the first plate (902, 2104,
2108) and the second plate (906, 2112).

The transformer clamp of any of Claims 1-7 , further
comprising at least one tab portion (936, 2500) prox-
imate an end portion (930, 932, 2120, 2122) of the
second plate (906, 2112).

The transformer clamp of any of Claims 1-8, further
comprising a mounting mechanism (1904, 2600,
2800) connected to the second plate (906, 2112),
the mounting mechanism (1904, 2600, 2800) having
a back wall (2302) adjacent a surface of a transform-
er core of the transformer and having sidewalls
(2308), each sidewall (2308) adjacent to one of the
at least one tab portion (936, 2500) and enabled to
engage the one of the at least one tab portion (936,
2500) responsive to the transformer core applying a
force to the mounting mechanism (1904, 2600, 2800)
in response to another force applied to the trans-
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10.

1.

12.

13.

14.

former core.

A method for creating a transformer clamp (900,
2100), the method comprising:

determining (2601), based on a first surface of
a transformer, a curvature (910, 2110) for a first
plate (902,2104, 2108) of the transformer clamp
(900, 2100);

forming (2603) a curved portion (904, 2110) in
the first plate (902, 2104, 2108) between a first
end portion (914, 2120) and a second end por-
tion (916, 2122) of the first plate (902, 2104,
2108) based on the curvature (910, 2110) de-
termined; and

curving (2605) a second plate (906, 2112) along
the first plate (902, 2104, 2108) to form a curved
contact surface (908, 2116) having a curvature
based onthe curvature (910, 2110) of the curved
portion (904, 2110), the curved contact surface
(908, 2116) reshaping to apply a substantially
uniform pressure across the first surface of the
transformer coupled to the curved contact sur-
face (908, 2116) in response to a clamping force
applied to the first end portion (914, 2120) and
the second end portion (916, 2122) of the trans-
former clamp (900, 2100).

The method of Claim 10 wherein the curved contact
surface (908, 2116) reshapes to be a substantially
flat contact surface responsive to a clamping force
being applied to the first end portion (914, 2120) and
the second end portion (916, 2122) of the transform-
er clamp (900, 2100).

The method of any of Claims 10-11 wherein curving
the second plate (906, 2110) along the first plate
(902, 2104, 2108) comprises attaching the second
plate (906, 2110) perpendicular to the first plate (902,
2104, 2108).

The method of any of Claims 10-12 wherein deter-
mining the curvature (910) for the first plate (902,
2104, 2108) comprises determining the curvature
based on at least one of a desired pressure to be
applied to a transformer core of the transformer and
a dimension of the transformer core.

A transformer clamp (500, 900, 2100) comprising:

a plate (504, 906, 2112) connected to at least
one tab portion (936, 2500) proximate an end
portion (506, 508, 930, 932, 2120, 2122) of the
plate (504, 906, 2112); and

a mounting mechanism (1904, 2600, 2800) con-
nected to the plate (504, 906, 2112), the mount-
ing mechanism (1904, 2600, 2800) having a
back wall (2302) adjacent a surface of a trans-
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former core (1906) of the transformerand having
sidewalls (2308), each sidewall (2308) adjacent
to one of the at least one tab portion (936, 2500)
and enabled to engage the one of the at least
one tab portion (936, 2500) responsive to the
transformer core applying a force to the mount-
ing mechanism (1904, 2600, 2800) in response
to another force applied to the transformer core.

15. The transformer clamp (500, 900, 2100) of Claim 14
wherein the mounting mechanism (1904) further
comprises a plate (2304) attached to the back wall
(2302) and adjacent each sidewall (2308).

Amended claims in accordance with Rule 137(2)
EPC.

1. A transformer clamp (900, 2100) comprising:

a first plate (902, 2104, 2108) having a curved
portion (904, 2110) of a predetermined curva-
ture (910,2120) between a firstend portion (914,
930, 2120, 2122)and a second end portion (916,
932) of the transformer clamp; and

a second plate (906, 2112) attached to the first
plate (902, 2104, 2108) and curved based on
the curvature (910, 2120) of the curved portion
(904, 2110), wherein the curvature (910, 2120)
enables the transformer clamp (900, 2100) to
distribute a substantially uniform pressure
across a first surface of a transformer coupled
to the transformer clamp (900, 2100),

wherein the second plate (906,2112)is attached
substantially perpendicular to the first plate
(902, 2104, 2108).

2. The transformer clamp of Claim 1 wherein the sec-
ond plate (906, 2112) reshapes to a substantially flat
contact surface based on an external pressure ap-
plied to the transformer clamp (900, 2100).

3. Thetransformer clamp of any of Claims 1-2, wherein
the first plate (902) includes a plurality of mounting
holes (912), atleast one mounting hole (912) formed
approximately midway between an end portion (914,
916) of the first plate (902) and a middle portion (918)
of the first plate (902).

4. Thetransformer clamp of Claim 3, further comprising
a support tab (920) attached proximate each mount-
ing hole (912) of the first plate (902), wherein at least
one of the support tabs (902) has a support tab
mounting hole (922) to enable lifting of the transform-
er.

5. The transformer clamp of any of Claims 1-4 wherein
the second plate (906, 2112) further comprises
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10

7.

mounting holes (928, 2128) proximate each end por-
tion (930, 932, 2120, 2122) of the second plate (906,
2112) and configured to be connected to a second
transformer clamp operatively coupled to a second
transformer core surface.

The transformer clamp of Claim 5 wherein the sec-
ond transformer clamp comprises a transformer
clamp (900) comprising the first plate (902, 2104,
2108) and the second plate (906, 2112).

A method for creating a transformer clamp (900,
2100), the method comprising:

determining (2601), based on a first surface of
a transformer, a curvature (910, 2110) for a first
plate (902,2104, 2108) of the transformer clamp
(900, 2100);

forming (2603) a curved portion (904, 2110) in
the first plate (902, 2104, 2108) between a first
end portion (914, 2120) and a second end por-
tion (916, 2122) of the first plate (902, 2104,
2108) based on the curvature (910, 2110) de-
termined; and

curving (2605) a second plate (906, 2112) along
the first plate (902, 2104, 2108) to form a curved
contact surface (908, 2116) having a curvature
based onthe curvature (910, 2110) of the curved
portion (904, 2110), the curved contact surface
(908, 2116) reshaping to apply a substantially
uniform pressure across the first surface of the
transformer coupled to the curved contact sur-
face (908, 2116) in response to a clamping force
applied to the first end portion (914, 2120) and
the second end portion (916, 2122) of the trans-
former clamp (900, 2100),

wherein curving the second plate (906, 2110)
along the first plate (902, 2104, 2108) comprises
attaching the second plate (906, 2110) perpen-
dicular to the first plate (902, 2104, 2108).

The method of Claim 7 wherein the curved contact
surface (908, 2116) reshapes to be a substantially
flat contact surface responsive to a clamping force
being applied to the first end portion (914, 2120) and
the second end portion (916, 2122) of the transform-
er clamp (900, 2100).

The method of any of Claims 7-8 wherein determin-
ing the curvature (910) for the first plate (902, 2104,
2108) comprises determining the curvature based
on at least one of a desired pressure to be applied
to a transformer core of the transformer and a di-
mension of the transformer core.
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v
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ENABLE LIFTING OF THE TRANSFORMER
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CONNECTING A MOUNTING MECHANISM HAVING A BACK WALL AND
SIDE WALLS TO THE TRANSFORMER CLAMP BY PLACING THE
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RESPONSIVE TO THE TRANSFORMER CORE APPLYING A FORCE TO
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inventions in respect of which search fees have been paid, namely claims:

[

None of the further search fees have been paid within the fixed time limit. The present European search
report has been drawn up for those parts of the European patent application which relate to the invention
first mentioned in the claims, namely claims:

1-7, 10-13

D The present supplementary European search report has been drawn up for those parts
of the European patent application which relate to the invention first mentioned in the
claims (Rule 164 (1) EPC).
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The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

1. claims: 1-7, 10-13

A transformer clamp and a method of creating the same
wherein a first plate having a curved portion of a
predetermined curvature between a first end portion and a
second end portion of the clamp is attached to a second
plate which is curved based on the curvature of the curved
portion, wherein the curvature enables the clamp to
distribute a substantially uniform pressure across a first
surface of a transformer coupled to the clamp.

2. claims: 8, 9, 14, 15

A transformer clamp having a [clamp] plate provided with at
least one tab portion proximate an end portion of the plate
and a mounting mechanism having side walls enabled to engage
the one of the at least one tab portion responsive to the
transformer core applying a force to the mounting mechanism
in response to another force applied to the transformer
core.
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