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(54) FILTER

(57) The present invention discloses a filter compris-
ing a filter frame and at least two resonators. Adjacent
resonators on the signal transmission path are coupled.
Each resonator includes a body part and a bending part.
One end of the body part is integrally formed with the
filter frame and grounded, and the bending part is formed

by bending the other end of the body part. The invention
realizes the smaller size of the filter through the specific
structure of the resonator, and at the same time makes
the way of implementing the cross-coupling of the filter
more concise, which is more beneficial to the overall per-
formance of the product.
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Description

FIELD OF THE DISCLOSURE

[0001] The present invention relates to a filter, in par-
ticular to a more compact filter.

BACKGROUND

[0002] With the rapid development of communication
technology, the volume requirements of the filter are be-
coming more and more demanding. It is often necessary
to design a resonator and a suppression zero in a limited
small space to meet the in-band and out-of-band inser-
tion loss suppression requirements. However, it is difficult
for the traditional filters to meet the design requirements
of such a small volume.
[0003] For example, in the patent application with ap-
plication number CN201710149229.5, a filter with a
frame structure is disclosed. In this solution, the mouth-
shape frame has an open structure on both sides, and
the partition wall divides the inside of the frame into two
spaces. There is an integrated resonator perpendicular
to this partition wall. The resonator is bent into an L-shape
or a T-shape to reduce the space requirement, but this
form still has limitations on the miniaturization of the filter,
and it is difficult to meet the design requirements of the
small size of the filter.
[0004] In addition, the above-mentioned resonator is
bent into an L-shaped or a T-shaped structure, which
also has limitations on the coupling between the resona-
tors. Specifically, in the two spaces divided by the parti-
tion wall, the signal path has a U-shape. In order to form
cross-coupling in the U-shaped transmission path, a con-
ductor needs to be added to two non-adjacent resona-
tors. At this time, in order to realize the capacitive cross-
coupling, the resonator and the conductor must be fixed
in an open circuit, and for this purpose, the conductor is
fixed in the insulator first, and then the accessory is fixed
in the housing. If inductive cross-coupling is to be
achieved, two non-adjacent resonators should be short-
circuited to fix the conductors. At this time, the conductor
is short-circuited and fixed on the resonator by welding,
and the conductor used is bent to a specific size and then
bonded to the resonator.
[0005] However, in order to form cross-coupling, the
structure of adding sheet or wire conductors in the form
of open circuit or short circuit between non-adjacent res-
onators requires fixing an insulator on the frame or weld-
ing conductors in the form of wires to the resonators. This
type of structure incurs processing costs and processing
tolerances, and when the resonator is directly welded or
other forms of fixed chip conductors are used, the
strength of cross coupling becomes very sensitive due
to factors such as position tolerances and spacing.
Therefore, the complexity of the process and the increase
in sensitivity lead to an increase in production costs and
a decrease in production capacity.

[0006] In addition, because it is necessary to ensure
the transmission coupling between the resonators, the
arrangement direction of the resonators is limited. Gen-
erally, the transmission path of the signal can only be in-
line shaped or U-shaped, so the positions of the input
and output ports are also not changeable, which makes
it impossible to meet the diversity of system require-
ments, and in order to change the positions of the port,
additional structural parts are also required.

SUMMARY

[0007] The purpose of the present invention is to over-
come the defects of the prior art and provide a more com-
pact filter.
[0008] In order to realize the above objective, the
present invention provides the following technical solu-
tion: a filter, comprising: a filter frame in which a receiving
space is formed; at least two resonators disposed in the
receiving space and distributed along a signal transmis-
sion path, adjacent resonators on the signal transmission
path being coupled, and each resonator including a body
part and a bending part, one end of the body part being
integrally formed with the filter frame and grounded, and
the bending part including a head bending part and an
end bending part, and the head bending part being con-
nected with the end bending part to form a resonator
structure circulating in a counterclockwise or clockwise
direction, or the bending part including a head bending
part, at least one middle bending part and an end bending
part, and the middle bending part connecting the head
bending part and the end bending part to form a resonator
structure circulating in a counterclockwise or clockwise
direction.
[0009] Preferably, the head bending part is formed by
bending the other end of the body part in one direction
or two directions.
[0010] Preferably, at least one partition wall is further
disposed in the filter, and a coupling gap is formed be-
tween the partition wall and the inner wall of the filter
frame and the partition wall is integrally formed with the
filter frame, the partition wall divides the receiving space
into a plurality of receiving chambers, the body part of
the resonator is integrally formed with the partition wall
and grounded, and/or the body part of the resonator is
integrally formed with the inner wall of the filter frame and
grounded.
[0011] Preferably, the signal transmission path in the
filter has a U-shape or an S-shape according to the par-
tition wall.
[0012] Preferably, only one partition wall is disposed
within the filter, and the partition wall is integrally formed
with a middle section of the filter frame, and the signal
transmission path in the filter has a U-shape according
to the partition wall.
[0013] Preferably, a plurality of partition walls spaced
with each other are disposed within the filter, and two
adjacent partition walls respectively form a coupling gap
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with a corresponding inner wall of two opposite inner
walls of the filter frame, the signal transmission path in
the filter has an S-shape according to the partition wall.
[0014] Preferably, the partition wall is provided with a
coupling opening, and two adjacent resonators in differ-
ent receiving chambers are coupled through the coupling
opening to form a cross-coupling.
[0015] Preferably, the body parts of two adjacent res-
onators in different receiving chambers are directly con-
nected through the coupling opening to form inductive
cross-coupling.
[0016] Preferably, the bending parts of two adjacent
resonators in different receiving chambers are spaced
apart a distance through the coupling opening to realize
capacitive cross-coupling.
[0017] Preferably, the filter further comprises an upper
cover plate arranged at the upper end of the filter frame
and a lower cover plate arranged at the lower end of the
filter frame, the upper and lower covers encapsulate the
receiving space, and the thickness of the bending part
of the resonator is greater than the thickness of the body
part in a direction perpendicular to the upper and lower
cover plate.
[0018] Preferably, the filter further includes a signal in-
put port and a signal output port which are arranged out-
side the filter frame and communicate with the receiving
space, and the signal input port and the signal output
port are respectively located in the two ends of the signal
transmission path.
[0019] Preferably, the upper and lower cover plates
are respectively fixed by screw or assembled on the up-
per and lower ends of the filter frame by soldering or laser
welding.
[0020] The beneficial effects of the present invention
are:

1. The filter frame is provided with an integrally
formed resonator with multiple bends (at least two
bending parts), which has a significant effect on the
miniaturization of the filter, and the resonator and
the filter frame are an integrated structure, which re-
duces the cost of assembly man-hours, reduces cu-
mulative tolerances and assembly tolerances, and
reduces contact loss. At the same time, the filter has
a better PIM (Passive Inter-Modulation) perform-
ance.

2. The shape of each resonator can be changed and
designed as needed, and the coupling mode be-
tween the resonators can be freely designed accord-
ing to the shape of the resonator; in addition, the
signal transmission path can be freely changed in
combination with the partition walls, in turn, the de-
sign position of the signal input/output port can be
freely selected, which improves the overall design
flexibility of the filter.

3. The opening of the partition wall can be used to

realize cross-coupling between non-adjacent reso-
nators without adding structural parts. Therefore, the
processing and assembly tolerances caused by the
structural parts can be reduced, and the processing
difficulty of the product can be reduced, and the
processing and Assembly costs can also be greatly
reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

FIG.1 is a perspective view showing the structure of
embodiment 1 of the present invention;

FIG.2 is a schematic top view of the structure of em-
bodiment 1 of the present invention;

FIG.3 is a schematic diagram of the principle of a
signal transmission path in embodiment 1 of the
present invention;

FIG.4 is a schematic diagram of the structure of the
resonator of the present invention;

FIG.5 is a schematic diagram of the principle of the
equivalent circuit of embodiment 1 of the present in-
vention;

Fig. 6 is a schematic diagram of the corresponding
electrical performance curve of example 1 of the
present invention;

Fig.7 is a perspective view showing the structure of
embodiment 2 of the present invention;

FIG. 8 is a perspective view showing the structure
of embodiment 3 of the present invention;

FIG. 9 is a schematic top view of the structure of
embodiment 3 of the present invention.

Reference signs:

[0022] 1 filter frame, 11 receiving space, 111 receiving
chamber, 2/21-26 resonator, 211 body part, 212 head
bending part, 213 end bending part, 214 middle bending
part, 3 upper cover, 4 adjustable structure, 5 partition
wall, 51 coupling opening, 6 coupling gap, 7 signal input
port, 8 signal output port.

DETAILED DESCRIPTION

[0023] The technical solutions of the embodiments of
the present invention will be clearly and completely de-
scribed below in conjunction with the accompanying
drawings of the present invention.
[0024] In the filter disclosed in the present invention,
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an integrally formed resonator with multiple bending
structures is arranged in the filter frame, so that the size
of the filter is smaller, and the coupling mode between
the resonators and the signal are also realized. The di-
versification of the design of transmission paths and sig-
nal port positions improves the flexibility of filter design;
and the cross-coupling between non-adjacent resona-
tors is realized through the opening on the partition wall,
which simplifies the structure and processing procedures
of the filter.
[0025] With reference to Figs. 1 to 3, a filter disclosed
in the present invention includes a filter frame 1 and at
least two resonators 2, wherein the upper and lower ends
of the filter frame 1 are open, of course, of course, alter-
natively, only the upper end is open, a hollow receiving
space 11 for the resonator is formed within the filter frame
1, and the upper and lower openings of the filter frame 1
can be adopted by the upper cover 3 and the lower cover
(not shown) respectively, so that a sealed receiving
space 11 is formed therein; when only the upper end is
open, only the upper cover 3 is required to encapsulate
it. In implementation, the upper and lower cover plates
can be fixed by screws or assembled by soldering or
laser welding. In addition, an adjustable structure 4 for
adjusting the frequency and/or coupling amount can be
added to the upper cover 3. When implemented, the ad-
justable structure 4 may include the cooperation of a
screw and a nut, or other forms that extend into the con-
ductor through the cover surface are utilized. And the
upper and lower cover plates can also be replaced by
PCB boards.
[0026] A plurality of resonators 2 are arranged in the
receiving space 11 and are integrally formed with the
filter frame 1. The resonator 2 can form a variety of signal
transmission paths in the receiving space 11, such as in-
line shaped, U-shaped or S-shaped. For example, when
an in-line shaped signal transmission path is formed, a
plurality of resonators 2 are distributed in the same row
in the receiving space 11, and are distributed from one
side wall of the filter frame 1 to the opposite side wall of
the filter frame 1, forming a signal transmission path (that
is, in-line shape), and the plane where the resonator 2 is
located is parallel or approximately parallel to the upper
and lower surfaces of the filter frame 1, that is, it is ar-
ranged laterally in the filter frame 1.
[0027] As an alternative, at least one partition wall 5
integrally formed with the filter frame 1 may be provided
in the filter frame 1. As shown in FIGS. 1 to 3, the partition
wall 5 divides the receiving space 11 into a plurality of
receiving chambers 111. Each receiving chamber 111 is
provided with at least two resonators 2, and the distribu-
tion of the resonators 2 in each receiving chamber 111
is the same as or similar to the above-mentioned in-line
distribution of the resonators 2, the above description
can be referred to, and won’t be repeated here. In this
way, the signal transmission path formed by the filters 2
in the plurality of receiving chambers 111 may be U-
shaped or S-shaped or other shapes.

[0028] The partition wall 5 is arranged between two
adjacent receiving chambers 111 to isolate the resona-
tors 2 of different receiving chambers 111. The partition
wall 5 is integrally formed with the filter frame 1. In this
embodiment 1, the partition wall 5 is located in the inter-
mediate of the filter frame 1, and divides the receiving
space 11 into two receiving chambers 111, and each
receiving chamber 111 is provided with multiple receiving
chambers 111. Each receiving chamber 111 is provided
with multiple resonators 2 (as shown in Fig. 2 and Fig.
3, resonators 21-23 are arranged in the upper receiving
chamber, and resonators 24-26 are arranged in the lower
receiving chamber). The partition wall 5 is not in contact
with the right side wall of the filter frame 1, and a coupling
gap 6 is formed therebetween, as shown in FIG. 1, the
coupling gap 6 enables two adjacent resonators (i.e., res-
onators 23 and 24) located in different receiving cham-
bers to be coupled. The partition wall 5 forms a signal
transmission path between the resonators 21 to 26. As
in the embodiment 1, the signal transmission path is U-
shaped. In other words, the signal transmission path can
be freely designed according to the installation position
and the installation number of the partition wall 5, etc.
[0029] As shown in FIG. 4, each resonator 2 specifi-
cally includes a body part 211 and a bending part. One
end of the body part 211 is grounded. When the partition
wall 5 is not disposed in the filter frame 1, the grounding
terminal can be integrally formed with any side wall of
the filter frame 1, such as integrally formed with the rear
side wall of the filter frame 1, and the other end extends
to the front side wall close to the filter frame 1, and for
example, can be integrally formed with the left side of the
filter frame 1, and the other end extends to the right side
wall close to the filter frame 1. When the partition wall 5
is provided, the grounding terminal can be integrally
formed with the partition wall 5, and/or integrally formed
with any side wall of the filter frame 1 as required. As
shown in Figs. 1 to 3, in this embodiment 1, the grounding
terminals of the filters 21, 22, 25, and 26 are integrally
formed with the partition wall 5, while the grounding ter-
minals of the filters 23 and 24 are integrally formed with
the right side wall of the filter frame 1. In other words, the
design of the grounding terminal of the body part 211 can
be freely changed among up, down, left and right in the
filter frame 1.
[0030] The bending part is connected with the other
end of the body part 211 and formed by bending. The
bending shape of the bending part can be freely changed
and designed according to actual needs. There is no re-
striction here, which means that the shape of the reso-
nator 2 can be bent to form various designs as required.
Specifically, as shown in FIG. 4, the bending part includes
a head bending part 212 and an end bending part 213,
wherein the head bending part 212 is formed by bending
the other end of the body part 211 in one or two directions.
The head bending part 212 and the last bending part 213
are connected to form a resonator structure circulating
in a counterclockwise or clockwise direction. Alternative-
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ly, as an alternative, the bending part may include at least
one middle bending part 214 in addition to the head bend-
ing part 212 and the end bending part 213, wherein the
head bending part 212 is formed by bending the other
end of the main body 211 in one direction or two direc-
tions, and the middle bending part 214 connects the head
bending part 212 and the end bending part 213 to form
a resonator structure circulating in a counterclockwise or
clockwise direction.
[0031] As shown in FIG. 4, in the embodiment 1, the
bending part is connected to the other end of the body
part 211 to form at least three bends formed by perpen-
dicular bending in a clockwise or counterclockwise direc-
tion, that is, the bending part includes the head bending
part 212, middle bending part 214 and end bending part
213, wherein the head bending part 212 is connected
with the other end of the body part 211 to form a perpen-
dicular bend, and the middle bending part is connected
with the end of the head bending part 212, a perpendic-
ular bend is formed, and the end bending part 213 is
connected to the end of the middle bending part 214 to
form a perpendicular bend. Compared with the existing
L-shaped and T-shaped resonators, the resonator struc-
ture designed in the present invention can realize the
smaller size of the filter, and the frequency of the filter is
lower. Preferably, the bending part is thickened in the
direction perpendicular to the upper and lower ends of
the filter frame, even if the thickness of the bending part
is greater than the thickness of the body part 211, the
volume of the resonator can be further reduced under
the requirement of the same frequency.
[0032] The electromagnetic hybrid coupling between
two adjacent resonators 2 on the signal transmission
path. The specific main coupling method is determined
by the shape and arrangement of the resonators 2. The
coupling degree between the resonators 2 can be ad-
justed by coupling area and spacing between the reso-
nators 2. It should be noted that the coupling of a general
TEM mode filter is the coexistence of electrical coupling
(namely capacitive coupling) and magnetic coupling
(namely inductive coupling). Among the two couplings,
the larger coupling is called dominant coupling, and the
dominant coupling mode in the filter of the present inven-
tion can be freely selected by the shape of the resonator
2. Like the integrated 6-order filter in the embodiment 1,
the signal transmission path formed is a U-shaped path
formed by the resonators 21 to 26.
[0033] Preferably, at least one group of two adjacent
resonators in the plurality of groups of two adjacent res-
onators in different receiving chambers is coupled to
each other to realize cross-coupling. As shown in FIGS.
1 to 3, two adjacent resonators in different receiving
chambers form a cross-coupled transmission path
through the corresponding coupling opening 51 on the
partition wall 5. The coupling degree of the cross-cou-
pling is adjusted according to the area of the coupling
opening 51, and/or the shape and coupling distance of
the resonator coupled through the coupling opening 51,

and the coupling mode selection of the cross-coupling is
determined according to the dominant coupling mode. In
the embodiment 1, a coupling opening 51 is provided on
the partition wall 5 at a position corresponding to the res-
onators 22 and 25, and the resonator 22 and the body
part 211 of the resonator 25 are directly connected
through the coupling opening 51 to form inductive cross-
coupling, namely adding the inductive cross-coupling to
form two transmission zero points; and a coupling open-
ing 51 is also provided on the partition wall 5 at a position
corresponding to the resonators 21 and 26, so that the
bent portions of the resonators 21 and 26 are separated
by a certain distance. The opening 51 forms capacitive
coupling, that is, capacitive cross-coupling is added. In
this embodiment, a cross-coupling is used in a higher
frequency band of a pass band, and two zero with oppo-
site phases are generated in the low frequency range.
Therefore, the two cross-couplings produce a total of 4
transmissions zero points. As shown in the principle di-
agram of FIG. 5, the cross-coupling between the reso-
nators 22 and 25 is inductive coupling, and the cross-
coupling between the resonators 21 and 26 is capacitive
coupling. Fig. 6 shows the corresponding electrical per-
formance curve. The inductive cross-coupling and ca-
pacitive cross-coupling formed by the two coupling open-
ings 51 form a total of 4 zero points, so a high-perform-
ance filter with good attenuation characteristics can be
realized. The strength and position of each zero point
can be controlled independently.
[0034] Further, as shown in Figs. 1 to 3, the filter further
includes a signal input port 7 and a signal output port 8.
The two ports 7, 8 are respectively arranged at the two
ends of the signal transmission path, the positions of the
output ports 7, 8 are determined according to the direction
of the signal transmission path, that is to say, Due to the
different signal transmission paths, the setting positions
can be different accordingly, so changing the signal
transmission path can alter the signal input and output
ports 7, 8 .As can be seen from the above description,
the signal transmission path can be freely designed by
the installation position of the partition wall 5. In Embod-
iment 1, the signal input port 7 is arranged outside the
filter frame 1 at a position close to the resonator 21, and
the signal output port 8 is arranged outside the filter frame
1 at a position close to the resonator 26. During imple-
mentation, the signal input port 7 and the signal output
port 8 can also have various forms. In this embodiment,
the signal input and output ports 7 and 8 are in the form
of inner cores, which can also be changed into connec-
tors, or the upper and lower ends are combined with PCB
boards (i.e., the upper cover and the lower cover) form
the signal input and output ports 7, 8.
[0035] As shown in Fig. 7, there are 8 integrated res-
onators 2 in a filter frame 1 to form a 4-cavity band-pass
filter, wherein, the filter frame 1 is provided with three
partition walls 5 distributed in the same row (for example,
distributed along the left side wall of the filter frame 1 to
the right side wall of the filter frame 1), and the three
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partition walls 5 will divide receiving space 11 into four
receiving chambers 111, and each receiving chamber
111 is provided with two resonators 2. The shape and
grounding position of the resonators 2 refer to the de-
scription of the above-mentioned embodiment 1, which
will not be repeated here. And whether the dominant cou-
pling mode between the resonators 2 in embodiment 2
is the electrical coupling mode or the magnetic coupling
mode is controlled according to the shape of the resona-
tors 2 and the position of mutual coupling.
[0036] The two coupling gaps 6 of two adjacent parti-
tion walls 5 are located on different sides, so that the
signal transmission path in the filter 2 has an S-shape
according to the partition wall 5. According to the S-
shaped signal transmission path, the positions of the sig-
nal input and output ports 7 and 8 can be controlled. The
signal input and output ports 7 and 8 are respectively at
the two ends of the signal transmission path, and the
direction of the signal transmission path determines the
positions of the signal input and output ports 7, 8. Of
course, the signal transmission path of the resonator in
Embodiment 2 can also be U-shaped. As shown in FIGS.
8 and 9, a partition wall 5 is provided in the intermediate
of the filter frame 1.
[0037] That is to say, the shape and grounding position
of the resonator 2 of the present invention can be freely
designed, and the dominant coupling mode between the
resonators 2 can be determined by the coupling position
of the coupled resonators 2, so it can also be freely de-
signed; in addition, the installation position of the partition
wall 5 can be freely designed, and the signal transmission
path is determined by the installation position of the par-
tition wall 5, so it can also be designed freely, and the
signal input and output ports 7 and 8 are determined by
the signal transmission path, so they can also be free
designed. Further, the cross-coupling between the res-
onators 2 is determined according to the performance
requirements of the filter, so it can also be freely de-
signed. In the present invention, the design of the shape
of the resonator 2, the coupling mode between the res-
onators 2, the signal transmission path, the signal input
and output ports 7, 8, and the filter cross-coupling mode
can be freely designed as required, and are not limited
to the three implementations described above.
[0038] It can be seen from Figs. 1, 7 and 8 that the
present invention has no additional assembly structure
except for the joint, and the processing and assembly
costs can be greatly reduced. And there are no additional
structural parts when cross-coupling between non-adja-
cent resonators is formed. Cross-coupling can be real-
ized only by opening the partition wall, so the processing
and assembly tolerances caused by the structural parts
can be reduced, and the difficulty of producing products
can be reduced.
[0039] The technical content and technical features of
the present invention have been disclosed above, but
those skilled in the art may still make various substitutions
and modifications based on the teachings and disclo-

sures of the present invention without departing from the
spirit of the present invention. Therefore, the scope of
protection of the present invention should not be limited
to the disclosure in the embodiments, but should include
various substitutions and modifications that do not devi-
ate from the present invention, and are covered by the
claims of this patent application.

Claims

1. A filter, comprising:

a filter frame in which a receiving space is
formed;
at least two resonators disposed in the receiving
space and distributed along a signal transmis-
sion path, adjacent resonators on the signal
transmission path being coupled, and each res-
onator including a body part and a bending part,
one end of the body part being integrally formed
with the filter frame and grounded, wherein the
bending part includes a head bending part and
an end bending part, and the head bending part
being connected with the end bending part to
form a resonator structure circulating in a coun-
terclockwise or clockwise direction, or the bend-
ing part includes a head bending part, at least
one middle bending part and an end bending
part, and the middle bending part connects the
head bending part and the end bending part to
form a resonator structure circulating in a coun-
terclockwise or clockwise direction.

2. The filter according to claim 1, wherein the head
bending part is formed by bending the other end of
the body part in one direction or two directions.

3. The filter according to claim 1, wherein at least one
partition wall is further disposed in the filter, and a
coupling gap is formed between the partition wall
and an inner wall of the filter frame and the partition
wall is integrally formed with the filter frame, the par-
tition wall divides the receiving space into a plurality
of receiving chambers, the body part of the resonator
is integrally formed with the partition wall and ground-
ed, and/or the body part of the resonator is integrally
formed with an inner wall of the filter frame and
grounded.

4. The filter according to claim 3, wherein the signal
transmission path in the filter has a U-shape or an
S-shape according to the partition wall.

5. The filter according to claim 3, wherein only one par-
tition wall is disposed within the filter and the partition
wall is integrally formed with a middle section of the
filter frame, and the signal transmission path in the
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filter has a U-shape according to the partition wall.

6. The filter according to claim 3, wherein a plurality of
partition walls spaced with each other are disposed
within the filter, and two adjacent partition walls re-
spectively form a coupling gap with a corresponding
inner wall of two opposite inner walls of the filter
frame, the signal transmission path in the filter has
an S-shape according to the partition wall.

7. The filter according to any one of claims 3 to 6, where-
in the partition wall is provided with a coupling open-
ing, and two adjacent resonators in different receiv-
ing chambers are coupled through the coupling
opening to form a cross-coupling.

8. The filter according to claim 7, wherein the body parts
of two adjacent resonators in different receiving
chambers are directly connected through the cou-
pling opening to form inductive cross-coupling.

9. The filter according to claim 7, wherein the bending
parts of two adjacent resonators in different receiving
chambers are spaced apart a distance through the
coupling opening to form capacitive cross-coupling.

10. The filter according to claim 1, wherein the filter fur-
ther comprises an upper cover plate arranged at an
upper end of the filter frame and a lower cover plate
arranged at a lower end of the filter frame, the upper
cover and the lower cover encapsulate the receiving
space, and a thickness of the bending part of the
resonator is greater than a thickness of the body part
in a direction perpendicular to the upper and lower
cover plates.
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