EP 4 503 333 A1

(19)

Européisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(11) EP 4 503 333 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
05.02.2025 Bulletin 2025/06

(21) Application number: 23773585.7

(22) Date of filing: 03.03.2023

(51)

International Patent Classification (IPC):
H01Q 3/32(2006.01) H01Q 3/34(2006.01)
H01Q 1/12(2006.01) HO1Q 1/20 (2006.01)
H01Q 1/24 (2006.01)

International application number:
PCT/CN2023/079430

International publication number:
WO 2023/179334 (28.09.2023 Gazette 2023/39)

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB

GRHRHUIEISITLILTLULV MC ME MK MT NL

NO PL PT RO RS SE SI SK SM TR
Designated Extension States:

BA

Designated Validation States:

KH MA MD TN

(30) Priority: 24.03.2022 CN 202210296874

(71) Applicant: Guangdong Broadradio
Communication Technology
Co., Ltd
Guangzhou, Guangdong 510000 (CN)

(74)

Inventors:

HUANG, Yunlong

Guangzhou, Guangdong 510000 (CN)
WU, Biqun

Guangzhou, Guangdong 510000 (CN)
ZHANG, Peng

Guangzhou, Guangdong 510000 (CN)
XIE, Haochang

Guangzhou, Guangdong 510000 (CN)

Representative: Chung, Hoi Kan
Mandarin IP Limited

7 Cherry Trees

Great Shelford

Cambridge CB22 5XA (GB)

(54)

(57) The present invention relates to an electric
downtilt angle adjustment apparatus and a base station
antenna. The apparatus comprises a position selection
transmission assembly and a phase shift assembly. The
position selection transmission assembly comprises a
support frame, a moving switching mechanism, a trans-
mission gear, and a second guide shaft. The second
guide shaftis mounted on the support frame, and multiple
transmission intermediate wheels are mounted on the
second guide shaft at intervals, the transmission gear
being configured to drive the transmission intermediate
wheels to rotate. The moving switching mechanism is
mounted on the support frame. A driving member is
disposed on the moving switching mechanism. The
phase shift assembly comprises multiple driven mem-
bers. The apparatus has the advantages of having a
simple structure, being convenient to manufacture, low
in cost, and light weight, having a small size, and having
reliable quality.
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Description

TECHNICAL FIELD

[0001] The present invention relates to the technical
field of antennas, in particular to an electric downtiltangle
adjustment apparatus and a base station antenna.

BACKGROUND

[0002] When the base station antenna is working, it
usually needs to tilt downward at a certain angle relative
to the horizontal line, and the size of this tilt angle can
change the radiation range of the antenna. At present, the
antenna downtilt is mainly adjusted by mechanical down-
tilt and electric downtilt. The electric downtilt can be
controlled by remote electric adjustment, which has
low cost, so it has been widely used.

[0003] With the increasing number of mobile commu-
nication terminal users, it is often required that the same
antenna needs more communication bands, and the
electrical downtilt angle of each communication band
needs to be controlled independently, and the electrical
downtilt angle can be changed by driving its correspond-
ing phase shifter transmission mechanism. In the tradi-
tional transmission device, a driving motor is usually used
to correspond to a phase shifter transmission mechan-
ism. Because of the large number of control circuits and
motors, this method is bound to cause problems such as
high cost, complex structure, large space occupation and
low reliability.

SUMMARY

[0004] The object of the present invention is to provide
an antenna electrical downtilt angle adjustment appara-
tus which has a simple structure, is easy to manufacture,
has a low cost, a light weight, a small size and a reliable
quality, that is, a base station antenna using the antenna
electrical downtilt angle adjustment apparatus.

[0005] In order to achieve the purpose of the present
invention, the following technical solution is adopted:

A first aspect of the present invention provides an
electric downtilt angle adjustment apparatus, which
includes a position selection transmission assembly
and a phase shift assembly, wherein the position
selection transmission assembly comprises a sup-
port frame, a moving switching mechanism, a trans-
mission gear and a second guide shaft; the support
frame is provided with a second guide shaft, a plur-
ality of transmission intermediate wheels are in-
stalled on the second guide shaft at intervals; the
transmission gear is used for driving the transmis-
sion intermediate wheels to rotate, and a moving
switching mechanism is installed on the support
frame, and the moving switching mechanism is used
for driving the transmission gear to move and switch
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among the transmission intermediate wheels; the
moving switching mechanism is provided with a
driving member, and the driving member is used
for driving the transmission gear to rotate;

The phase shift assembly comprises a plurality of
driven members, the plurality of transmission inter-
mediate wheels are respectively in one-to-one trans-
mission connection with the driven members, and
the driven members are respectively connected with
the corresponding phase shifters to realize the ad-
justment of tilt angles of the phase shifters.

[0006] A further improvement is that the moving
switching mechanism comprises a transmission shaft
and a position selection rack, wherein both ends of the
position selection rack are respectively provided with
position selection fixing holes, and the position selection
fixing holes at both ends are respectively provided with
transmission gears; the transmission shaft passes
through the position selection fixing holes and the holes
ofthe transmission gears, and both ends are respectively
connected with the support frame; and the position se-
lection rack is provided with a position selection input
gear, and the rotation of the position selection input gear
is capable of driving the position selection rack and the
transmission gear to slide along an axial direction of the
transmission shaft.

[0007] A further improvement is that a circular shaft
elastic arm is arranged on the transmission gear, and the
circular shaft elastic arm is capable of rotating in the
position selection fixing hole of the position selection
rack; and an end part of the transmission gear is provided
with an reverse buckle buckled on the position selection
fixing hole.

[0008] A further improvement is that the driving mem-
ber comprises a transmission input bevel gear and a first
bevel gear; the first bevel gear is sleeved on the trans-
mission shaft, the rotation of the first bevel gear is cap-
able of driving the transmission shaft and the transmis-
sion gear to rotate synchronously, and the rotation of the
transmission input bevel gear is capable of driving the
first bevel gear to rotate.

[0009] A further improvement is that the second guide
shaft is provided with a plurality of clamp grooves, and a
backstop surface of the transmission intermediate wheel
is provided with a clamp ring; after passing through the
holes of the transmission intermediate wheels one by
one, the second guide shaftis buckled in the correspond-
ing clamp groove on the second guide shaft by the clamp
ring.

[0010] A further improvement is that the phase shift
assembly comprises a fixed seat located at one side of
the position selection transmission assembly; the driven
member comprises an internal thread strip and an ex-
ternal thread column, wherein the internal thread strip is
installed in a guide groove of the fixed seat, and the
external thread column is placed below the internal
thread strip; the rotation of the transmission intermediate
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wheel is capable of driving the external thread column to
rotate, and the rotation of the external thread column is
capable of driving the internal thread strip to slide in the
guide groove.

[0011] A further improvement is that the driven mem-
ber further comprises a third bevel gear, a second bevel
gearis arranged on the transmission intermediate wheel,
and the second bevel gear is meshed with the corre-
sponding third bevel gear; the third bevel gear sequen-
tially passes through a first circular hole of the fixed seat,
a through hole of the external thread column and a
second circular hole of the fixed seat; the third bevel gear
is in transmission connection with the external thread
column, and the third bevel gear is capable of rotating in
the first circular hole and the second circular hole of the
fixed seat.

[0012] A further improvement is that a damping ring is
arranged between the third bevel gear and the first cir-
cular hole of the fixed seat.

[0013] A further improvement is that a rear part of the
third bevel gear is provided with a elastic buckle, and the
elastic buckle is buckled on an end face of the second
circular hole of the fixed seat to prevent the third bevel
gear from coming loose from the fixed seat.

[0014] A second aspect of the present invention pro-
vides a base station antenna, including the electric down-
tilt angle adjustment apparatus according to the first
aspect.

[0015] The present invention has the following bene-
ficial effects:

In the present invention, since the transmission shaft
passes through the holes of the transmission gear and
the first bevel gear respectively, and the transmission
shaft is connected with the holes of the first bevel gear
and the transmission gear in a spline way, the rotation of
the transmission input bevel gear is capable of driving the
rotation of the first bevel gear, thereby driving the syn-
chronous rotation of the transmission shaft and the trans-
mission gear. The rotation of the transmission gear is
capable of driving the rotation of a certain transmission
intermediate wheel meshed with it. Because the second
bevel gear of the transmission intermediate wheel is
meshed with the third bevel gear, and under the action
of the clamp ring, the transmission intermediate wheel
has been fixed along the axial direction of the second
guide shaft and can only rotate along the axial center of
the second guide shaft, while the rotation of the transmis-
sion intermediate wheel is capable of driving the rotation
of the third bevel gear, thus driving the internal thread
strip to move back and forth in the guide groove, and the
end of the internal thread strip can be connected with the
corresponding phase shifter, thus realizing the adjust-
ment of the tilt angle of the phase shifter.

[0016] The electric downtilt angle adjustment appara-
tus provided by the presentinvention has the advantages
of simple structure, convenient manufacture, low cost,
light weight, small size and reliable quality.

[0017] Accordingtothe presentinvention, anlock hook
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is arranged on the support frame, the two ends of the
transmission shaft are provided with circular grooves,
and the lock hook of the support frame is clamped in the
circular grooves of the transmission shaft, so that the
support frame can be prevented from falling off; the
position selection transmission assembly is integrated,
which is convenient for the turnover and installation of the
position selection transmission assembly as a module on
the production line.

[0018] According to the present invention, a damping
ring is added between the third bevel gear and the first
circular hole of the fixed seat, so that the internal thread
strip can be prevented from sliding back and forth when
the third bevel gearis in a non-working state, such as jitter
in the product transportation process; and by arranging
the elastic buckle, the elastic buckle is buckled on the end
face of the second circular hole of the fixed seat, so that
the third bevel gear can be prevented from loosening
from the fixed seat, so that the phase shift assembly is
integrated, and the turnover and installation of the phase
shift assembly as a module on the production line are
facilitated.

BRIEF DESCRIPTION OF DRAWINGS

[0019]

FIG. 1 is a first structural schematic diagram of an
electric downtilt angle adjustment apparatus accord-
ing to an embodiment of the present invention;
FIG. 2 is an explosion schematic diagram of a posi-
tion selection transmission assembly of the electric
downtilt angle adjustment apparatus according to an
embodiment of the present invention;

FIG. 3 is a schematic diagram of the assembly ex-
plosion of the transmission intermediate wheel of the
electric downtilt angle adjustment apparatus accord-
ing to the embodiment of the present invention;
FIG. 4 is a schematic structural diagram of a position
selection transmission assembly of the electric
downtilt angle adjustment apparatus according to
an embodiment of the present invention;

FIG. 5is an explosion schematic diagram of a phase
shift assembly of the electric downtilt angle adjust-
ment apparatus according to an embodiment of the
present invention;

FIG. 6 is a sectional view of a phase shiftassembly of
the electric downtilt angle adjustment apparatus ac-
cording to an embodiment of the present invention;
FIG. 7 is a second structural schematic diagram of
the electric downtilt angle adjustment apparatus ac-
cording to an embodiment of the present invention.

[0020] Description of reference numerals:

[0021] 1. Position selection transmission assembly; 2.
Phase shiftassemblies; 10. Position selection input gear;
11. Transmission input bevel gear; 12. Supportframe; 13.
Position selection rack; 14. Transmission gear; 141,
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Circular shaft elastic arm; 142. Reverse buckle; 15.
Transmission shaft; 16. First bevel gear; 17. First guide
shaft; 18. Transmission intermediate wheel; 181, Second
bevel gear; 182, Backstop surface; 19. Second guide
shaft; 191, clamp groove; 20, clamp ring; 21. Fixed seat;
211. The first circular hole; 212, the second circular hole;
22. The third bevel gear; 221, snap; 23. External thread
column; 24, internal thread; 25. Damping ring.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0022] In order to make the object, technical solution
and advantages of the present invention more clear, the
present invention will be further explained in detail with
the attached drawings and specific embodiments. It
should be understood that the specific embodiments
described here are only for explaining the present inven-
tion, and do not limit the protection scope of the present
invention.

[0023] It should be noted that when an element is
referred to as "fixed to", "disposed on", "fixedly provided
on"or "installed on" another element, it can be directly on
another element or there can be an intervening element.
When an element is considered to be "connected" to
another element, it may be directly connected to another
element or intervening elements may exist at the same
time. Further, when an element is considered as "in
transmission connection" with another element, it is only
necessary that the two elements can realize power trans-
mission, and the specific implementation method can be
realized by using the prior art, which will not be repeated
here. When an element and another element are per-
pendicular or nearly perpendicular to each other, it
means that their ideal state is vertical, but due to the
influence of manufacturing and assembly, there may be
some vertical errors. The terms "vertical", "horizontal",
"left" and "right" and similar expressions used herein are
for illustration purposes only, and do not represent the
only embodiment.

[0024] Unless otherwise defined, all technical and
scientific terms used herein have the same meaning
as commonly understood by those skilled in the technical
field of the presentinvention. The terminology used in the
description of the present invention herein is only for the
purpose of describing specific embodiments, and is not
intended to limit the present invention. As used herein,
the term "and/or" includes any and all combinations of
one or more related listed items.

[0025] The terms "first" and "second" in the present
invention do not represent the specific number and order,
but are only used to distinguish names.

[0026] Hereinafter, an embodiment of the present in-
vention will be described in detail with reference to FIGs
1-7:

[0027] Anembodiment of the first aspect of the present
invention provides an electric downtilt angle adjustment
apparatus. Referring to FIG. 1, the application solution of
the present invention consists of the following compo-
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nents:

The electric downtilt angle adjustment apparatus
includes a position selection transmission assembly
1 and a phase shift assembly 2, wherein the position
selection transmission assembly 1 can select the
position for any transmission in the phase shift as-
sembly 2, and the phase shift assembly 2 is capable
of driving a corresponding phase shifter (not shown)
to adjust the tilt angle; the position selection trans-
mission assembly 1 includes a support frame 12, a
moving switching mechanism, a transmission gear
14 and a second guide shaft 19; a second guide shaft
19 is mounted on the support frame 12, and a plur-
ality of transmission intermediate wheels 18 are
mounted on the second guide shaft 19 at intervals;
the transmission gear 14 is used to drive the trans-
mission intermediate wheels 18 to rotate, and a
moving switching mechanism is mounted on the
support frame 12, which is used to drive the trans-
mission gear 14 to move and switch among the
transmission intermediate wheels 18; the moving
switching mechanism is provided with a driving
member for driving the transmission gear 14 to ro-
tate;

The phase shift assembly 2 includes a plurality of
driven members, a plurality of transmission inter-
mediate wheels 18 are respectively in transmission
connection with a plurality of driven members in one-
to-one correspondence, and a plurality of driven
members are respectively connected with corre-
sponding phase shifters for adjusting the tilt angle
of the phase shifters.

[0028] The moving switching mechanism includes a
transmission shaft 15 and a position selection rack 13,
wherein both ends of the position selection rack 13 are
respectively provided with positioning fixing holes 131,
and the positioning fixing holes 131 at both ends are
respectively provided with transmission gears 14; the
transmission shaft 15 passes through the positioning
fixing holes 131 and the holes of the transmission gear
14, and both ends are respectively connected with the
support frame 12; and the position selection rack 13 is
provided with a positioning input gear 10, and the rotation
of the positioning input gear 10 is capable of driving the
position selection rack 13 and the transmission gear 14 to
slide along the axial direction of the transmission shaft 15.
[0029] The driving member includes a transmission
input bevel gear 11 and a first bevel gear 16, and the first
bevel gear 16 is sleeved on the transmission shaft 15.
The rotation of the first bevel gear 16 is capable of driving
the transmission shaft 15 and the transmission gear 14 to
rotate synchronously, and the rotation of the transmission
input bevel gear 11 is capable of driving the first bevel
gear 16 to rotate.

[0030] Specifically, referring to FIG. 2, the transmission
gear 14 is symmetrically installed on the position selec-
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tion fixing holes 131 at both ends of the position selection
rack 13. The transmission gear 14 is provided with a
circular shaft elastic arm 141, which is capable of rotating
in the position selection fixing hole 131 of the position
selectionrack 13, and the end of the transmission gear 14
is provided with a reverse buckle 142, which can be
buckled on the position selection fixing hole 131.
[0031] Further, the transmission shaft 15 passes
through the holes of the transmission gear 14, the first
bevel gear 16 and another transmission gear 14 respec-
tively, and the transmission shaft 15 can be matched with
the transmission gear 14 and the first bevel gear 16 by a
spline structure, therefore the rotation of the first bevel
gear 16 is capable of driving the transmission shaft 15
and the transmission gear 14 to rotate synchronously.
[0032] Further, the support frame 12 is also provided
with a first guide shaft 17, which passes through both
ends of the position selection rack 13, and the position
selection rack 13 is capable of driving the transmission
gear 14 buckled on the fixing hole 131 to slide freely along
the axial direction of the transmission shaft 15 (or the first
guide shaft 17) as a whole, so that the sliding of the
position selection rack 13 is more stable under the joint
action of the first guide shaft 17 and the transmission
shaft 15.

[0033] Referringto FIG. 3, the second guide shaft19is
provided with a plurality of clamp grooves 191, and the
backstop surface 182 of the transmission intermediate
wheel 18 is provided with a clamp ring 20. After the
second guide shaft 19 passes through the holes of the
transmission intermediate wheels 18 one by one, the
second guide shaft 19 is correspondingly buckled in
the corresponding clamp groove 191 with the clamp ring
20, so that the transmission intermediate wheels 18 are
evenly and symmetrically distributed on both sides of the
second guide shaft 19. The transmission intermediate
wheel 18 can freely rotate along the axis of the first guide
shaft 17, and the clamp ring 20 is placed on the backstop
surface 182 of the transmission intermediate wheel 18 to
prevent the transmission intermediate wheel 18 from
sliding to the other side along the axis direction of the
second guide shaft 19. Further, the installation position
and number of the clamp ring 20 and the transmission
intermediate wheel 18 can be adjusted according to the
requirements of antenna implementation, and the embo-
diment of the present invention adopts 12 paths for ex-
planation.

[0034] Referring to FIG. 4, the support frame 12 is
installed at both ends of the first guide shaft 17, the
second guide shaft 19 and the transmission shaft 15,
and plays a role in supporting and positioning the first
guide shaft 17, the second guide shaft 19 and the trans-
mission shaft 15.

[0035] Further, the transmission shaft 15 can freely
rotate in the fixing holes at both ends of the support frame
12, and the support frame 12 is provided with lock hooks
121, and both ends of the transmission shaft 15 are
provided with circular grooves 151, and the lock hooks
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121 of the support frame 12 are clamped in the circular
grooves 151 of the transmission shaft 15, so that the
support frame 12 can be prevented from falling off, and
the position selection transmission assembly 1 is inte-
grated, which is convenient for the rotation and installa-
tion of the position selection transmission assembly 1 as
a module on the production line.

[0036] Further, the rotation of the position selection
input gear 10 is capable of driving the position selection
rack 13 to slide along the axial direction of the transmis-
sion shaft 15 (or the first guide shaft 17), and the sliding of
the position selection rack 13 is capable of driving the
transmission gear 14 buckled on the position selection
fixing hole 131 to move correspondingly. During the slid-
ing process of the position selection rack 13, the trans-
mission gear 14 can be sequentially meshed with the
transmission intermediate wheels 18 fixed on the second
guide shaft 19, thus completing the position selection of
the transmission intermediate wheels 18 at different po-
sitions.

[0037] Further, the number of transmission gears 14
can be designed as one or several (the number of trans-
mission gears 14 in this example is two) according to the
efficiency requirement of gear shifting. When one of the
transmission gears 14 is meshed with any transmission
intermediate wheel 18, the transmission gears 14 in other
positions need to be completely separated from the
transmission intermediate wheel 18.

[0038] Referring to FIG. 5 and FIG. 6, the phase shift
assembly 2 includes a fixed seat 21 located at one side of
the position selection transmission assembly 1, and the
driven memberincludes aninternal thread strip 24 and an
external thread column 23. The internal thread strip 24 is
installed in a guide groove of the fixed seat 21, and the
internal thread strip 24 can freely slide in the guide
groove, and the external thread column 23 is placed
below the internal thread strip 24. Besides the thread
transmission mode shown in this example, other trans-
mission modes such as worm gear and screw can be
adopted between the external thread column 23 and the
internal thread strip 24. The rotation of the transmission
intermediate wheel 18 is capable of driving the external
thread column 23 to rotate, and the rotation of the ex-
ternal thread column 23 is capable of driving the internal
thread strip 24 to slide in the guide groove.

[0039] Further, the driven member also includes a third
bevel gear 22, and a second bevel gear 181 is arranged
on the transmission intermediate wheel 18; the second
bevel gear 181 is meshed with the corresponding third
bevel gear 22, and a damping ring 25 is arranged be-
tween the third bevel gear 22 and the first circular hole
211 of the fixed seat 21. The third bevel gear 22 passes
through the damping ring 25, the first circular hole 211 of
the fixed seat 21, the through hole of the external thread
column 23 and the second circular hole 212 of the fixed
seat 21 inturn, and the third bevel gear 22 is in a drivable
connection with the external thread column 23. Specifi-
cally, the drivable connection between the third bevel
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gear 22 and the external thread column 23 can be rea-
lized by cooperation of a spline structural. The third bevel
gear 22 can freely rotate in the first circular hole 211 and
the second circular hole 212 of the fixed seat 21. The
rotation of the third bevel gear 22 is capable of driving the
external thread column 23 to rotate together, and the
rotation of the external thread column 23 is capable of
driving the internal thread strip 24 to move back and forth
in the guide groove of the fixed seat 21.

[0040] In this embodiment, the damping ring 25 is
added between the third bevel gear 22 and the first
circular hole 211 of the fixed seat 21, so that the internal
thread strip 24 can be prevented from sliding back and
forth when the third bevel gear 22 is in a non-working
state, such as jitter during product transportation.
[0041] Preferably, the rear part of the third bevel gear
22 can also be designed with an elastic buckle 221, which
is buckled on the end face of the second circular hole 212
of the fixed seat 21 to prevent the third bevel gear 22 from
loosening from the fixed seat 21, so that the phase shift
assembly 2 can be integrated, which is convenient for the
turnover and installation of the phase shift assembly 2 as
a module on the production line.

[0042] The working principle of the presentinvention is
thatthe transmission shaft 15 passes through the holes of
the transmission gear 14 and the first bevel gear 16
respectively, and the transmission shaft 15 is splined
with the holes of the first bevel gear 16 and the transmis-
sion gear 14, so that the rotation of the transmission input
bevel gear 11 drives the rotation of the first bevel gear 16,
thereby driving the synchronous rotation of the transmis-
sion shaft 15 and the transmission gear 14. The rotation
of the transmission gear 14 drives the rotation of a certain
transmission intermediate wheel 18 engaged with it.
Further, because the second bevel gear 181 of the
transmission intermediate wheel 18 is meshed with the
third bevel gear 22, and under the action of the clamp ring
20, the transmission intermediate wheel 18 has been
fixed along the axial direction of the second guide shaft
19, and can only rotate along the axial center of the
second guide shaft 19, while the rotation of the transmis-
sion intermediate wheel 18 can drive the third bevel gear
22 to rotate, thereby driving the internal thread strip 24 to
move back and forth in the guide groove; and the end of
the internal thread strip 24 can be connected with a
corresponding phase shifter (not shown), so that the tilt
angle of the phase shifter (not shown) can be adjusted.
[0043] ReferringtoFIG. 7, in other embodiments of the
present invention, the phase shift assembly 2 can be
designed as a group of one or more circuits (this example
uses two circuits as a group to explain). According to the
actual needs of the antenna, the phase shift assembly 2,
the transmission intermediate wheel 18 and the clamp
ring 20 can be increased or decreased accordingly in
number, thus realizing the modularization of the product,
improving the applicability of the product and saving the
cost.

[0044] An embodiment of the second aspect of the
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present invention proposes a base station antenna,
which includes an electric downtilt angle adjustment
apparatus as described in any of the embodiments of
the first aspect. Since other parts of the base station
antenna belong to the prior art, and can be realized by
a person skilled in the art with reference to the prior art,
which will not be described in detail here in this embodi-
ment.

[0045] The technical features of the above embodi-
ments can be combined at will. In order to make the
description concise, not all possible combinations of
the technical features in the above embodiments are
described. However, as long as there is no contradiction
between the combinations of these technical features,
they shall be considered as the scope recorded in this
specification.

[0046] The above-mentioned embodiments only ex-
press the specific embodiments of the present invention,
and their descriptions are more specific and detailed, but
they cannot be construed as limiting the patent scope of
the present invention. It should be pointed out that for
those skilled in the art, without departing from the concept
of the present invention, several variations and improve-
ments can be made, which all belong to the protection of
the present invention.

Claims

1. An electric downtilt angle adjustment apparatus,

comprising a position selection transmission assem-
bly and a phase shift assembly, wherein the position
selection transmission assembly comprises a sup-
port frame, a moving switching mechanism, a trans-
mission gear and a second guide shaft; the support
frame is provided with a second guide shaft, a plur-
ality of transmission intermediate wheels are in-
stalled on the second guide shaft at intervals; the
transmission gear is used for driving the transmis-
sion intermediate wheels to rotate, and a moving
switching mechanism is installed on the support
frame, and the moving switching mechanism is used
for driving the transmission gear to move and switch
among the transmission intermediate wheels; the
moving switching mechanism is provided with a
driving member, and the driving member is used
for driving the transmission gear to rotate;
The phase shift assembly comprises a plurality of
driven members, the plurality of transmission inter-
mediate wheels are respectively in one-to-one trans-
mission connection with the driven members, and
the driven members are respectively connected with
the corresponding phase shifters to realize the ad-
justment of tilt angles of the phase shifters.

2. The electric downtilt angle adjustment apparatus
according to claim 1, wherein the moving switching
mechanism comprises a transmission shaft and a
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position selection rack, wherein both ends of the
position selection rack are respectively provided with
position selection fixing holes, and the position se-
lection fixing holes at both ends are respectively
provided with transmission gears; the transmission
shaft passes through the position selection fixing
holes and the holes of the transmission gears, and
both ends are respectively connected with the sup-
port frame; and the position selection rack is pro-
vided with a position selection input gear, and the
rotation of the position selection input gearis capable
of driving the position selection rack and the trans-
mission gear to slide along an axial direction of the
transmission shaft.

The electric downtilt angle adjustment apparatus
according to claim 2, wherein a circular shaft elastic
arm is arranged on the transmission gear, and the
circular shaft elastic arm is capable of rotating in the
position selection fixing hole of the position selection
rack; and an end part of the transmission gear is
provided with a reverse buckle buckled on the posi-
tion selection fixing hole.

The electric downtilt angle adjustment apparatus
according to claim 2, wherein the driving member
comprises a transmission input bevel gear and a first
bevel gear; the first bevel gear is sleeved on the
transmission shaft, the rotation of the first bevel gear
is capable of driving the transmission shaft and the
transmission gear to rotate synchronously, and the
rotation of the transmission input bevel gear is cap-
able of driving the first bevel gear to rotate.

The electric downtilt angle adjustment apparatus
according to claim 1, wherein the second guide shaft
is provided with a plurality of clamp grooves, and a
backstop surface of the transmission intermediate
wheel is provided with a clamp ring; after passing
through the holes of the transmission intermediate
wheels one by one, the second guide shaftis buckled
in the corresponding clamp groove on the second
guide shaft by the clamp ring.

The electric downtilt angle adjustment apparatus
according to claim 1, wherein the phase shift assem-
bly comprises a fixed seat located at one side of the
position selection transmission assembly; the driven
member comprises an internal thread strip and an
external thread column, wherein the internal thread
strip is installed in a guide groove of the fixed seat,
and the external thread column is placed below the
internal thread strip; the rotation of the transmission
intermediate wheel is capable of driving the external
thread column to rotate, and the rotation of the ex-
ternal thread column is capable of driving the internal
thread strip to slide in the guide groove.
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7.

10.

The electric downtilt angle adjustment apparatus
according to claim 6, wherein the driven member
further comprises a third bevel gear, a second bevel
gear is arranged on the transmission intermediate
wheel, and the second bevel gearis meshed with the
corresponding third bevel gear; the third bevel gear
sequentially passes through afirst circular hole of the
fixed seat, a through hole of the external thread
column and a second circular hole of the fixed seat;
the third bevel gear is in transmission connection
with the external thread column, and the third bevel
gearis capable of rotating in the first circular hole and
the second circular hole of the fixed seat.

The electric downtilt angle adjustment apparatus
according to claim 7, wherein a damping ring is ar-
ranged between the third bevel gear and the first
circular hole of the fixed seat.

The electric downtilt angle adjustment apparatus
according to claim 7, wherein a rear part of the third
bevel gear is provided with an elastic buckle, and the
elastic buckle is buckled on an end face of the
second circular hole of the fixed seat to prevent
the third bevel gear from coming loose from the fixed
seat.

A base station antenna, comprising the electric
downtilt angle adjustment apparatus according to
any one of claims 1 to 9.
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