EP 3 101 729 A1

(1 9) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 3101 729 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
07.12.2016 Bulletin 2016/49

(21) Application number: 15190172.5

(22) Date of filing: 16.10.2015

(51) IntClL:

HO01Q 1/24 (2006.01)
H01Q 21/30 (2006.01)

HO1Q 3/32(2006.0%)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA

(30) Priority: 02.06.2015 ES 201530770

(71) Applicant: Telnet Redes Inteligentes, S.A.
50196 La Muela (Zaragoza) (ES)

(72) Inventors:

e LEZA ABAD, Daniel Alfredo
50196 LA MUELA (Zaragoza) (ES)
« MERINO RUBIO, Ana Edelmira
50196 LA MUELA (Zaragoza) (ES)
+ CORTES SANTAOLALLA, Francisco Javier
50196 LA MUELA (Zaragoza) (ES)
+ MESA DOMINGUEZ, Ignacio
50196 LA MUELA (Zaragoza) (ES)

(74) Representative: Ungria Lépez, Javier

Avda. Ramoén y Cajal, 78
28043 Madrid (ES)

(54) SYSTEM FOR REMOTELY CONTROLLING THE RADIATION BEAMS OF MULTI-BEAM

ANTENNAS

(57) A system for remotely controlling the radiation
beams of multi-beam antennas, such that the system in-
ternal to the modular and scalable antenna comprises:

v mechanical means based on, at least, one movement
transmission module (B) for transmitting the rotary move-
ment of a motor-reducer (14) to the linear movement re-
quired by phase shifters included in the antenna and
whose rotary movement transmission module (B) is
formed by: a modular bedplate set (I), anchored to the
antenna frame, and a motor set (ll) that is removable and

accessible from the lower part of the antenna, and

v electronic control means (A) that govern the rotary
movement transmission modules (B) comprising: at
least, one housing set (Ill) and one removable cartridge
(IV) connected to the housing set (lll),

whereupon the transmission modules (B) and electronic
control means (A) are communicated by means of re-
spective cables connected to connectors (19a) and
(19b).
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Description
OBJECT OF THE INVENTION

[0001] The followinginvention, as expressed in the title
of this specification, relates to a system for remotely con-
trolling the radiation beams of multi-beam antennas,
whose object belongs to the field of antenna control, and
describes a mechanical/electronic system for remotely
controlling the radiation beams of a multi-beam antenna.
[0002] Therefore, the system consists of two differen-
tiated parts: i) the modular mechanical movement trans-
mission part and i) the electronic control partthatgoverns
the mechanical part, both of which can be integrated in
the interior of the antenna and are accessible to the end
user.

[0003] The mechanical system, which in the material-
isation of the present invention is internal, modular and
accessible, makes it possible to configure the tilt of each
antenna band separately, both manually and electrically,
and to individually remove each motor without disassem-
bling the antenna, without affecting the tilt position and
leaving the actual tilt position visible to the user at all
times.

[0004] The electronic control system, which in the ma-
terialisation of the present invention is internal, modular
and removable, makes it possible to control the tilt of
each band through one or more control entities in a com-
pletely independent manner, without interference there-
between, and without need to include any additional el-
ement.

FIELD OF APPLICATION

[0005] The present specification discloses a system
for remotely controlling the radiation beams of multi-
beam antennas, which is applicable in the field of mobile
telephony antennas, more specifically in the field of multi-
beam antennas that include what is widely known as re-
motely controlled beam shaping.

[0006] This invention is fully leveraged according to
the specific representation and materialisation shown in
the figures, where both the electronic and mechanical
system are internal to the antenna, modular and remov-
able; installed in shared antennas, a term widely known
in literature as "site sharing", where various mobile te-
lephony operators share a single antenna that includes
various radiation systems.

BACKGROUND OF THE INVENTION

[0007] Conventionally, beam-shaping antennas are
used particularly in mobile telephony base stations,
wherein their most well-known field of application is the
remote configuration of the inclination angle of the main
beam or tilt through the installation of RET (Remote Elec-
trical Tilt) devices on the antenna.

[0008] These antennas allow network operators to filt
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the direction where the main radiation beam of the an-
tenna points from a remote control centre without need
to physically tilt the antenna. The electrical phase shift is
achieved by electromechanically actuating elements in-
ternal to the antenna that modify the signal phase deliv-
ered to each radiation element (elements widely known
as phase shifters). The diagram of radiation upon the
coverage surface is higher in quality on achieving main
beam tilt by means of the electrical phase shift than if the
antenna was mechanically tilted. Also, on performing this
operation by means of individualised actuations per band
a different tilt is achieved for each band despite being
assembled on the same mechanical infrastructure.
[0009] In the field of mobile telephony, multi-beam an-
tennas are widely extended. In the present invention we
refer indistinctly to multi-beam or multi-band antennas,
understanding as such antennas that include more than
one radiation systemwithin a single radome; forexample,
a dual-band antenna may have two radiation systems in
the 1710-2690 MHz bandwidth; or a dual-band antenna
may have a radiation system over the 690-960 MHz
range and another radiation system over the 1710-2690
MHzrange; a hexa-band antennamay have two radiation
systems over the 690-960 MHz range and four radiation
systems over the 1710-2690 MHz range and so on. Each
radiation system may function in various sub-bands; for
example, a radiation system that covers the 1710-2690
MHz range may be used in the sub-bands GSM1800
(1710-1880 MHz), PCS1900 (1850-1990 MHz),
UMTS2100 (1920-2170 MHz), TDD Band 40
(2300-2500MHz), 3G-LTE Extension 2500 (2500 - 2690
MHz), etc. Hereinafter, the term multi-band antennas
shall be used to refer to various radiation systems within
asingleradome or envelope, where each band is referred
to as a radiation system.

[0010] There is increasing demand for multi-band an-
tennas by mobile telephony operators for several rea-
sons: i) onthe one hand, they allow the operator to deploy
a new technology replacing old mono-band antennas by
multi-band antennas without need to seek new sites, with
the ensuing savings in permit application fees for deploy-
ing the new network technology, as well as savings in
operating and maintenance costs; and, on the other, ii)
they allow various operators to share a single site by
sharing the antenna, wherein the bands of each operator
are fully independent from those of the other operators,
therefore also sharing permit application fees.

[0011] Multi-band antennas wherein the radiation
beam can be independently controlled by installing ex-
ternal remote control devices in each of the bands or at
least in bands that must be constantly controlled to opti-
mise the network already exist on the market. Currently,
there is increasing demand among network operators for
these devices to be internal to the antenna for three rea-
sons: i) if the RET is external and is connected to the
antenna at the time of its installation at the site, the RET
is prone to failures due to blows received during instal-
lation; ii) if the RET is not disposed on the antenna at the
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time of installation thereof at the site, the RET must then
be connected and normally the skills required of the RET
installer and integrator at the base station are not the
same skills required of an antenna installer; and iii) the
operator prefers the RET to be installed in-factory by the
manufacturer thereof to avoid configuration errors.
Therefore, despite the fact that the in-factory incorpora-
tion of these devices could initially represent a higher
cost for the antenna than that of installing RETs only in
the desired bandwidths, this may not be the case in the
installation as a whole.

[0012] The requirements demanded by network oper-
ators for antennas with internal RET are: i) possibility of
onsite replacement at an active site without need to un-
install the antenna; ii) possibility of manually configuring
the tilt of each band by the antenna installer, who ideally
should not need more tools than those required to install
the antenna on the mast; iii) the tilt configuration must be
visible at all times through a marker; and iv) it must be
flexible in order to share sites among various mobile te-
lephony network operators.

[0013] In the case of multi-band antennas, an inde-
pendent mechanism must be included to control the
beam of each of the bands, as well as providing the nec-
essary mechanisms for ensuring the maximum inde-
pendent control of the beam of each band in the event
of sharing among various operators or various base sta-
tions.

[0014] Currently, there are antennas that include sim-
ilar technology to that of the present invention, but lack
some characteristics exclusive thereto:

- The solution adopted in patent application
MX2010008830 (A) includes an internal system but
not completely accessible such as that proposed, as
the internal part of the mechanical system cannot be
accessed. In addition, it has a drawback that this
invention resolves, that of not being able to remove
or replace an inoperative engine without disassem-
bling the antenna.

- Patent application MX2010008830 (A) allows the
manual actuation of the mechanical system, but al-
ways disengaging the corresponding motor. Howev-
er, in the case at hand, it would not be necessary to
disengage the motor to manually actuate the system
regardless of whether or not electronics have been
inserted or of the existence of power failures.

- Patent application MX2010008830 (A) guarantees
that, during manual actuation of the system, the me-
chanical steering remains connected between the
system and the phase shifters, maintaining the tilt
and its respective indicator in the original position.
However, in the event of having to replace one or
more motors, the antenna must be disassembled
and the steering disconnected, therefore losing a
functionality that, in the case of the proposed inven-
tion, continues being effective.

- Patent EP2668693 B1 shows a beam-shaping de-
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vice in a multi-band antenna having only one control
interface for all the bands, which makes itimpossible
to share the antenna with the electronic equipment
of various operators.

- Patent DE102011015551 B4 discloses a supple-
mentary device for adding to the shared sites, but it
is not located or included in the radome of the an-
tenna nor can it be considered part of the internal
RET. With the present invention, no external or ad-
ditional element must be included to enable antenna
sharing among various operators.

- Patent US8860334 B2 discloses a system for con-
trolling a multi-band antenna which only envisages
the inclusion of a receiver port in the control board
to receive commands from the base station and a
serial port. The present invention includes various
control interfaces for independently sharing the an-
tenna among various base stations.

- Patent US8860334 B2 discloses a system for con-
trolling a multi-band antenna wherein various motors
cannot simultaneously be moved to simultaneously
control the beam of various radiation systems, even
connecting a site-sharing system according to patent
DE 102011015550 B4.

DESCRIPTION OF THE INVENTION

[0015] The present invention describes a system for
remotely controlling the radiation beams of multi-beam
antennas, such that the internal system of the modular
and scalable antenna comprises:

v mechanical means based on, at least, one move-
ment transmission module for transmitting the rotary
movement of a motor-reducer to a linear movement
required by phase shifters included in the antenna
and whose rotary movement transmission module
is formed by:

0 a modular bedplate set, anchored to the an-
tenna frame, and;

o0 a motor set, removable and accessible from
the lower part of the antenna wherein, in the ab-
sence of rotation of a motor-reducer shaft, the
beam can be manually adjusted by actuating a
spindle, wherein the tilt indicator plate indicates
the reading of the actual antenna tilt position at
all times; and

v electronic control means that govern the rotary
movement transmission modules, capable of con-
necting to various independent control entities for
independently controlling each beam through the ro-
tary movement transmission modules, where the as-
signment of bands by the control interface is flexible
and configurable, which comprises:

o at least one housing set; and
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0 aremovable cartridge connected to the hous-
ing set,

such that the movement transmission modules that
transmit the rotary movement to the motor-reducer
and the electronic control means are connected by
means of respective cables connected to connec-
tors.

[0016] The modular bedplate set consists of a motor
bedplate, a threaded spindle, a cart-nut, a fixation plate
for fixing the threaded spindle, a first screw of the fixation
plate, a pinion of the threaded spindle, a lock washer,
end-of-travel quick rivets, an end-of-travel micro-switch,
a tilt indicator plate, a push rod of the phase shifter and
second fixation screws for fixing the rod/indicator plate.
[0017] The motor setis composed of a motor-reducer,
an intermediate pinion, a second pinion of the motor-
reducer shaft, a motor cover and third joining screws for
joining the motor-reducer to the cover thereof.

[0018] The third joining screws for joining the motor-
reducer to the motor cover make it possible to seal the
motor set in its entirety to convert it into a replaceable
block.

[0019] The rotation of the motor-reducer actuates a
gear mechanism, transferring the motor shaft torque to
the intermediate pinion and, in turn, to the first spindle
pinion, transforming the circular movement of the motor-
reducer into the linear movement required by the phase
shifters by means of the spindle-nut mechanism mounted
thereon.

[0020] On establishing a distance between the motor
shaft and spindle by means of an intermediate pinion,
the motor-reducer can be removed or installed without
releasing any pinion and without affecting the connected
part of the phase shifters.

[0021] Upon removing the motor set, the spindle-nut
set remains mounted with the tilt degree indicator plate
and joined to the phase shifter push rod, allowing manual
actuation on the projecting part of the spindle shaft, main-
taining its functionality even without the motor installed.
[0022] The system includes one or more end-of-travel
micro-switches which allow calibration of the motor-re-
ducer, identifying its relative position with respect to the
end-of-travel stop without forcing the spindle-nut set at
the ends-of-travel thereof.

[0023] Furthermore, each removable cartridge is
formed by a control interface module and a control block,
whose modules may or may not be printed on the same
printed circuit board. In a practical embodiment, they are
built on two differentiated boards for greater flexibility,
but they could also be built on a single board.

[0024] Also, the control interface module contains one
or more control interfaces.

[0025] In a practical embodiment, each control inter-
face module is composed of an 8-way circular connector
and an 8-way female circular connector, although any
type and number of connectors may be adapted.
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[0026] The control block is composed of an electronic
control module, a feed control module and motor driver
circuit control module.

[0027] The motor driver circuits are electrically con-
nected to the motors through a connector that joins the
housing set to the removable cartridge and, in turn,
through the motor connectors.

[0028] The control block assigns any motor to any input
interface, an ideal condition for shared antennas where
there is no restriction on assigning to each operator the
band it wishes to control.

[0029] Likewise, the control electronics module is in
turn capable of managing the data flows it receives from
each control entity in a completely independent manner.
[0030] The control electronics module interprets the
commands it receives through each control interface and
activates the control signals, activating the motor drivers.
[0031] The feed control electronics module receives
the voltages stemming from each control interface and,
after passing through lightning and surge protections,
and after conveniently transforming them into the neces-
sary values for the installed motors, attacks the motor
drivers with voltages and currents and, likewise, the feed
control module also provides the feed voltage to the con-
trol electronics module.

[0032] Each motor driver acts on each motor.

[0033] A motor block containing only the necessary
connectors for connecting the different "motor sets" nec-
essary for each antenna model is implemented on the
printed circuit board present in the "housing set".
[0034] A cable extends from each motor block connec-
tor that is connected to each of the removable motors
through the connector enabled for such purpose, where-
through it is fed the necessary voltage and current to
rotate the motor.

[0035] Complementing the following description, and
for the purpose of helping to make the characteristics of
the invention more readily understandable, this specifi-
cation is accompanied by a set of drawings whose fig-
ures, by way of illustration and not limitation, represent
the most characteristic details of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0036]

Figures 1a, 1b and 1c show different perspective
views of the internal mechanical system that forms
part of the proposed invention.

Figure 1d shows a schematic view of the assembly
of the two subsets of said mechanical system.
Figure 1e shows an exploded view of the entire me-
chanical system object of the invention.

Figure 2a shows a perspective view of the modular
bedplate set that forms part of the mechanical sys-
tem.

Figure 2b shows an exploded view of the modular
bedplate set of the preceding figure.
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Figure 3a shows a perspective view of the motor set
integrated in the mechanical system.

Figure 3b shows a perspective exploded view of the
motor set of the preceding figure.

Figure 4 shows a view of three modular mechanical
systems mounted contiguously in the interior of an
antenna.

Figure 5 shows an external view of the antenna,
showing the layout of the internal electronic system
and mechanical system and integrated therein.
Figure 6a shows a view of the internal electronic sys-
tem that forms part of the invention proposed in this
specification.

Figure 6b shows a schematic view of the assembly
of the two subsets of said electronic system.
Figure 7 shows a block diagram of the electronics
associated with the multi-band internal RET, com-
posed of a controlinterface module, a control module
and the motor connection module.

Figure 8 shows a practical example of the use of the
internal RET of the system.

DESCRIPTION OF A PREFERRED EMBODIMENT

[0037] Inlight of the aforementioned figures and in ac-
cordance with the numbering adopted, it can be observed
that the presentinvention describes a system for control-
ling the radiation beams of a multi-beam antenna, which
is internal, modular and scalable for mechanically/elec-
tronically controlling the beam of a mobile telephony mul-
ti-beam antenna.

[0038] The system comprises two basic parts: amech-
anism that transmits the linear movement required by the
phase shifters and electronic control means that govern
the aforementioned mechanism.

[0039] As canbe observed infigures 1a, 6a and 5, the
electronic control means are identified by the letter "A"
and the mechanical means by the letter "B", such that
figure 6b details the electronic system composed of a
"housing set" (Ill) mounted in all cases on the antenna
and which houses a connector whereto a "removable
cartridge" (1V) is connected wherever necessary.
[0040] Furthermore, figure 1d shows that the mechan-
ical system is formed by a "modular bedplate set" (I) that
is anchored to the antenna frame and which may or may
not contain, depending on the model chosen, a "motor
set" (II) secured by fourth screws (1).

[0041] Both sets (mechanical and electronic) are inter-
connected by means of cables which allow the easy con-
nection and disconnection thereof when replacing the
motors.

[0042] Analysing the mechanical means in further de-
tail, in figure 1d it can be observed that the main advan-
tage of the invention is precisely this capability of remov-
ing or installing the motor set (ll) in its housing of the
modular bedplate set (lll), with the simple action of re-
moving the two fourth screws (1) and releasing their cor-
responding cable.
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[0043] Figure 3b shows the components of the motor
set (ll), defined by the motor-reducer (14), the interme-
diate pinion (15), a second pinion (16) of the motor-re-
ducer shaft (14), a cover (17) of the motor-reducer and
third joining screws (18) that join the motor-reducer (14)
to its cover (17). Said third screws (18), upon introducing
the intermediate pinion (15) and second pinion (16) of
the motor-reducer shaft (14) in their housing of the cover
(17) of the motor-reducer and motor-reducer shaft, make
it possible to seal this subset so as to convert it into a
single replaceable block.

[0044] The operation of this subset is simple: the mo-
tor-reducer (14), on rotating, actuates the gear mecha-
nism, transferring the torque to the intermediate pinion
(15). In the event that the motor-reducer (14) is mounted
on the bedplate and there is a power failure or it simply
does notreceive the commands from the electronic con-
trol means, its interior could be accessed (by means of
an opening in the outer cover of the antenna) to directly
and manually actuate the projecting part of the hexagonal
shaft of the motor-reducer (14) (using a common socket
wrench), which would make it possible to keep its func-
tionality intact.

[0045] Figure 2b details the assembly of the modular
bedplate set (1), which is composed of the motor-reducer
(14) bedplate (2), a threaded spindle (3), a cart-nut (4),
a fixation plate (5) for fixing the threaded spindle (3), a
first screw (6) of the fixation plate (5), a first pinion (7) of
the threaded spindle (3), a lock washer (8), end-of-travel
quick riveting (9), an end-of-travel micro-switch (10), a
tiltindicator plate (11), a push rod (12) of the phase shifter
and third fixation screws (13) for fixing the rod/indicator
plate.

[0046] The design of this modular bedplate subset (1)
is basically a mechanism for transforming the circular
motor-reducer (14) movement into the linear movement
required by the phase shifters of the antenna. This trans-
formation is performed by means of the spindle-nut (4)
mechanism mounted thereon, but other enhancements
provided by the present invention are added to this func-
tion.

[0047] One such enhancement, resulting from the es-
tablishment of a distance between the motor-reducer (14)
shaft and the threaded spindle (3) through the introduc-
tion of an intermediate pinion (15), is that it leaves suffi-
cient distance therebetween so that the motor-reducer
(14) itself can be removed or installed without releasing
any pinion and without affecting the part connected to
the phase shifters.

[0048] Upon removing the motor set, the cart-nut (4),
with its respective tilt indicator plate (11) and joined to
the pushrod (12) of the phase shifters, will remain mount-
ed, allowing manual actuation on the projecting part of
the hexagonal shaft of the threaded spindle (3) (using a
common socket wrench), maintaining its functionality
even without the motor-reducer (14) installed. Another
important characteristic of this system is that it includes
an end-of-travel micro-switch (10), which allows the cal-
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ibration of the motor-reducer (14), identifying its position
without forcing the spindle-nut assembly at the ends-of-
travel thereof.

[0049] Figure 4 shows that this modular mechanical
system allows the installation of various units per antenna
in a very small space and completely independent in or-
der to repair, manually actuate or even not install any of
them without affecting the rest of the system.

[0050] Figure 5 shows how said mechanical system is
accessed in the interior of the antenna through an open-
ing in the general cover, which can be sealed by its cor-
responding additional small cover.

[0051] The electronic system or control electronics
represented in figure 7 is composed of three differentiat-
ed blocks which in practice are implemented on three
printed circuit boards for the purpose of flexibility and
modularity: the control interface block (100), the control
block (110) and the motor block (120).

[0052] Therefore, said figure 7 shows a block diagram
of the electronics associated to the multi-band internal
RET, composed of a control interface module (100), a
control module (110) and the motor connection module
(120). The control interface module is constituted by 25
or more interfaces (20;). The control module (110) con-
tains the control electronics module (25), the feed control
module (26) and the motor drivers (27;). The control elec-
tronics (25) are in charge of managing communications
with each and every one of the control interfaces (20)),
fulfilling the communication protocol of each, and of gen-
erating the relevant control signals towards the motor
drivers (27;) in accordance with the commands received.
The feed control (26) is in charge of generating the feed
voltage (27) of the control electronics module (25) and
power supplies to the motor drivers (27;). The motor driv-
ers (27;) are in charge of activating the relevant signals
for initiating the rotation of the motors (28;) in the ade-
quate direction or ordering them to brake and stop, in
accordance with the indications received from the control
electronics (25).

[0053] The control interface block (100) contains the
necessary connectors to connect to the control entities.
The control entities are usually mobile telephony base
stations, although it is not limited to these. Any other sys-
tem having the appropriate software to send beam-shap-
ing commands can also act as a control entity. The control
interfaces (20) are composed of connectors where-
through feed voltage and control data are supplied to the
electronic module of the RET.

[0054] Currently, these controlinterfaces (20) are most
commonly composed of two 8-way circular connectors
pursuant to standard IEC 60130-9, in accordance with
standardisation group AISG in its versions 1.1 and 2.0,
and as drawn in figure 6a. However, this invention is not
limited to this type of connectors and to the pinout defined
in these recommendations, but rather is open to any type
of connector and physical level.

[0055] Incase offollowing AISGand 3GPP recommen-
dations, wherein each interface has a male input con-
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nector and a female output connector for the cascaded
connection of various ALDs (Antenna Line Devices), in
the practical embodiment of this invention the control in-
terface block is in charge of taking the signals from one
connector to another to implement the bus in cascaded
connection, rendering the other modules independent
from this functionality. However, this simple functionality
can also be performed by means of other simple means
and is not limited to being implemented in the control
interface plate.

[0056] The control block (110) is composed of a control
electronics module (25), a control module for controlling
feeds (26) and motor driver circuits (27;). The control
block is basically in charge of:

i) communicating with each of the control entities in
a completely independent manner from the rest, in-
terpreting the commands received to order the
movements of the motors that move the tilt adjust-
ment mechanism, and fulfilling the necessary tim-
ings for proper communication;

ii) managing the feed voltages of the motor drivers
(DM;) in such a manner that a motor is only fed by
the control entity that governs it and not by any other;
iii) ordering the start of rotation, direction of rotation
and braking/stopping of the motors, ensuring the cor-
rect position thereof for the tilt to be configured.

[0057] The architecture of the control block (110) offers
total flexibility to assign any motor (28) to any input inter-
face (20), an ideal condition for shared antennas (site
sharing), where there is no restriction on assigning to
each operator the band it wishes to occupy.

[0058] Figure 8 shows a practical example of the use
of the internal RET object of this invention. In the exam-
ple, the antenna is composed of six different radiation
systems (30;), wherein each radiation system is com-
posed of a phase shifter whose movement is caused by
a motor connected to its corresponding connector (28;).
In the example, this antenna is controlled by three inde-
pendent control entities (20j). Control entity 204 controls
bands 30, 305 and 30, control entity 20, controls bands
30,4 and 305, and control entity 205 controls band 30,.
[0059] Likewise, as mentioned earlier, it shows three
control entities (20) whereamong six radiation systems
(30) are distributed, all of which housed in a single ra-
dome. This assignment is performed by programming
software (writing assignment of bands to the EEPROM
memory) and can be reprogrammed at any time.
[0060] The control electronics module (25) is capable
of simultaneously managing the data flows received from
each control entity (21,) in a completely independent
manner. Similarly, if communication with one of the con-
trol entities fails for any reason, the others would not be
affected and would continue functioning normally. The
control electronics module (25) interprets the commands
it receives through each control interface (20;) and acti-
vates the control signals (23,), activating the motor drivers
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(27;.). Currently, the specifications of AISG 1.1/AISG 2.0
and recommendations of the 3GPP that define both the
physical, link and application levels are widely extended,
ensuring interaction between the control entities and the
RET devices of any manufacturer. The aforementioned
standards have been implemented in the real materiali-
sation of this invention, achieving excellent results.
[0061] The feed control module (26) receives the volt-
ages stemming from each control interface and, after
passing through the lightning and surge protections, and
after conveniently transforming them into the necessary
values for the motors installed, attacks the motor drivers
(27;) with the voltages and currents (24,). The feed control
module (26) also supplies the feed voltage to the control
electronics module (25).

[0062] Each motordriver (27,) has the possibility of act-
ing upon each motor (28j). Itis the software configuration
that assigns the driver (27) that will be controlling each
motor (28) at a given time, such that there cannot be
collisions between signals (29;) and only one driver (27)
will control a certain motor (28).

[0063] The motor block (120) is composed of the same
number of connectors (19b) as antenna bands. A cable
extends from each motor block connector (19b) that is
connected to one of the removable motors through the
connector enabled for such purpose (19a), wherethrough
the necessary voltage and current for the rotation of the
motor are provided. The motor sensor signal indicating
the state thereof and its relative position with respect to
the end-of-travel micro-switch (10) is also present in this
connector.

[0064] In summary, encompassing all that proposed
above and due to its design, this invention provides the
following advantages:

* System fully integrated in the interior of the antenna,
whereupon it is protected against external agents
and allows a more compact and robust global anten-
na design.

¢  Modular and flexible system, adaptable and auto-
matically extendable to any antenna regardless of
the number of radiation systems it includes.

*  Motors individually accessible and removable from
the lower part of the antenna, without need to unin-
stall the antenna from its site. This characteristic is
the most important advantage from the mechanical
viewpoint, since it allows the replacement of any in-
dividual motor which has failed without affecting the
operation and assembly of the others in any way.
This reduces the cost of a possible maintenance and
spare parts management operation, allowing the
company and the user to solve any problems that
could arise from a specific motor on site, without
need to replace those that function properly. This will
also allow the customer to acquire an antenna with
the flexibility of selecting the motors initially installed
in-factory and subsequently, without disassembling
or affecting the other systems, install the necessary
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motor sets acquired in subsequent phases.
Possibility of manually modifying the system to vary
the tilt of each band individually, with or without its
motor geared (also with or without connecting the
electronics). This advantage ensures that the tilt of
each band can always be manually modified individ-
ually, regardless of the existence or non-existence
of communication with a control centre.
Onreplacing a motor-reducer, the mechanical steer-
ing between the system and the phase shifters is not
disconnected, which makes it possible to maintain
the tilt and its respective indicator in its original po-
sition. This characteristic facilitates the replacement
or inclusion of motors at any time, without affecting
the position in which the tilt of each bank was dis-
posed.

The motor-reducers are connected by means of con-
nectors (without welds), allowing the connection or
disconnection thereof at any time without need for
complex tools.

Modular system which can be assembled individu-
ally or in groups of several units, depending on each
antenna model. This characteristic implies that each
mechanical bedplate system plus individualised mo-
tor set unit is assembled for each band, adapting
exclusively to the number of bands of the antenna
and without need to assemble any additional multiple
housing.

On being modular and easy to assemble, it allows
the antenna to be purchased with only some motors
installed initially and subsequently incorporate the
rest, and with or without the electronics installed.
This characteristic allows the creation of a custom-
ised range of antennas wherein some come with all
the motors initially installed and others with only
some, at the customer’s request, with the possibility
of modifying the tilt of each band separately in all
cases.

Includes an end-of-travel switch that informs the mo-
tor of the end of its travel. This characteristic ensures
that the motors will never block the phase shifting
system due to physical limitation and can be calibrat-
ed in order to know their position at any time.
Lightweight and inexpensive system (plastic hous-
ings and gears). The design of the assembly allows
the use of plastic materials, thereby making it pos-
sible to reduce both the weight and cost of the struc-
ture of the system.

Electronic system accessible and removable from
the lower part of the antenna, which allows replace-
ment thereof in the event of electronic malfunction
without need to uninstall the antenna from its site
without causing network service outage.

These modular and accessible electronics makes it
possible to purchase the antenna without remote tilt
control functionality and update it in subsequent
phases of network deployment or optimisation.

The electronics have an interface module with flex-
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ible control, such that the same number of control
interface connectors as independent control entities
that share the radiation systems of the antenna can
be installed. This allows the antenna to be shared
by various operators without need to integrate any
additional external device.

The electronics manage the feed of the motors
equally, such that each motor is only fed by the con-
trol entity that governs it, without adversely affecting
or consuming current of the other control entities
(35).

Completely flexible electronics, such that the
bands/motors governed by each control entity can
be assigned by means of software, thereby ensuring
the non-existence of collisions.

The assignment of bands by control entities can be
performed at any point during the life of the antenna,
without need to uninstall it from the site (40).
Modular electronics, capable of independently man-
aging all communication flows of the control entities,
tested in accordance with the specifications of AISG
2.0 and 3GPP of various manufacturers of mobile
telephony base stations. In the event that a commu-
nications flow is interrupted for any reason, it does
not interfere with the other interfaces.

Claims

A system for remotely controlling the radiation
beams of multi-beam antennas, characterised in
that the modular and scalable system internal to the
antenna comprises:

v mechanical means based on, at least, one
movement transmission module (B) for trans-
mitting the rotary movement of a motor-reducer
(14) to a linear movement required by phase
shifters included in the antenna and whose ro-
tary movement transmission module (B) is
formed by:

0 a modular bedplate set (I), anchored to
the antenna frame, and;

oamotor set (1), removable and accessible
from the lower part of the antenna, wherein,
inthe absence of rotation of a motor-reducer
shaft (14), the beam can be manually ad-
justed by actuating a threaded spindle (3),
wherein the tilt indicator plate (11) indicates
the reading of the actual antennattilt position
at all times; and

v electronic control means (A) that govern the
rotary movement transmission modules, capa-
ble of connecting to various independent control
entities for independently controlling each beam
through the rotary movement transmission mod-
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ules (B), where the assignment of bands by con-
trol interface is flexible and configurable, which
comprises:

o at least one housing set (lll); and
o one removable (IV) cartridge connected to
the housing set (lll),

such that the movement transmission modules
(B) that transmit the rotary movement of the mo-
tor-reducer (14) and the electronic control
means (A) are connected by means of respec-
tive cables connected to connectors (19a) and
(19b).

2. The system forremotely controlling the radiation

beams of multi-beam antennas, according to claim
1, characterised in that the modular bedplate set
(I) is composed of a bedplate of the motor (2), a
threaded spindle (3), a cart-nut (4), a fixation plate
(5) for fixing the threaded spindle (3), a first fixing
screw (6) for fixing the plate (5), a first pinion (7) of
the threaded spindle (3), a lock washer (8), end-of-
travel quick rivets (9), an end-of-travel micro-switch
(10), a tilt indicator plate (11), a push rod (12) of the
phase shifter and second fixation screws (13) for fix-
ing the rod/tilt indicator plate.

The system for remotely controlling the radiation
beams of multi-beam antennas, according to claim
1, characterised in that the motor set (ll) is com-
posed of a motor-reducer (14), an intermediate pin-
ion (15), a second pinion (16) of the motor-reducer
(14) shaft, acover (17) of the motor-reducer and third
screws (18) for joining the motor-reducer (14) to its
cover (17).

The system for remotely controlling the radiation
beams of multi-beam antennas, according to claim
3, characterised in that the third screws (18) for
joining the motor-reducer (14) to its cover (17) make
it possible to seal the motor set (Il) in its entirety in
order to convert it into a replaceable block.

The system for remotely controlling the radiation
beams of multi-beam antennas, according to claim
3, characterised in that, based on the distance es-
tablished between the motor-reducer (14) shaft and
the threaded spindle (3) by means of an intermediate
pinion (15), the motor-reducer (14) may be removed
or installed without releasing any pinion and without
affecting the part connected to the phase shifters
(12).

The system for remotely controlling the radiation
beams of multi-beam antennas, according to claim
3, characterised in that, upon removing the motor
set, the threaded spindle (3) - nut (4) assembly re-
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mains mounted with the tilt degree indicator plate
(11) and joined to the push rod (12) of the phase
shifter (12), allowing manual actuation of the project-
ing part of the spindle shaft and maintaining its func-
tionality even with the motor uninstalled.

The system forremotely controlling the radiation
beams of multi-beam antennas, according to claim
6, characterised in thatitincludes one or more end-
of-travel micro-switches (10) which allow the calibra-
tion of the motor-reducer (14), identifying its relative
position with respect to the end-of-travel stop without
forcing the threaded spindle (3) - nut (4) assembly
at the ends-of-travel thereof.

The system forremotely controlling the radiation
beams of multi-beam antennas, according to claim
1, characterised in that each removable cartridge
(IV) is formed by a control interface module (100)
and a control block (110), whose modules may or
may not be printed on the same printed circuit board.

The system forremotely controlling the radiation
beams of multi-beam antennas, according to claim
8, characterised in that the control interface module
(100) contains one or more control interfaces (20).

The system forremotely controlling the radiation
beams of multi-beam antennas, according to claim
8, characterised in that the control block (110) has
a control electronics module (25) and a control mod-
ule for controlling the feeds (26) and motor driver
circuits (27;).

The system forremotely controlling the radiation
beams of multi-beam antennas, according to claim
10, characterised in that the motor driver circuits
(27,) are electrically connected to the motors through
a connector that joins the housing set (lll) to the re-
movable cartridge (1V) and, in turn, through the motor
connectors (19b).

The system forremotely controlling the radiation
beams of multi-beam antennas, according to claim
8, characterised in that the control block (110) as-
signs any motor (28) to any input interface (20), an
ideal condition for shared antennas where there is
no restriction on assigning to each operator the band
it wishes to control.

The system forremotely controlling the radiation
beams of multi-beam antennas, according to claim
10, characterised in that the control electronics
module (25) is capable of simultaneously managing
the data flows that it receives from each control entity
(21;) in a completely independent manner.

The system forremotely controlling the radiation
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15.

16.

beams of multi-beam antennas, according to claim
10, characterised in that each motor driver (27))
actuates each motor (28)).

The system forremotely controlling the radiation
beams of multi-beam antennas, according to claim
1, characterised in that a motor block (120) con-
taining only the connectors (19b) necessary for con-
necting the different "motor sets" (Il) necessary for
each antenna model is implemented on the printed
circuit board, present in the "housing set" (lIl).

The system forremotely controlling the radiation
beams of multi-beam antennas, according to claim
1, characterised in that a cable extending from
each connector (19b) of the motor block is connected
to one of the removable motors (ll) through the con-
nector enabled for such purpose (19a), whereby it
receives the necessary voltage and current for the
rotation of the motor.
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