87118681 A1 I} 10 0O 00O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
2 October 2008 (02.10.2008)

PO | A B

(10) International Publication Number

WO 2008/118681 Al

(51) International Patent Classification:
GO1S 13/93 (2006.01) HO1Q 1/42 (2006.01)
HO01Q 1/02 (2006.01) HO01Q 1/32 (2006.01)

(21) International Application Number:
PCT/US2008/057308

(22) International Filing Date: 18 March 2008 (18.03.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

MI 2007 A 000611 27 March 2007 (27.03.2007) IT

(71) Applicant (for all designated States except US): GEN-
ERAL ELECTRIC COMPANY [US/US]; 1 River Road,
Schenectady, NY 12345 (US).

(72) Inventor; and
(75) Inventor/Applicant (for US only): GIORGI, Fabrizio
[TT/IT]; Via P. Fanfani 21, I-50127 Florence (IT).

(74) Agents: TOOP, Barbara, A. et al.; Patent Counsel Gen-
eral Electric Company, Global Patent Operation, 187 Dan-
bury Road, Suite 204, Wilton, CT 06897 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, 7M, 7ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(54) Title: COMMUNICATION SYSTEM WITH HEATING ARRANGEMENT IN A RADOME ON A RAILWAY LOCOMO-

TIVE

10
18
4 18 19 % 27
g N M B2 2
N N \
ZQ ; ] ") ................ J l
30 2
,
28
FICG. 1

(57) Abstract: A communication system (10), as may be used in a locomotive, is pro— vided. The communication system includes
& aheating system, a communication antenna (12) and a communication electronics (14) disposed in a radome (16) made of a material
& permeable to electromagnetic radiation. An air gap (18) is defined by one or more walls of the radome and a thermally insulating
o plate (24) with respect to an inner compartment (26) of the radome. The inner compartment may accommodate an enclosure (28)

where the antenna and the electronics are disposed. The heating system includes a heating device (20) for heating air in the air gap.
A heated air gap makes it possible to defrost one or more outer surfaces of the radome, without affecting antenna and electronics
performance, and without overheating the electronic components in the inner compartment of the radome.
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COMMUNICATION SYSTEM WITH HEATING ARRANGEMENT
IN A RADOME ON A RAILWAY LOCOMOTIVE

FIELD OF THE INVENTION

[001] The present invention is generally directed to communication systems
for railway locomotives, and, more particularly, to a system with a heating arrange-

ment as may be constructed in a radome mounted on a railway locomotive.

BACKGROUND OF THE INVENTION

[002] A railway locomotive may include communication electronics and at
least one antenna packaged in a radome on the locomotive. These components may

be part of a wayside/on-board communication system.

[003] The operating frequency of the system carrier may be in the ISM (Indus-
trial, Scientific, Medical) band, such as in a range from 5.725 GHz to 5.825 GHz. It is
known that this type of system is vulnerable to the formation and build-up of layers of
snow and/or ice on one or more outer surfaces of the radome. For example, a build-up
of ice and/or snow on the radome can deleteriously alter various electro-magnetic

properties of the antenna and affect communications reliability.

[004] In order to improve the communication system reliability, it is desirable
to provide a versatile heating arrangement that may provide the following example

functionality:

[005] — function as a defrost system: melting, when activated, the ice and

snow built-up on the radome;

[006] — function as an anti-icing system: keeping the receiver radome pre-

heated to avoid the accumulation of ice and snow.

[007] It is also desirable that such a heating arrangement should keep undis-

turbed the electromagnetic properties of the antenna and the operational capabilities
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of the system. A relatively low-cost, ease of installation and servicing are also desir-

able.

BRIEF DESCRIPTION OF THE INVENTION

[008] Generally, the present invention fulfils the foregoing needs and offers
other advantages by providing in one aspect thereof a communication system for a lo-
comotive. The communication system comprises a heating system, a communication
antenna and a communication electronics disposed in a radome made of a material
permeable to electromagnetic radiation. An air gap is defined by an upper wall of the
radome, a section of a side wall of the radome and a thermally insulating plate with
respect to an inner compartment of the radome. The inner compartment accommo-
dates an enclosure where the antenna and the electronics are disposed. The heating

system includes a heating device for heating air in the air gap.

[009] The present invention further fulfils the foregoing needs and offers other
advantages by providing in another aspect thereof a heating system for a communica-
tions system mounted on a locomotive. The communications system comprises a
communication antenna and a communication electronics disposed in a radome made
of a material permeable to electromagnetic radiation. An air gap is defined by an up-
per wall of the radome, a section of a side wall of the radome and a thermally insulat-
ing plate with respect to an inner compartment of the radome. The inner compartment
accommodates an enclosure where the antenna and the electronics are disposed. The
heating system includes a heating device for heating air in the air gap. The inner com-

partment may also accommodate a controller configured to control the heating device

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 illustrates a schematic representation of a radome that accom-
modates a communication system and a heating arrangement for preventing accumu-

lation of ice and/snow on the radome.
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[0011] Figure 2 illustrates a mounting arrangement of the radome of figure 1 on

a locomotive.

[0012] Figure 3 is a diagram of an example radiation pattern of a communica-

tion antenna of the communication system.

[0013] Figures 4 and 5 respectively show generally top and bottom isometric

views of a radome embodying aspects of the present invention.

[0014] Figure 6 show a top view of an air gap heated by a heating arrangement

embodying aspects of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0015] FIG. 1 illustrates a schematic representation of a communications sys-
tem 10, (e.g., a microwave receiver system) including a heating system and a commu-
nication antenna 12 (e.g., a receiving patch antenna disposed on a printed circuit) in-
tegrated with communication electronics 14 (e.g., receiver electronics) housed within

a radome 16, such as may be made of a suitable dielectric, e.g., a plastic material.

[0016] The radome is permeable to electromagnetic radiation and in part de-
fines an air gap 18 heated by a heating device 20 arranged to supply heat both to the

surrounding structures and to the air contained in the air gap.

[0017] Air gap 18 is insulated from the outside environment by an upper wall
22 of the radome and a section of side wall 23 of the radome, and is insulated by an
thermally insulating plate 24 (e.g., made from a suitable dielectric such as plastic)
from an inner compartment 26, such as may accommodate an enclosure 28 that con-

tains antenna 12 and electronics 14.

[0018] In one example embodiment, heating device 20 may comprise a metal-
lic-wire resistor, such as may be configured with a rounded shape or any other suit-

able configuration. In an alternative embodiment, heating device 20 may comprise a
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coil with one or more wires extending at respective right angles relative to a polariza-

tion direction of the electric field generated by the antenna.

[0019] Heating device 20 may be electronically controlled by a controller 30
(e.g., a microprocessor), as may be configured to measure the resistance of the heating
device and the temperature of the inner surface of the upper wall of the radome and/or

side wall section of the radome.

[0020] An example heating control strategy may be configured to prevent the
heating device from reaching a temperature that may exceed the temperature ratings
of the surrounding radome material, and may further prevent the temperature of the
upper wall of the radome (and/or side wall section) from dropping below a predefined

temperature threshold (e.g., to provide an anti-icing function).

[0021] In operation, a communication system with a heated air gap makes it
possible to provide a substantially uniform heating with respect to the outer surfaces
of the radome in spatial correspondence with the communication antenna, without af-
fecting various antenna characteristics, such as lobes, gain, and matching characteris-
tics and without overheating the electronic components in the inner compartment of

the radome.

[0022] By way of example but not limited thereto, air gap 18 may be insulated
from the outside by a predefined thickness (e.g., 1 mm) at the upper wall 22 and side
section 23 of the radome, and may be insulated from the inner compartment 26, which
accommodates the controller 30 and enclosure 28 that contains the antenna and cir-
cuitry by plate 24 (e.g., having a thickness of 3 mm) of plastic material. It will be ap-

preciated that enclosure 28 could optionally accommodate controller 30.

[0023] In operation, heating device 20 supplies heat both to the surrounding
structures, which in the case of a plastic structure has a relatively high thermal imped-

ance, and to the air contained in air gap 18.

[0024] It will be appreciated that air heated proximate the heating device tends

to flow in an upwardly direction, and since the radome is tilted with respect to a verti-
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cal axis, this arrangement results in turbulence (e.g., micro-turbulent flow) which is

conducive to heat transfer by convection.

[0025] Figure 2 illustrates a mounting arrangement of radome 16 on a locomo-
tive 32. In this embodiment, the dome is installed on the locomotive at an inclined po-
sition with respect to a vertical axis 34, e.g., about 45° with respect to the vertical

axis.

[0026] As will be appreciated by one skilled in the art, heat flow tends to fol-
low the path having the lowest thermal resistance, and, in this case, this would include
the air in air gap 18. The heat flow would encounter a high thermal resistance at plate
24 towards inner compartment 26 where the enclosure is housed, due to the plastic
plate acting as an insulator. It is contemplated that the heating arrangement may op-
tionally include a forced-convection device (e.g., a fan) for relatively quick and

evenly distribution of the heated air throughout the air gap.

[0027] A heating system embodying aspects of the present invention provides
substantial advantages over prior heating arrangements. For example, prior heating
arrangements tend to introduce obstacles in the field area near the antenna and would
therefore disturb the electromagnetic properties of the antenna. Moreover, although
some systems, such as those based on a forced flow of hot air or water vapour, may
not substantially affect the antenna, such systems tend to be difficult to install and
service on the locomotive and this would considerably increase the time and cost as-

sociated with such systems.

[0028] Figure 3 is a diagram of an example radiation pattern of a receiving an-
tenna of a receiver system. Table 1 lists further example characteristics of the receiv-
ing antenna that remain essentially undisturbed by a heating arrangement embodying
aspects of the present invention. For example, lobe variation is expected not be higher

than £5° of the 3 dB beam for planes E, H of the radiation pattern.
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Table 1
Example Characteristics of Antenna
Vertical polarization Gain 6 dB
3db beam pattern of E plane 100°+£5°
3db beam pattern of H plane 100°+£5°
[0029] Figures 4 and 5 respectively show generally top and bottom isometric

views of a radome embodying aspects of the present invention.

[0030] Figure 6 show a cut out in upper wall 22 of the radome that provides a
top view of insulating plate 24 disposed to bound the bottom side of air gap 18, which

is heated by a heating arrangement embodying aspects of the present invention.

[0031] Example physical features of the receiver, which are provided by way of

illustration but not limited thereto, may be as follows:

- dimensions (mm): 206 (diameter) x 47 (height)
- weight (kg): about 0.6

[0032] While certain embodiments of the present invention have been shown
and described herein, such embodiments are provided by way of example only. Nu-
merous variations, changes and substitutions will occur to those of skill in the art
without departing from the invention herein. Accordingly, it is intended that the in-

vention be limited only by the spirit and scope of the appended claims.
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CLAIMS

1. A communication system for a locomotive, said communication system
comprising a heating system, a communication antenna and a communication elec-
tronics disposed in a radome made of a material permeable to electromagnetic radia-
tion, wherein an air gap is defined by an upper wall of the radome, a section of a side
wall of the radome and a thermally insulating plate with respect to an inner compart-
ment of the radome, the inner compartment accommodating an enclosure where the
antenna and the electronics are disposed, and wherein the heating system includes a
heating device for heating air in the air gap.

2. The communication system according to claim 1, wherein the heating
device comprises a wire resistor.

3. The communication system according to claim 1, wherein the heating
device comprises a coil.

4. The communication system according to claim 3, wherein the coil in-
cludes at least one wire that extends at a right angle relative to a polarization direction
of an electric field generated by the antenna.

5. The communication system according to claim 1, wherein the radome
is mounted on the locomotive inclined at a predefined angle with respect to a vertical
axis so that heated air proximate the heating device forms a turbulence conducive to a
heat flow by convection

6. The communication system according to claim 5, wherein the prede-
fined angle is an angle of about 45 degrees.

7. The communication system according to claim 1, further comprising a
controller coupled to control the heating device by measuring at least one of the fol-
lowing parameters: a resistance of the heating device, a temperature of the heating de-
vice, and a temperature of an inner surface of the upper wall of the radome and/or a

temperature of an inner surface of the side wall section of the radome.
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8. The communication system according to claim 1, further comprising a
controller coupled to control the heating device in accordance with a control strategy
selected to bound an operational temperature of the heating device between an upper
temperature threshold and a lower temperature threshold, the upper temperature
threshold selected to avoid reaching a temperature that exceeds a temperature ratings
of the radome material, and the lower temperature threshold selected to prevent a
temperature of the upper wall of the radome from dropping below said lower thresh-
old.

9. The communication system according to claim 1, further comprising a
forced-convection device for distributing the heated air throughout the air gap.

10. A heating system for a communication system mounted on a locomo-
tive, the communication system comprising a communication antenna and a commu-
nication electronics disposed in a radome made of a material permeable to electro-
magnetic radiation, wherein an air gap is defined by an upper wall of the radome, a
section of a side wall of the radome and a thermally insulating plate with respect to an
inner compartment of the radome, the inner compartment accommodating an enclo-
sure where the antenna and the electronics are disposed, wherein the heating system
includes a heating device for heating air in the air gap, and further wherein the inner
compartment accommodates a controller configured to control the heating device.

11.  The heating system according to claim 10, wherein the heating device
comprises a wire resistor.

12.  The heating system according to claim 10, wherein the heating device
comprises a coil.

13.  The heating system according to claim 12, wherein the coil includes at
least one wire that extends at a right angle relative to a polarization direction of an
electric field generated by the antenna.

14.  The heating system according to claim 10, wherein the radome is
mounted on the locomotive inclined at a predefined angle with respect to a vertical
axis so that heated air proximate the heating device forms a turbulence conducive to a

heat flow by convection
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15.  The heating system according to claim 14, wherein the predefined an-
gle is an angle of about 45 degrees.

16.  The heating system according to claim 10, wherein the controller con-
trols the heating device in response to at least one of the following parameters: a resis-
tance of the heating device, a temperature of the heating device, and a temperature of
an inner surface of the upper wall of the radome and/or a temperature of an inner sur-
face of the side wall section of the radome.

17.  The heating system according to claim 10, wherein the controller con-
trols the heating device in accordance with a control strategy selected to bound an op-
erational temperature of the heating device between an upper temperature threshold
and a lower temperature threshold, the upper temperature threshold selected to avoid
reaching a temperature that exceeds a temperature ratings of the radome material, and
the lower temperature threshold selected to prevent a temperature of the upper wall of
the radome from dropping below said lower threshold.

18. The heating system according to claim 10, further comprising a
forced-convection device for distributing the heated air throughout the air gap.

19.  The heating system according to claim 10, wherein the communication
system comprises a microwave receiver having a carrier frequency in a range from
5.725 GHz to 5.825 GHz.

20.  The communication system according to claim 1, wherein the commu-
nication system comprises a microwave receiver having a carrier frequency in a range

from 5.725 GHz to 5.825 GHz.
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