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METHODS AND APPARATUS FOR FRAGMENTED PHASED ARRAY RADAR

BACKGROUND

As is known in the art, the best performance of a phased array radar s achisved when the
beam is polnting 1o the boresight, e, prrpendionlar to the aperfure of the array. At the
boresight location, the beam width is minioum and the antenes gadn is the highest. One of
the advaniages of using 8 phased arvay radar is the ability to steer the beare withowt
mechanical movement, However, when the beam s steered off the boresight, the beam

shape is distorted with the beam widih ingreased and antenng gain reducad. This reduction

i set forth below:
Loeom = Lilog (oos{8Y - cos{@l™) Ba.l,
where & ix angle In the azimuth divection, ¢ is the angle in the slevation direction, and x is

an swpivical value, usoally between 1.2 and 1.4

To reduce the scan loss, one comamnon practive is to have multiple faces of the phased areay
o cover the required sean angles. For example, for 360° coverage, 8 4-faced radar has 1.8
to 2.1 4B less scan loss than a 3-face radar at widest scan sugle. Some systoms include a
ovhindrical phased array or phased arvay on the curved surface of the platform such ag
airerafl fuselage, which ix called conformal aresy. For better elevation angle coverage,
some phased arrays have a tilt angle, e.g, twenty degrees, to minimize the vertical scan

angle for loes scan doss.

SUMMARY

Exemplary emnbodiments of the invention provide methods and apparatus for & phased
array radar having muliiple flat subarray pancls dispored on & cwrved surface, such as
comleal or dome-shaped, to form g fragmented arvay. The pavel suharray provides the
flexibilivy of building a larger arvay using a modular approach with lower cost. A
fragmented avay having 2 dome-shaped surface, for example, reduces scan loss in
azimarth and elevation, The 3807 coverage can be divided inlo many more smaller regions
such that most of the panel subareays do not have to scan wide angles. The fragroented
array also provides a relatively lower grating lobe level due to the fact that panel subarrays

are pointing to various divsctions. The gaps between the pancls represent foss of the
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aperhure ares, which is not desirable. Howsver, i minimizes the need of ameplivade taper

for the receive ammay 1o achieve low sideiobes.

In one aspect of the fvvention, a phased arvay radar system comprises: a fivst subaray

disposed on a surface, wherein the surface is curved, and a second subsrray disposed on
the swrface separately from the first subarray to form a fragmented array, whersin a gap
between edges of the Hrst and second subarraye inoreases as the curvaturs of the sweface

mereases anddor the thickness of the panel subarray increases..

The system can further includes one or more of the following features: additional
subarrays 8o that the frst; second, and additional subarrays sre substantially equally
spaced about the curved sweface, the surface s Husto-condeal, the surfice {8 dome-shaped,
the first subamray comyprises a integrated assembly including radiators, T/R modulss,
powey manifolds and control clrowitry, the first and second subarrays are substantially the
same size, the first and second subarrays are substantially flat, andfor the fivst subsrray has

a rectangular lattice.

In another aspect of the mvention for the frasto-conieal swrface, o phased array radar
sysiem coanprises: 2 plurality of segments of subarrays disposed on a inmeated conical
surface to form s fragmented mvay; wherem several subrravs slong the vertical divection
form a segment with subarrays faeing the same divection and having no gap between
subarrays in cach segment. With the frusto-conical surface, there are gaps between
segments ondy, instead of gaps between all subarrays. Note that if the arrays are not tilted,
such as when the surface is & cylinder, the amay will look like a cvlindrieal arvay and the

gaps will be caused only due to the thickoess of the panel subarray.

The systent can further include one or more of the following featires: the swrfice is frusto-
comcal, the surface is dome-shaped, & third one of the plurality of segments of sebarravs
to form 2 beam opposile in direction 1o 8 beam formed by the first one of the plurality of
segments of subarrays, further ones of the plunality of segments of subarrays to provide
360 degree beam coverags, the subarrays ave substantially flat, and/or the subarrays are

sibstantially stmdlar in shape.
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FIG, 10 chows an exemplary antenna pattern n UV coordinates for 2 fragmented array en

a dome surface,
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1. A phased avray vadar sysiem, comprising:
& first subarray disposed on a surfice, wherein the sweface is curved; and
a second suharray disposed on the swface separately from the first subareay to
form 8 fragmented amay,
5 wherein the size of gap between edges of the first and second subarrays depends on

a surface and thickness of the first and second subarrays.

2. The system according to claim 1, further including additional subarrays so that the
first, second, and additional subarrayy ave substantially equally spaced about the curved

1 surface,

P A o o o &, 1
- wrirereany The givrbaos s Femet O I
N TWISTOIN 1D SUNACE I8 ITUSIO-Camical

4. The system sccording to claim 1, wherein the surfbes is dome-shaped.

i5
3. The system according to claim 1, further including a frst sogment of subarrays

mcluding the first subaray and a second segment of subarvays including the second

subarray.

2 & The system according o claim 1, wherein the first subarray comprises 8 infegrated

assembly including radiators, T/R modules, power manifolds and contrel clroutiry.

7. The system according to clatm 1, wherein the first and second subarrays gre

substantially the same size,

i

[

553
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i1



PCT/US2013/061822

WO 2014/099079

mne-shaped.

face is do

e the s

Ea

wh

T 10,

ording to claby

& system ace

12,

o

ty of

i

al

& plur

d one of the nd

ir
ab

aih

ing

fud

ne

10, fugther §

aun

i

ordmg o ¢

$

The system ac

=

13,

13

d by the firet

TR

@ar

o0 o

P

e

i

W4

segments of subarrays to form 2 beam opposite

of subarravs.

agmenis

v ofs

re of the pluali

"
2

&

£y of

1¢ plurali

3
L.

f’

further ones of

ng

fad

14, further me

claim

e according to

e syst

.

¥

14,

¢ beam coverage.

LE

segments of subarrays to provide 360 degr

i5

o

cry

1
oz

3

e



PCT/US2013/061822

WO 2014/099079

1/12

I 'OId

NLL 61

61

oDiIojojlojojo|oc|o

OlojogjoljloiloljlAa | o
o|lojlo|jlojo|jlo|lolaoa
oOjlolojojojlolo]o

D|lojolojolaoajo|]o

o|jlojojojojo]jo]|o

X4

—

BLI L

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/061822

WO 2014/099079

2/12

VI ‘OId

NOC
lauiqwo) o8y

qoe
Jauiqwo) o8y

e0¢
lauiqwon 08y

89
$9)i4 Xoel1)
A N9S
299 \
99 N8y
layoel] 19bie] JETNE Y| ﬂ
T BGQ R NSE
— qQ9s .
S9 o
lojosleq 1ebie —
asy
T €v9 18N1808Y \
¥9 < — age
> egy
Jsuuojwesg sAndepy | \ SN0
29 howwwooh_m |eubig o9 = mhm
_ 4 ™ lapiwsuel |
v 12°]

8l
lauiquio) ‘suesj

Ll 6L Ll
\ \ [
\ 1 1/
= :
N8¢
q8c ~
mwNH
/
9c TR

o

SUBSTITUTE SHEET (RULE 26)



WO 2014/099079 PCT/US2013/061822

3/12

104

/m
\
\

8
8
108d

o)

102a \\
106a N

SUBSTITUTE SHEET (RULE 26)



WO 2014/099079 PCT/US2013/061822

4/12
‘/,.100
106a 102b
102a 102¢
1020 102d
102n 102e
102m 102f
102 102g
104// : 106b
102k 102h
102j 102i
102

SUBSTITUTE SHEET (RULE 26)



WO 2014/099079 PCT/US2013/061822

5/12

100

Beam on
opposition side
at different

frequy

Scan direction

Elevation scan

102

AzimuW

FIG. 4

SUBSTITUTE SHEET (RULE 26)



WO 2014/099079 PCT/US2013/061822

6/12

Antenna pattern at 9.6. [n UV
cordinates Antenna Pattern; Uniform dist; Faces:

1 1516 1 2 3 4 ; Scan at Theta=20, Phi=.90

-, T

0.8

0.6

04

SUBSTITUTE SHEET (RULE 26)



WO 2014/099079 PCT/US2013/061822

7/12

0 ) Antenna Pattern at 9.6. Theta cut; Phi= 270

A0 PMAX=2.08 dB

T . T R SR TIIE

Power in dB

Theta

FIG. 6

SUBSTITUTE SHEET (RULE 26)



WO 2014/099079 PCT/US2013/061822

8/12

Antenna pattern at 9.6. In UV
cordinates Antenna Pattern; Uniform dist; Faces:
1516 12 34 ; Scan at Theta=20, Phi=90

)

PASE T A

SUBSTITUTE SHEET (RULE 26)



WO 2014/099079 PCT/US2013/061822

9/12

202

204 204 202

FIG. 8

SUBSTITUTE SHEET (RULE 26)



00000000000000000000000000000

10/12

FIG. 9



WO 2014/099079 PCT/US2013/061822

11/12

FIG. 10

SUBSTITUTE SHEET (RULE 26)



WO 2014/099079

PCT/US2013/061822

12/12
v 800
PROCESSOR VOLATILE MEMORY OUTPUT DEVICE
802 804 807
NON-VOLATILE MEMORY GUI
806 808
COMPUTER INSTRUCTIONS
812
OPERATING SYSTEM — 820
816
DATA
818

FIG. 11

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/061822

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO1Q3/34
ADD. HO01Q3/24 HO1Q21/20

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO1Q

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 6 292 134 B1 (BONDYOPADHYAY PROBIR K
[US]) 18 September 2001 (2001-09-18)
abstract; figures 1-5

column 3, line 65 - column 4, line 44
column 6, line 24 - column 10, Tine 51
X US 5 650 788 A (JHA ASU RAM [US])

22 July 1997 (1997-07-22)

abstract; figures 2-25

column 4, line 5 - column 6, line 44

X EP 1 271 694 A2 (ROKE MANOR RESEARCH [GB])
2 January 2003 (2003-01-02)

abstract; figures 1-12
paragraphs [0017] - [0045]

_/__

1-18

1-8,
10-1

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

cited to establish the publication date of another citation or other
special reason (as specified)

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
30 May 2014 06/06/2014
Name and mailing address of the ISA/ Authorized officer

Fax: (+31-70) 340-3016 Hiischelrath, Jens

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/061822
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X EP 0 512 487 Al (ALCATEL ESPACE [FR]) 1-3,6-8,
11 November 1992 (1992-11-11) 10,11,
13-18
abstract; figures 1-5
page 1, line 1 - page 5, line 57
A US 2003/206132 Al (PHELAN H RICHARD [US] 1-18

ET AL) 6 November 2003 (2003-11-06)
abstract; figures 1-2
paragraphs [0011] - [0034]

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2013/061822
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 6292134 Bl 18-09-2001  NONE

US 5650788 A 22-07-1997 AT 172060 T 15-10-1998
AU 3123793 A 07-06-1993
CA 2121675 Al 13-05-1993
DE 69227254 D1 12-11-1998
DE 69227254 T2 25-03-1999
EP 0611490 Al 24-08-1994
us 5650788 A 22-07-1997
us 5905466 A 18-05-1999
WO 9309577 Al 13-05-1993

EP 1271694 A2 02-01-2003  EP 1271694 A2 02-01-2003
US 2003020666 Al 30-01-2003

EP 0512487 Al 11-11-1992 CA 2067932 Al 07-11-1992
DE 69212378 D1 29-08-1996
DE 69212378 T2 28-11-1996
EP 0512487 Al 11-11-1992
FR 2676310 Al 13-11-1992
JP H05129822 A 25-05-1993

US 2003206132 Al 06-11-2003  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report

