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ABSTRACT

The Mark 182 Antenna is a lobing array for use with Radar
Equipments Mark 32 Mod 1 installed in the Mark 37 Director with
Fire Control Radar Mark 25 Mod. 2. While the array itself is
essentially the seme as one described in an earlier report (R-2791),
it has been modified for mounting on the director face. Satis-
factory coverage in the vertical plane has been obtained by elevating
the antenna 25 degrees with respect to the deck, The horizontal
beam width now rangss between 36 and 40 degrees, the main cross-
over lies between 2.3 and 3.5 db, and all spurious crossovers are
at least 16 db dowm from maximum response over the 157-175 Mc band,
The train error is less than 2 degrees at elevation angles up to
80 degrees, and less than 3 degrees at the 20 degree extremes of

crecss-level, The standing wave ratio does not exceed 3.5 db with
the beam deflected in either position,



ABSTRACT . .

INTRODUCTIO

Statement of Problem o o « « «
Mount with Elevation Control . .

TABIE OF CONTENTS

« = = . LR

N

. L]

Mount with Fixed Elevation , . . . .

Tlectric

DEVFIO PMENT

Horizontal Radiation Patterns . « ¢ o o oo « &
High Angle Azimuth FPatterns . « « « oc ¢ ¢ o o o o ¢ o o oo
Cross Level Tests . .
Impedance Matching . .
Drawings of the Antenna . . . .

COMCLUSIONS
REFERENCFS
Plate 1,

Plate 2.

Plate

3.

Plate 4.

Flate

Plate

Plate

Plate

FPlate 9,

FPlate 10.

al Svnecifications . . . . .

OF THF. ANITNNA

4« m e ¥ ® 2 =

4 ©® 8 & @& © 8 &= B & & 8 =w @B

] * L] - L] - L] - Ll L]

s ® e ® = @ s . -

5 & 8 & 2 2 & = » 3

N

# e & @ @

« & ¢ e @

. 4 & % & 8 s B8 @8 =@

L - -

& a2 ® o @ 2 & ae

wo ERPWN

= . « » 8 @ a8 = .

Oblique View of Mark 18 Antenna

Oblique View of Mark 37 Director with Mark 18 Antenna

Installed.

Oblique View of Mock-up of Director Face with Elevating

Antenna Mount.

Horizontal Radiation Pattern
Pickup Elevated O Degrees.

Horizontal Radiation Pattern
Pickup Elevated O Degrees.

Horizontal Radiation Pattern
Pickup Elevated O Degrees,

Horizontal Radiation Pattern
Pickup Elevated O Degrees.

Horizontal Radiation Fattern
Pickup Elevated O Degrees.

Horigzontal Radiation Pattern
Pickuo Flevated 20 Degrees,

Horizontal Radiation Pattern
Pickup Elevated 40 Degrees.

of Mark 18 Antenna at 157 Uc,

of Mark 18 Antenna at 160 lc,

of Wark 18 Antenna at 166 Mc,

of Mark 18 Antenna at 172 Mc,

of Mark 18 Antenna at 175 Mg,

of Mark 18 Antenna at 172 Mc,

of Mark 18 Antenna at 160 Mc,

o

DECLASSIFIED



TARIE OF COMNTENTS (Continued)

Pae

Plate 11. Horizontal Radiation Pattern of berk 18 Antenna at 172 HMc,
Pickup Flevated 40 Degrees.

Plate 12, Horizontal Radiation Pattern of Mark 18 Antemma at 160 Mc,
Pickup Flevated 60 Degrees.

Plate 13. Horizontal Radiation Pattern of lNark 18 Antenna at 172 lec,
Pickup Flevated 60 Degrees,

Plate 14. Horizontal Radiation Pattern of Mark 18 Antenma at 160 M,
Pickup Elevgted 80 Degrees.

Plate 15, FHorizontal Radiation Pattern of Mark 18 Antenna at 172 MNc,
Pickup Elevated 80 Degrees.

Plate 16, Free Space Vertical Pattern of Mark 18 Antenna at 157 Mec.
Plate 17. Free Space Vertical Pattern of Mark 18 Antenna at 160 Mc.
Plate 18. Free Space Vertical Pattern of Merk 18 Antenna at 172 Mec.
Plate 19, Free Space Vertical Pattern of Mark 18 Antemnna at 175 Me.

Plate 20. Horizontal Pattern of Mark 18 Antenna at 160 Mc, Cross-
levelled 20 Degrees,

Plate '21. Horizontal Pattern of Mark 18 Antenna at 172 Mc, Cross-
levelled 20 Degrees.

Plate 22. Diagram of Feed Harness for Mark 18 Antenna.
Plate 23, Input Standing Wave Ratio of Mark 18 Antenna.

Plate 24, Assembly Drawing of Merk 18 Antenna (MRL Dwg., RA 66 F 342B,
Sheet 1 4),

DECLASSIFIED



INTRODUCT ION

Statement of the Problem

1, Problem 0-174,IR-R (References 1 and 2} requested the develop-
ment of a lobing Mark IIT IFF array for use with the Fire Control
Radar Mark 25 Mod. 2 on Gun Director Mark 37, and it was suggested
that an array which had been designed earlier for mounting on the

Viark 28 Rader antenna (References 3, 4, and 5) might be adapted to
this purpose. In the present case, however, it was desirable to
nrovide a sepsrate mount for the IFF on the director face rether than
attach it to the microwave reflector., Ideally, the array would be
linked mechanically with the radar antenna, which can be controlled in
elevation from ~20 to %105 degrees and is stabilized both in elevation
and cross level, Howevery, the esscntial requirement was that the IFF
provide coverage and reasonably accurate bearing information on friendly
targets at any angle of elevation within the range of the radar set,

Mount with Flevation Control

2. The Tashington Vaval Gun Factory designed a mount for the IFF
antenna which would keep it pointing in the same direction as the radar,
and constructed the wooden mock-up shovm in Plate 3. In this arrange=-
ment, 20 degrees of cross level were provided through the rotating
joint at the director face, while the elevation drive ran through one
arm of the yoke. The antenna had to be set a considérable distance
from the director in order to clear it when elesvated 90 degrees. Un~-
fortunately, this increased the turning radius of the director beyond
practical limits,

Mount with Fixed Elevation

o

3. It was suggested at this time that the IFF array could be brought
closer to the director by installing it at a fixed angle of elevation
of 30 degrees or less. At the same time, this would simplify the mount
and reduce its weight, However, two other questions arose:

(a) ¥ould the ship's roll then introduce bearing errors for
high angle targets?

(b) Did the array have sufficient vertical beam width to cover
90 degrees, and if so, what was the optimum anglc of elevation?

The first question was casily disposed of by considering the fact that
cross level stabilization maintained the transverse (elevation) axis
of the antenna horizontsl at all times, and that the equi-signal planc
vas therefore vertical, since it was porpendicular to this axis. Thus
the antenna elevation could have no effect on the bearing of even high
angle targets. Of course the fact that the rotational axis of the
director itself was not stabilized introduced bearing errors, but this
was unavoidable, and, further, had no conncction with the matter of
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oclevation control. To decide the second guestion, vertical plane antenna
ratterns vere taken (Plates 16-19), and the beam widths were found to
be as follows:

Tablec 1

Vertical Pattorns of Mark 18 Antenna

Frequency Beam Width
157 Me 69°
160 Me 699
172 Mc 740
175 NMe 720

Inspection of the patterns revealed that satisfactory overhead covegrage
could be obtained by elevating the antenna 25 degrees, for the field
strength (and range) along the horizon would be reduced only 15%, while
the overhead signal would be 25% of maximum. Further, the interference
nulls would be smoothed out very considerably by the reduction in
intensity of the ray reflected from the water. As 25 degrees seemed to
be the optimum elevation angle, the Naval Gun Factory designed a second
mount, shoym in their sketch number 510592, for holding tne antcnna at
this angle, -

Flectrical Specifications

L, In accordance with Reference 6, the IFF antonna was to cover the
band 160 to 172 Mc and maintain the following r-f characteristics:

(a) Horizontal beam width less than 50 degrees.

(b) Vertical beam width 75 degrees or greater.

(¢) Main crossover between 1 and 3 db below maximum signal.
(d) Spurious crossovers at least 16 db below mein crossover.

(e) 1Input standing wave ratio less than L db for either mosition
of the lober,

DEVEIOPMENT OF THE ANTENNA

Horizonta’ll Radiation Patterns

5, The laboratory model of the Mark III IFF array for Mark 28 (Plate 1)
vas installed on a Mark 37 Director at the Chesapeake Bay Anncx as showm
in Plate 2, In realigning the antenna for its new mount, it was necessary
to oxtend each radiator by 1/4 inch, Then the feed system was recadjusted
to the dimensions shovm in Plato 22 to obtain the best possible horizontal
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patierns over the band, vhich are represented in Plates 4=8., The
pottern charecteristics were as follows:

Table 2

Frequency Beam Width Vain Spurious Train

- A T Crossover Crossover Error

157 Mc 394 380 4% i 1°
160 Me 39° 3@ 76 i 1-1/20

166 e 39¢ 40P 66% _ =

172 Me LOP™  L0° L% e i

175 Mc 369 39° 7 % 15% i

The only s-rious defect was the spurious crossover at 175 Me, and it was
found later that this resulted from a lack of symmetry in the feed lines.
Although the back radietion is not showm, it was always loss than 10%
betreen 120 and 240 degrees, and led to no falsc crossovers of any
consequence, The main crossover was purposely sct at a-low level to
compensate for the increase in this level for high angle patterns.

High Angle Azimuth Patterns

6, High angle patterns of the Mark 18 Antenna were taken by suspending
o corner reflector recoiving sntomna (with the dipole vertical) from

the boom of 2 mobile crane and adjusting its height to obtain elevation
angles of 20, 40, 60, and 80 degrees. As may bec secen from Plates 9-15
and Table 3, the patterns were all quite usable. Although the beam
width inereased somovhat with elevation, the main erossover remained at
a rrasonable level and was fairly sharps no serious false crossover was
observed,

Table 3
Bigh Angle Azimuth Poatterns of Mark 18 Antenna
Frequency Elevation Beam #idth Main Spuricus Train
Angle R iy Cressover Ciossover Error
172 Me 200 450 420 67% 10% - -
160 Me 409 399 46° 71% - 10
172 Me 40° 47° 47° 70% = Teilye?
1460 Me 600 580 520 85% = e 1 20
172 Me 60° 559 599 4% - - 14
160 Me 80° 47° 549 788 114
172 Me 8o° 520 610 83?; 13% T
s
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Cross level Tests

7. As the face of the Mark 37 Director is somewhat unsymmetrical, there
was a possibility that when the antenna reached cross level angles of

15 or 20 degrees, the beam would be distorted sufficiently to introduce
a bearing error. This point was checked as follows: The Naval Gun
Factory mock-up of the director (Plate 3) was sprayed with copper to
form & reflecting surface. Then it was mounted on an SC pedestal on
the roof of Building 30, and inclined at an angle of 20 degrees., The
array was installed with its transverse axis level with the roof. This
arrancement simulated a condition where the director is trained forward
and the ship is at the end of a 20 degree roll, The horizontal patterns
taken under these conditions (Plates 20 and 21) were quite normal, and
shomed a meximum train error of 2-1/2 degrees:

Table 4
Patterns at 20 Degrees Cross level

Frequency Beam Width Mein Train
R L Crossover Error
160 Me 45°  50° 7%, -
172 Mc 79 15° 0% 2-1/2°

In practice this error could be eliminated by watching the pips for a
complete period of the ship's roll,

Impedance Matching

8. As the standing wave ratio at the input to the antenna was greater
than 4 db at some frequencies, a section of RG-11/U, 3,42 inches long,
was spliced into the main RG-8/U feed cable, The exact location of this
transformer may be determined from Plate 22, The resulting match

(Plate 23) was better than 3.5 db over the entire band,

Drawings of the Antenna

G. The final dimensions of the antenna and its feed system (See
References 7 and 8) are given in Naval Research Iaboratory Drawing

RA 66F 3/42B, the assembly of which has been reproduced in Plate 24.
The overall weight of the installation has been estimated at 185 1lbs,
distributed as follows: array, 25 lbs: lober, 21-1/2 lbs: feed harness,
3-1/2 1bs: mount, 135 1lbs.

CONCLUSIONS

10, The IFF antenna described in this report gives satisfactory electrical
performance from 157 to 175 Mc when installed on a Mark 37 Director in

a Neval Gun Factory mount. By using a fixed elevation angle of 25 degreecs
it has been possible to simplify the mount and still vrovide acceptabie g
high angle coverage )

o .
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DIAGRAM OF FEED HARNESS FOR MARK 18 ANTENNA
FOR MARK 25 RADAR

LEFT DIPOLE CENTER DIPOLE RIGHT DIPOLE

5051 {;;I 13711

17 ]

(3]

—< UG-22/U ERT AT
— UG-21/U O 2l
—< UG-23/U |

RG-11/U(75 OHM)
—— RG*=8/U(52 OHM)
--=— MOLDED SPLIGE
~"9"_MOLDED TEE
£=— MOLDED PIN

DFECT ASSIFIFD
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