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This invention relates to scanners suitable for use with
radio detection and ranging systems or the like, and,
particularly, to scanners capable of producing an ellipti-
cal-spiral scanning pattern.

The purpose of a scanner is to direct a beam of energy,
such as electromagnetic energy, into space and to make
the beam trace a particular pattern in space. The re-
peated tracing. of the pattern is referred to.as scanning
and the shape of the pattern characterizes the type of
scanning, such as circular, spiral, or linear.

A scanner for radio detection and ranging system,

. commonly referred to as a radar system, will include a
feed or antenna for directing energy delivered to the feed
by a transmission line toward a reflector. - The reflector,
which is usuvally parabolic’ in' shape, forms the energy
received from the feed into a beam and projects it ‘into
space. The beam is moved in space by moving the re-
flector or the feed or both.  The mechatism which pro-
duces these movements is referred ‘to as a scanner.” A
circular scanning pattern, which is also referred to as a
conjcal paftern, may be produced by locating the feed
away from the diréctive ‘axis of the reflector and rotat-
ing the feed about the directive axis. The circular pat-

tern may also be produced by locating the feed -away -

from the directive axis of the reflector“and rotating the
reflector. about“a line passing .through ‘the feed and the
point ‘where" the directive axis intersects the reflecting
surface of the reflector, which may be called the feed
axis.” In both cases, the beam will trace a circular pat-
tern-in space having the dlrectlve axis of the reflector as
a center.

When the angle between the feed ‘axis and the direc-
tive axis is changed, the size of the circular pattern will
change . correspondingly, and “if this angle is. changed
while the reflector-is rotating, a spiral pattern will be
produced. The changing of this angle by a pivotal mo-
tionof the reflector is referred to as modding the reflec-
tor. )

In-“some radar applications, the target or search area
is ‘confined to the horizon and the ideal scanning pattern
would be a long thin rectangle. ., It is an object of this
invention to provide a scanner in’which the reflector is
nodded and both the feed and the reflector are rotated,
producing an elliptical-spiral pattern. 1It'is a.further ob-
ject of the inventionto provide such a scanner which
utilizes' relatively Iow rotational velocities; thereby per-
mitting use of a small, light weight and rigid- structure
that is easily dynamically balanced.

Another object of the invention is to- provide a scanner
having multiple scanning patterns, such as circular, spiral,
elliptical-spiral and linear, and in ‘which the scanning
pattern may be changed rapidly and simply.

A further object of the invention is to provide a mul-
tiple pattern scanmer in which the pattern changing means
does not disturb the dynamic balance of the scanner.

" An important object of the invention is to provide a
scanner in which the horizontal axis of the pattern is
“maintained horizontal while the structure in which the
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scanner is housed is rolling. Another object of the in-
vention is to provide roll stabilization of the pattern by
means within the scanner, thereby eliminating the need
of ‘a stabilized platform for the scanner.

Still another object of the invention is to provide a
scanner in which the feed may be an electromagnetic
antenna, a light source or detector, a sound source or
detector, a heat source or detector, or the like.

The invention .also comprises novel details of construc-
tion and novél combinations and arrangements of parts, .
which will more fully appear in the course of the follow-
ing description. However, the drawings merely show
and the description merely describes preferred embodi-
ments of the present invention as applied to a radar
scanner, which are given by way of illustration or €x-
ample only.

In the drawings: ,

Fig. 1 is a sectional view of an embodiment of the
invention;

Fig. 2 is a side view taken along the line 2—2 of
Fig. 1;

Fig. 3 is-a sectional view of another embodiment of
the invention;

Fig. 4 is a sectional view taken along the line 4—4
of Fig. 3; and

Fig. 5 is.a sectional view taken along ‘the line 5—5
of Fig. 3 showing the cam follower in. phantom

In the embodiment of Fig. 1, the moving elements of
the scanner are supported from a base 10. A frame 11
is rotatably mounted in the base 10 by a bearing 12, the
frame 11 being prov1ded with a peripheral gear 13. A
drive motor, 14 is mounted on the base 10, the rotating
shaft of the drive motor carrying a pinion 15 which en-
gages the peripheral gear 13.

A reflector 16, shown with the outer portion thereof
broken away, is plvotally mounted on the frame 11 by
pins 17, 18. The reflector 16 has a concave inner sur-
face 21 which is usually parabolic in shape and  which
has an axis of symmetry or directive axis 22. TI he frame
11 has an axis of rotation 23 and the reflector, 16 is
mounted on the frame so that the pivot axis of the re-
flector through the pins 17, 18 is normal to the plane
occupied by the directive axis 22 and the axis of rotation
23.

‘A countershaft 24 is rotatably mounted in a boss 25
which extends from the frame 11.. Spur gears 26 and 27
and a worm 28 are affixed to the countershaft 24, the
worm 28 engaging a worm gear 31 that is mounted on a
crankshaft 32, The crankshaft 32 is mounted in the frame
11 and is provided with a crankpin 33, the crankpin 33
engaging one end of a drive link 34. A crankarm 35 is
pivotally mounted on the pin 17, one arm of the crankarm
engaging the other end of the drive link 34 and the other
arm of the crankarm. being affixed to a boss 36 on the re-
flector 16,

A cluster gear 40 comprising a shaft 41 and gears 42
and 43, is rotatably mounted in a boss 44 extending from

“the base 10, the gear 43 engaging the gear 26. A stabiliza-

tion drive motor 45 is mounted on the base 10, a pinion
46 being mounted to the rotating shaft of the drive motor
45 and engaging the gear 42. A spur gear 47 is mounted
on a shaft 48 and engages the spur gear 27, the shaft being
rotatably mounted in a boss 56 which extends from the
frame 11. A universal joint 51 is ‘mounted on the shaft 48
with its pivot axis coinciding with the pivot axis of the pins
17, 18, the universal joint 51 extending through an open-
ing 52.in the reflector 16.

A length of wavegmde 53 is coupled to another length
of waveguide 54 which is coaxial with the axis of rota-
tion 23, by a rotating waveguide joint 55. ‘The waveguide
54 is rigidly joined to a length of waveguide 56 which is
supported by the frame-11. A length of wavegnide 58 is
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supported by the reflector 16 at a shoulder 60 and is
coupled to the waveguide 56 by a rotating waveguide joint
61. A feed 62 comprising a waveguide doughnut antenna
is positioned in front of the reflecting surface 21 of the
reflector 16 by a length of waveguide 63 which is: mounted
on an end 64 of the universal joint 51 and is coupled to
the waveguide 58 by a rotating waveguide joint-65. When
the reflector 16 is pivoted on the frame 11, the feed 62 will
also be pivoted about the axis through the pins 17, 18 due
to the fact that the waveguide 58 is mounted on the re-
flector at the shoulder 60. When it is desired that the feed
62 remain fixed relative to the axis of rotation 23 while
the reflector is pivoted, the rotating joint 61 may be
eliminated and the waveguide 58 may be directly coupled
to and supported by the waveguide 56.

The drive motor 14 rotates the frame 11 and the re-
flector 16 about the axis of rotation 23, driving through
the pinion 15 and the peripheral gear 13. Assuming for
the moment that the cluster gear 40 is fixed relative to the
frame 11, the countershaft 24 is driven from the gear 43
by the rotation of the frame 11. The countershaft 24 in
turn drives the shaft 48 through the gears 27, 47 and
rotates the feed 62 about the directive axis 22 in a direc-
tion opposite to that of the frame and reflector. The
countershaft 24 also drives the shaft 32 through the worm
and gear combination 28, 31, the rotation of the crank-
shaft 32 producing an oscillating movement of the crank-
arm 35 and the reflector 16 about the pivot pins 17, 18.
A second position of the oscillating reflector 16 is shown
in phantom in Fig. 2 and a second position of the rotating
feed 62 is shown in phantom in Fig. 1.

A line 66 through the center of the feed 62 and the
center of the universal joint 51 may be defined as a feed
axis. When the feed axis 66 is displaced from the direc-
tive axis 22 of the reflector 16, as shown in the embodi-
ment of Fig. 1, and the feed is maintained fixed with re-
spect to the reflector, rotation of the frame 11 with the
reflector maintained fixed relative to the frame will pro-
duce a circular scanning pattern. If the reflector is
pivoted with respect to the frame while the frame is being
rotated, the radius of the previously mentioned circular
scanning pattern will be continually changing, and hence
a spiral scanning pattern will be produced. When the
pivoting motion of the reflector is such that its directive
axis oscillates between the lines indicated by numerals 22
and 22’ of Fig. 2, a doughnut-shaped area will be covered
by the scanning pattern. In the above discussion it has
been presumed that the feed 62 has been maintained fixed
relative to the reflector 16. When the feed is rotated
about the directive axis 22 by the gearing previously de-
scribed in a direction opposite to that in which the re-
flector rotates, the previously described doughnut spiral
pattern will be changed to an elliptical-spiral pattern and
the area scanned will be a solid ellipse when the angles

formed by the axes 22, 22’ with the axis 23 are suitably &

chosen. The ratio of the major axis of the ellipse to the
minor axis of the ellipse is a function of the ratio of the
angle between the feed axis 66 and the directive axis 22
and the angle between the directive axis 22 and the axis of
rotation 23. When these angles are equal, the ellipse will
be reduced to a straight line, producing a linear scanning
pattern.

When a scanner with a spiral scanning pattern is used
-to cover an area lying along the horizon, it is essential
that the major axis of the ellipse lie along the horizon.
. When the scanner is mounted in a fixed position, this may
be accomplished by simply changing the relative rotation
angle between the moving parts. However, when the
scanner is mounted in a moving vehicle, such as an air-
plane or a ship, the base 10 does not remain fixed relative
to the horizon and some form of continuous stabilization
is essential. In the embodiment of Fig. 1, means are pro-
vided for stabilizing the major axis of the elliptical-spiral
scanning pattern even though the vehicle on which the
base 10 is mounted is oscillating or rolling with respect
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to the horizon. A roll correction signal is produced by a
conventional type of roll-sensing device, such as a gyro-
scope and servomechanism, not shown, and the correc-
tion signal is coupled to the stabilization drive motor 45.
When the major axis of the elliptical-spiral scan coincides

with the horizon, that is, when the feed and the reflector

have the desired rotation angle relationship, there is no
output from the stabilization drive motor 45 and the clus-
ter gear 40 remains fixed. However, when there is an
error due to the rolling of the base 10 with respect to the
horizon, there is an output from the stabilization drive
motor 45 which rotates the cluster gear 40 to change the
rotational angular relation between the feed and the re-
flector, thereby bringing the major axis of the elliptical-
spiral pattern into alignment with the horizon as desired.
This type of stabilization system is extremely simple, the
only additional parts required in the scanner being the
drive motor 45 and the gears 42, 46. This is an improve-
ment over previous types of stabilization systems which
required that the base 18 and the entire scanner be
mounted on a plaform which was in turn mounted on the
vehicle, the platform with the complete scanner thereon
being stabilized by tilting the platform with respect to
the vehicle. .

In Fig. 3, another embodiment of the invention similar
to that of Fig. 1 is illustrated, like parts in the two em-
bodiments being identified by the same numerals. This
embodiment differs from that of Fig. 1 in that energy is
fed to the feed 62 through a different path, a different
method of coupling the drive motor to the pivoting re-
flector is provided and means are provided for shifting the
elliptical-spiral scanning pattern to a circular scanning
pattern.,

The waveguide 53 is coupled to a length of waveguide
76 by the rotating waveguide joint 55, the waveguide 70
being rotatably mounted in an axial opening 71 in the
frame 11, The frame 11 is provided with an extension 72
that is rotatably mounted in the boss 44, the cluster gear
40 rotating freely on the extension 72 and being spaced
from the boss 44 and the frame 11 by washers 73, 74.
The reflector 16 is mounted on a base plate 75, a friction
bearing 78 being mounted in the base plate 75 along the
directive axis 22. One end of the waveguide 63 is posi-
tioned within the friction bearing 78 and is coupled to the
waveguide 70 by a length of flexible waveguides 76. A
flanged collar 77 is mounted on the waveguide 70 by
suitable means, such as welding, and a gear 80, corre-
sponding to the gear 47 of Fig. 1, is retained in place on
the flanged collar 77 by a bushing 81 and a set screw
therein, not shown. A slip clutch comprising a coil
spring 82 mounted on the flanged collar 77 and engaging
a groove in the gear 80, couples the gear 80 to the collar
71.

The groove in the gear 80 is shaped so that when the
gear is driven in one direction by the countershaft 24, the
gear will engage the end of the spring 82 and the gear 80,
the flanged collar 77 and the waveguide 70 will rotate in
unison, thereby driving the feed 62 through the friction
bearing 78 in a direction opposite to that in which the
frame 11 is rotating. When the direction of rotation of
the frame 11 and hence the countershaft 24 is reversed,
the end of the spring 82 is disengaged from the groove
in the gear 80 and the gear 80 turns freely on the flanged
collar 77 without imparting any rotational motion to the
feed. Hence, when the direction of rotation of the frame
11 is reversed, the reflector and the feed are rotated in
unison by the friction bearing 78.

The worm gear 31 is mounted on a shaft 83 which is
rotatably mounted in the frame 11. A cam 84 having
cam surfaces 85, 86 is mounted on the shaft 83 (Fig. 5),
the cam surface 86 corresponding to the periphery of the
shaft 83 in the embodiment of Fig. 3. The reflector 16
and the base plate 75 are mounted on a yoke 87 which is
pivotally mounted on the frame 11 by the pivot pins 17,
18. A balance weight 90 is mounted on one arm of the
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yoke 87 and the cam follower 91 is mounted on the end
of the other arm of the yoke 87. A pulley 92 is mounted
on the shaft 83 and a similar pulley 93 is mounted on the
pivot pin 17, the pivot pin 17 being rigidly -attached to
the yoke 87 by a flange 94 and a rivet 95. ‘A ﬂemble belt
96 couples the pulleys 92, 93 together. v

When the shaft 83 rotates, the belt 96 is dnven by the

pulley 92 and tends to rotate the pivot pin 17.  This .

torque applied by the belt rotates the counterbalanced
yoke 87 until the cam follower 91'engages one of the cam
surfaces 85, 86. - The rotation of the shaft 83 also rotates
the cam 84, thereby causing -the yoke 87 and the re-
flector 16 to pivot about the frame as a function of the
shape of the cam surfaces on the cam 84. The gearing of
the embodiment-of Fig. 3 is arranged so that when' the
reflector is rotated in one direction along with the frame,
the feed is rotated in the opposite direction by action of
the stip clutch and the cam follower 91 is urged against
the cam surface 85, thereby:'pivoting’ the reflector with
respect to the frame and produding the desired elliptical-
spiral scanmng pattern, . When the direction of rotation
of the frame is reversed, the feed and the reflector will
rotate in unison and the cam. follower 91 will be urged
against the cam surface 86 thereby retaining the reflec-
tor fixed with respect to the frame and producing a circu-
lar scanning pattern. It should be noted that this shift
from one type of scanning pattern-to-another is-accom-
plished by reversing the direction of the drive motor 14
and that it does ‘not require any-mechanical shifting of
the moving components of -the scannér-and hence does
not affect the dynamic balance of the scanner structure.

In the embodiment of Fig. 1, the crankshaft 32 and
its- associated componeénts produce a sinusoidal oscilla-
tion of the reflector 16 with respect to the frame .11.
The cam surface 85 of the embodiment of Fig. 3 will pro-
duce saw-tooth oscillation of the reflector with respect to
the frame 11. The particular pattern of oscillation de-
sired will depend upon the application to which the
scanner is to be made; however, it is seen that any type
of oscillation may be achieved by providing a suitable
cam surface on the cam 84.

If the cam surface 86 was similar in shape to that of
the cam surface 85, the reversing of the drive motor 14
would shift the scanning pattern from elliptical-spiral to
circular-spiral. In one instance the feed and reflector
would be counterrotating and the reflector would be
pivoted by the cam surface 85 providing the elliptical-
spiral pattern, in the second instance the feed and the re-
flector would be rotating in unison and the reflector would
be oscillated by the cam surface 86, providing the cir-
cular-spiral pattern.

Although the above embodiments of the invention have
been described in conjunction with waveguide for trans-
mitting electromagnetic energy to the antenna 62, it is

clear that other means of transmission such as coaxial

conductors may be utilized and that a source or a sensing
device for sound, heat, light, or other forms of radiation
may be substituted for the antenna at the feed 62, there-
by prov1dmg a scanner suitable for transmitting and/or
receiving any type of radiation.

Although several exemplary embodlments of the inven-
tion have been disclosed and discussed, it will be under-
stood that other applications of the invention are possible
and that the embodiments disclosed may be subjected to
various changes, modifications and substitutions without
necessarily departing from the spirit of the invention.

I claim as my invention:

1. In a scanner, the combination of: a frame; a re-
flector pivotally mounted on said frame, said reflector
having an axis of symmetry; drive means coupled to said
frame for rotating said frame and reflector; a feed having
an axis of rotation parallel with said axis of symmetry,
said feed being positioned in front of said reflector so as
to direct radiated energy toward said reflector; and power
means coupled to said feed for rotating said feed in con-
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trolled relation to 'said rotating frame and reflector for
producing a predetermined scanning pattern.

2..In a scanner, the combination of: a frame; a re-
flector pivotally mounted on said frame; drive means
coupled to said frame for rotating said frame and reflec-
tor; a feed positioned in front of said reflector so as to
direct radiated energy toward said reflector; and means
coupling said feed to said drive means for rotating said
feed in synchronism with said frame and reflector for
producing a predetermined scanning pattern.

3. A scanner as defined in claim 2 in which said frame
and said feed rotate in opposite directions at the same
angular velocity relative to said drive means.

4. In -a scanpner, the combination of: a frame; a re-
flector pivotally mounted on said frame; drive means
coupled to said frame for rotating said frame and reflec-
tor; a feed positioned in front of said reflector so as to di-
rect radiated energy toward said reflector; and power
means rotating said feed in controlled relation to said
frame and reflector for producing a predetermined
scanning pattern,

5. In a scanrer, the combination of: a frame; a re-
flector pivotally mounted on said frame; drive means
coupled to said frame for rotating said frame and reflec-
tor; means coupling said reflector to said drive means
whereby said reflector may be oscillated with respect to
said frame while said frame and reflector are rotating; a
feed positioned in .front of said reflector so as to direct
radiated energy toward said reflector; and means coupling
said feed to said drive means for rotating said feed in con-
trolled relation to said frame and reflector for producing
a predetermined scanning pattern.

6. In a scanner, the combination of: a frame; a re-
flector pivotally mounted on said frame, said reflector
having a directive axis; drive means coupled to said frame
for rotating said frame and reflector; a feed rotatably and
pivotally mounted on said frame, said feed having an axis
of rotation coaxial with said directive axis; means cou-
pling said reflector to said drive means whereby said re-
flector may be oscillated with respect to said frame while
said frame and reflector are rotating; and power means
for rotating and oscillating said feed in controlled relation
to said frame and reflector for producing a predetermined
scanning pattern.

7. In a scanner, the combination of: a base; an antenna
having a reflector element and a feed element mounted
for rotation relative to one another; a first drive motor
mounted on said base; a differential gear unit having first,
second and third couplings, the rotation of said first cou-
pling relative to the rotation of said second coupling being
a function of the rotation of said third coupling; a first
power gear unit connecting said first drive motor to one
of said antenna elements and to said first coupling, said
first drive motor rotating said one element relative to said
base; a second power gear unit connecting the other of
said antenna elements to said second coupling; and a
second drive motor mounted on said base and connected
to said third coupling for varying the rotation of said
other antenna element relative to said one antenna
element.

8. A scanner as defined in claim 5, in which said means
coupling said feed to said drive means includes differen-
tial means, and power means for actuating said differen-
tial means in response to an external reference signal, said

- differential means varying the relative rotation of said

feed and said frame.

9. A scanner as defined in claim 6, in which said frame
and said feed rotate in opposite directions at the same
angular velocity relative to said drive means and in which
said reflector and said feed oscillate in phase.

10. In a scanner, the combination of: a frame; a re-
flector pivotally mounted on said frame; a cam mounted
on said frame and having two fixed cam surfaces; rever-
sible drive means for rotating said cam; a cam follower
coupled to said reflector and engaging said cam for os-



2,916,739

7
cillating said reflector as said cam rotates; and means
driven by said drive means for urging said cam follower
against .one of said cam surfaces when driven in one di-
rection and against the. other of said cam surfaces when
driven in the opposite direction.

11. In a scanner, the combination of: a frame; a re-
flector pivotally mounted on said frame; a -cam mounted
on said frame and having concentrically positioned cam
surfaces fixed relative to each other; reversible drive
means for rotating said cam; a cam follower pivotally
mounted on said frame and coupled to said reflector for
engaging said cam and oscillating said reflector as said
cam rotates; .and a slippable drive system couplmg said
drive means to said .cam follower for urging .said cam
follower against one of said cam surfaces when driven in
one direction and against the other of said cam surfaces
when driven in the opposite direction.

12. In a roll compensated scanner, the combination of:
a housing for mounting on. a vehicle which may be rolling;
areflector; first drive means mounted on said housing and
coupled to said reflector for continuously rotating said
reflector .at a predetermined speed; a feed positioned in
front of said reflector so as to direct radiated energy to-
ward said reflector; coupling means connecting said feed
to said first drive means for continuously rotating said
feed relative to said reflector at a predetermined speed,
said coupling means including a connection to a normally
fixed reference carried on said housing; and second drive
means for varying said reference in response to the rolling
of the vehicle for changing the angular relation between
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said feed and refiector Wlthout changing said predeter-
mined speeds.

a housmg for mountmg ,pn a vehlcle thlch may be roll-
ing; a reflector; first drive means mounted on said housing
and coupled to said reflector for continuously rotatmg
said reflector at a predetermined speed about an axis; a
feed positioned in front of said reflector so as to direct
radiated energy toward said reflector; a .countershaft car-
ried on said reflector for rotation about said axis with
said reflector, said countershaft being rotatably mounted
for rotation relative to said reflector also; a roll reference
gear carried on said housing, with said countershaft cou-
pling said free to said reference gear for continuously
rotating said feed relative to.said reflector at a predeter-
mined speed; and second drive means mounted on said
housmg for varying the angular position of said reference
gear in response to the rolling of the vehicle for changing
the angular relation between said feed and reflector with-
out changing said predetermined speeds.
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