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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims benefit of United States
Provisional Application Number 60/588,532, filed July
16, 2004, entitled "Impact Sprinkler Drive System," which
is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] Theinventionrelatestoanimpactsprinklerand,
more particularly, to an impact sprinkler with improved
rotation.

BACKGROUND OF THE Invention

[0003] The use and operation of impact sprinklers is
well-known, as are a variety of design limitations and
attendant issues. An impact sprinkler rotates in a full or
partial circle to distribute water therefrom. A water stream
is directed through a nozzle and against a deflector lo-
cated on a rotation shaft. The water is radially distributed
by rotation of the rotation shaft and deflector.

[0004] More specifically, the rotation shaft and deflec-
tor are periodically and incrementally rotated a short dis-
tance as a result of an impact. To permit this rotation, the
rotation shaft is rotatably supported by the sprinkler. The
water stream outwardly-deflected from the deflector
strikes an arm or spoon formed on an imp act disc, also
rotatably supported by the sprinkler. The water striking
the spoon forces the impact disc to rotate so that the
spoon is shifted out of the path of the water stream, the
shifting overcoming the bias of a spring resisting such
movement and contributing to the support of the impact
disc. Accordingly, such shifting causes the spring to store
energy. Under desirable operating conditions, the water
strikes the spoon to cause the impact disc to continue
rotating a short distance beyond the water stream.
[0005] The spring forces the impact disc into the rota-
tion shaft to cause the rotation of the rotation shaft. The
impactdisc rotating from the water stream causes a build-
up of energy in the spring, and eventually the spring force
slows and stops the impact arm, eventually forcing the
impact disc to counter-rotate and return towards the wa-
ter stream. The spoon re-enters the water stream ap-
proximately coincident with or shortly before a structure
on the impact disc collides with structure on the rotation
shaft. This collision causes the rotation shaft to rotate a
short distance in the counter-rotation direction. In this
manner, the water stream direction is rotationally re-po-
sitioned.

[0006] The angular amount of rotation of the rotation
shaft is dependent on the magnitude of the collision, or
the size of impact, between the structures of the impact
arm and the rotation shaft. This collision itself is depend-
ent on a number of factors.

[0007] For a nozzle providing a low flow speed or vol-
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ume, the water stream striking the deflector and then the
spoon will effect only a short or limited amount of rota-
tional movement by the impact disc. Accordingly, the en-
ergy stored in the spring will be low, and the counter-
rotation or return of the impact disc will be a similarly
short distance. This results in the spoon or impact arm
having a low dwell time and re-entering the water stream
before a full emission stream pattern develops, thus
shortening the throw distance for the sprinkler. The dwell
time is generally the amount of time during which the
spoon is not aligned with the water stream, and more
specifically, the time during which the water stream is
free to directly distribute water to the surrounding envi-
ronment without interference by the spoon.

[0008] Additionally, this may result in insufficient rota-
tion of the rotation shaft. A portion of the energy stored
by the spring will be lost as the spoon re-enters the water
stream, while the remainder will be transferred to the ro-
tation shaft through the collision. The collision is resisted
by a certain amount of static friction between the rotation
shaft and its support by the sprinkler. If the energy stored
by the springisrelatively low, the collision is consequently
low also.

[0009] In some instances, the energy may not suffi-
ciently rotate the rotation shaft.

In such a case, the spoon merely oscillates in and out of
the water making little or no collision.

[0010] Another problem is that the rotational force for
deflecting the impact disc or arm out of the water stream
may be excessive. This results in over-rotation of the
impact disc, which itself may cause an impact between
the impact disc and the rotation shaft in the rotation di-
rection, consequently resulting in rotation of the direction
of water stream emission in a direction opposite to that
desired, this effect being referred to herein as back-im-
pact.

[0011] Previous designs for impact sprinklers tend to
suffer from one or more of the foregoing shortcomings.
More specifically, dwell-time issues resulting from low
water flow may be addressed by using a light spring (i.e.,
a spring having a low spring constant) for the impact disc.
However, this may result in the over-rotation of the impact
arm (reverse impact with rotation shaft) and/or insuffi-
cient energy stored in the spring arm for causing a for-
ward impact with the rotation shaft. Additionally, the im-
pact disc is supported jointly by the spring and by a sta-
tionary support, and a lighter spring results in less support
provided by the spring and, consequently, more weight
is supported by the stationary support resulting in greater
friction between the impact disc and stationary support.
As a lighter spring stores less energy for a particular
amount of torsional deflection, a greater portion of the
return energy is expended in overcoming the friction,
thereby reducing the impact energy. Alternatively, utili-
zation of a heavy spring requires a greater force from the
water stream to deflect and rotate the impact arm and
shortens the dwell time such that the full water stream
pattern and throw may be unable to develop.
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[0012] To improve dwell time, the mass of the impact
disc assembly may be increased. However, an increase
in mass requires greater water now to energize, that is,
to provide sufficient energy for acceleration and rotation
of the impact disc. An increase in impact disc mass also
requires a heavier spring, as described above.
Accordingly, it has been found that variation of the mass
of the impact disc assembly and corresponding variation
of the spring constant of the spring generally correlate to
balance the impact energy received.

[0013] Consequently, there has been a need for an
improved impact sprinkler.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1is a perspective view of an impact sprin-
kler having a housing supporting a sprinkler assembly
including an impact arm and a rotation shaft;

[0015] FIG. 2 is an exploded view of the impact sprin-
kler of Fig 1 showing the housing, a nozzle received by
the housing, and the sprinkler assembly including rota-
tion shaft and a deflector connectable thereto, the impact
disc assembly, and a support connectable to the housing
for supporting the rotation shaft and the impact disc as-
sembly;

[0016] FIG. 3 is a top plan view of the impact disc as-
sembly of Fig. 2;

[0017] FIG. 4 is a top plan view of the impact disc as-
sembly engaged with the rotation shaft of Fig. 2;

[0018] FIG. 5 is a bottom plan view of the impact disc
assembly and rotation shaft of Fig. 4 showing the impact
arm in cross-section;

[0019] FIG.6is aside elevation view of the impact disc
assembly of Fig. 4 showing the impact disc and the im-
pact arm;

[0020] FIG.7 isaside elevation view of the impact disc
and impact arm of Fig. 6;

[0021] FIG. 8 is a side elevation view of an alternative
configuration of an impact disc assembly;

[0022] FIG.9is aside elevation view of the impact disc
assembly of Fig. 8;

[0023] FIG. 10is abottom plan view of the impact disc
assembly of Fig. 8 showing an impact disc and an impact
arm having a cover;

[0024] Fig. 11 is a bottom plan view of the impact disc
assembly of Fig. 9 having the cover removed;

[0025] FIG. 12 is a perspective view of the cover of
Fig. 10;
[0026]

Fig. 12;
[0027] FIG. 14 is a bottom plan view of the impact disc
assembly of Fig. 10 and arotation shaft having a deflector
aligned with an inlet to the impact arm;

[0028] FIG. 15 is a top plan view of the impact disc
assembly of Fig. 14 engaged with the rotation shaft in
phantom;

[0029] FIG. 16 is a bottom plan view of an additional
alternative form of an impact disc assembly including an

FIG. 13 is a side elevation view of the cover of
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impact disc and an impact arm;

[0030] FIG. 17 is a side elevation view of the impact
disc assembly of Fig. 16;

[0031] FIG. 18 is a side elevation view of the impact
disc assembly of Fig. 16;

[0032] FIG. 19 is a fragmentary bottom plan view of
the impact disc assembly of Fig. 16 showing the impact
arm in cross-section;

[0033] FIG. 20 is a fragmentary bottom plan view of a
prior art impact disc assembly showing a prior art impact
arm in cross-section;

[0034] FIG. 21 is a cross-sectional view of the impact
arm of Fig. 19 and a cross-sectional view of the prior art
impact arm of Fig. 20 in phantom; and

[0035] FIG. 22 is a top plan view of an impact arm of
an alternative form of impact sprinider.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0036] Referring initially to FIGS. 1-7, an impact sprin-
kler 10 is depicted including a sprinkler assembly 50 sup-
ported by a body or housing 12. As can be seen in Fig.
2, the sprinkler assembly 50 includes a rotation shaft 14
having a deflector 16, and an impact disc assembly 20
having an impact disc 22 and an impact arm referred to
herein as a spoon 24. The impact disc assembly 20 and
rotation shaft 14 are supported by the sprinkler assembly
50 to permit rotation of the impact disc assembly 20 and
rotation shaft 14 relative to each other and to the housing
12. As will be described, the impact spoon 24 and a bias
member, such as a spring, are configured to maximize
an impact between the impact disc assembly 20 and the
rotation shaft 14 to re-align the deflector 16, to energize
the spoon 24 with a water stream to rotate the impact
disc assembly 20 for a desired amount of dwell time, and
to minimize the possibility of back-impact which would
otherwise cause reverse re-alignment of the deflector 16.
[0037] More specifically, the spoon 24 is configured to
receive a water stream in a forward drive direction to shift
the spoon 24 away from the water stream in a rotation
direction, and is configured so that the water stream is
received in a reverse drive direction to accelerate the
spoon 24 in the counter-rotation direction. The spoon is
configured to receive the water stream in the forward
drive direction for a sufficient time period for the water
stream to impart a desired amount of energy to the impact
disc assembly 20 so that, on counter-rotation, the energy
is utilized for forward re-alignment of the water stream
upon returning to the water stream. The spoon 24 is also
configured to utilize the water stream in the reverse drive
direction for reverse drive to increase the energization of
the impact disc assembly 20 as the spoon 24 re-enters
the water stream, thereby increasing the impact between
the impact disc assembly 20 and the rotation shaft 14.
Furthermore, the spoon 24 is configured to prevent over-
rotation of the impact disc assembly 20, which would oth-
erwise cause reverse re-alignment of the water stream.
The selection of the spring is coordinated with the spoon
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configuration to provide a desired dwell time.

[0038] As used herein, forward rotation of the impact
disc assembly 20 refers to a rotational movement away
from a water stream, and counter-rotation of the impact
disc assembly 20 refers to a rotational movement to-
wards the water stream. Re-alignment refers to a desired
direction of rotational movement by the rotation shaft 14
due to impact thereagainst by the impact disc assembly
20 counter-rotating towards the water stream, and re-
verse re-alignment refers to an undesired direction of ro-
tational movement by the rotation shaft 14 due to back-
impact by the impact disc assembly 20 in the rotation
direction away from the water stream. To highlight and
clarify, it is noted that excessive forward rotation of the
impact disc assembly 20 can result in reverse re-align-
ment of the rotation shaft 14, though the present forms
of impact disc assemblies described herein serve to pre-
vent or restrict this event.

[0039] As noted previously, variation of the mass of
the impact disc assembly and corresponding variation of
the spring constant of the spring generally correlate to
balance the impact energy. The spring and its associated
spring constant, as well as rotational inertia of the impact
discassembly 20, are principally responsible for the dwell
time for the impact disc assembly 20, and the rotational
inertia of the impact disc assembly 20 generally corre-
lates to the mass thereof. The shape of the spoon 24
determines how much energy is stored by the impact disc
assembly 20 during its forward rotation. The impact en-
ergy provided by the impact disc assembly 20 striking
the rotation shaft 14 is dependent on the amount of en-
ergy stored by the impact disc assembly 20 during the
forward rotation, and the amount of energy imparted as
a reverse drive to the impact disc assembly 20 as the
spoon 24 re-enters the water stream.

[0040] The impact sprinkler 10 is commonly installed
as part of a larger system for irrigating an area by incor-
porating a plurality of sprinklers 10. The larger system
includes a water source (not shown) for delivering water
to each of the sprinklers 10 via distribution pipes or con-
duits (not shown). The sprinkler body or housing 12 con-
nects to the distribution conduit for receiving water there-
through. More specifically, the hosing 12 includes an ex-
ternally threaded neck 30 threadably received within the
conduit. In the presentembodiments, the neck 30 defines
an interior tubular passage 32 with structure for receiving
and securing a nozzle 34 therein, such as by a snap fit.
[0041] When the neck 30 is secured to the distribution
conduit, the nozzle 34 is positioned within the conduit
and in the flow of water. The nozzle 34 is selected to
provide desired flow characteristics based on expected
water source conditions and includes an inlet (not shown)
and an outlet 36 for directing water in an upward stream.
It should be noted that, alternatively, the nozzle 34 may
be secured and rotate with the rotation shaft 14, in which
case a pressurized dynamic seal between the neck 30
and rotation shaft 14 is preferably present.

[0042] As depicted, the housing 12 includes a bottom

10

15

20

25

30

35

40

45

50

55

plate 40 extending laterally from the neck 30 and protec-
tive ribs 42 which extend laterally and then vertically from
the neck 30 and the bottom plate 40. At an uppermost
portion, the ribs 42 are connected to a mount ring 44.
[0043] The mount ring 44 and sprinkler assembly 50
include structure cooperating to secure the sprinkler as-
sembly 50 to the housing 12. The sprinkler assembly 50
includes a support 52 having a generally cylindrical outer
surface 54 having a lower edge 56. The mount ring 44
includes a generally cylindrical inner surface 60 on which
is formed support posts 62 extending radially inward. The
sprinkler assembly 50 is received within the mount ring
44 so that the lower edge 56 abuts and is supported by
the support posts 62. Additionally, the outer surface 54
includes assembly shoulders 66 extending radially out-
ward therefrom, and the mount ring 44 includes retainers
68 extending radially inwardly. With the sprinkler assem-
bly 50 received within the mount ring 44, the assembly
shoulders 66 align below the retainers 68. The sprinkler
assembly 50 is then rotated relative to the mount ring 44
so that the assembly shoulders 66 are positioned below
and against the retainers 68. The assembly shoulders
66 include an upward portion 70 forming a stop against
which the retainers 68 are positioned when the sprinkler
assembly 50 is secured therein.

[0044] Rotating the sprinkler assembly 50 relative to
the mount ring 44 releasably secures the sprinkler as-
sembly 50 therein. More specifically, the outer surface
54 of the support 52 includes ramps 72 which cooperate
with amount ring ramps 74 such that rotating the sprinkler
assembly 50 cams the ramps 72, 74 against each other.
Coincident with or immediately prior to the retainers 68
contacting the stops 70, the ramps 72 clear the ramps
74. Each of the ramps 72, 74 have respective stop sur-
faces 76, 78 generally radially aligned such that, when
the ramps 72 are rotated clear of the ramps 74, the stop
surfaces 76, 78 are in a confronting relationship to secure
the sprinkler assembly 50 within the mount ring 44 by
restricting or preventing the sprinkler assembly 50 from
rotating in an opposite direction.

[0045] The mount ring 44 secures the support 52 so
that the housing 12 supports the sprinkler assembly 50.
As noted above, the sprinkler assembly 50 includes the
impact disc assembly 20, and the rotation shaft 14, both
of which may rotate relative to each other and to the sup-
port 52 secured with the housing 12. During operation,
the nozzle 34 secured with the housing 12 directs incom-
ing water flow against the deflector 16 located on the
rotation shaft 14, and the water is then distributed from
the deflector 16. More specifically, the rotation shaft 14
has a lower end 80 located proximate the nozzle outlet
36, and the deflector 16 is secured to the lower end 80
such that the water stream from the outlet 36 flows into
and against the deflector 16.

[0046] In simple terms, the water stream from the de-
flector 16 effects the operation of the sprinkler 10. The
deflector 16 and its rotation shaft 14 in a particular posi-
tion direct water in a radial direction from the sprinkler
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10. With the impact disc assembly 20 aligned with the
water stream from the deflector 16, water flows into an
inlet 100 of the impact spoon 24. After a short period of
time in which the impact disc assembly 20 is energized
by the water stream, the impact disc assembly 20 rotates
out of the water stream, thereby storing energy in a bias
member or spring (not shown). After a period of rotation,
the impact disc assembly 20 slows, stops, and counter-
rotates to return towards the water stream.

[0047] The period of rotation and counter-rotation by
the impact disc assembly 20 is know as the dwell time,
and during this dwell time the water stream emits from
the deflector 16 in aradial direction to irrigate or distribute
water therefrom. Initially, the water is distributed a short
distance, and subsequently is distributed a greater dis-
tance as the spoon moves out of the water stream and
the water stream progresses towards a maximum throw
distance. The amount of dwell time necessary for the
water stream to form a pattern for the maximum throw
distance depends on a variety water flow characteristics
including pressure and volume.

[0048] The rotation shaft 14 has an upstanding arm 90
received within a partially circular cavity 92 (Fig. 3)
formed in the impact disc assembly 20 and defined by a
bridge 94 spanning from a hub 96 to a disc body 98. The
arm 90 travels along the cavity 92 during the rotation and
counter-rotation of the impact disc assembly 20 relative
to the rotation shaft 14. When the disc assembly 20 re-
turns into the water stream, the bridge 94 strikes the arm
90, and the kinetic energy of the disc assembly 20 is
partially transferred to the rotation shaft 14. This effects
an incremental or discrete rotational movement so that
the rotation shaft 14 and deflector 16 are re-aligned to
distribute in a new radial direction.

[0049] As described above, the spoon 24 receives a
combination of forward drive energy and reverse drive
energy from the water stream. Once the spoon 24 re-
enters the water stream, the water begins flowing through
the spoon 24. As the spoon inlet 100 initially re-enters
the water stream, a portion of the spoon 24 is struck by
the water to provide additional energy to drive the impact
disc assembly 20 into the impact with the rotation shaft
14. The sum of the forces of each finite portion of the
water stream in the spoon 24 provides reverse drive to
the spoon 24 and impact disc assembly 20 until the water
stream contacts an upstream discharge portion, de-
scribed herein and referred to as an exit flow portion 168
(Fig. 5). While the water striking the reverse drive portions
of the spoon 24 continues to provide reverse drive to the
spoon 24, the water striking the other portions and the
exit portion 168 provide forward drive. The reverse drive
is not immediately counteracted by the forward drive so
that it may be at some point after the water strikes the
exit flow portions 168 that the sum of the forces from the
water stream provides a forward drive or rotation to the
spoon 24. For a particular nozzle, the speed of the water
into the spoon 24 is generally dependent on the nozzle
pressure. For a low pressure water stream having a low
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velocity or speed, the water stream may not contact the
exit flow portion 168 until a short period after the impact
occurs. Conversely, a high pressure water stream has a
high velocity or speed, and the water stream may contact
the exit flow portion 168 prior to the impact.

[0050] As will be discussed in greater detail below, the
spoon 24 is configured to increase the reverse drive effect
on the impact disc assembly 20 during re-entry to the
water stream. The impact disc assembly 20 generally
does not begin attempting to shift from the water stream
until the water flowing therethrough strikes the down-
stream exit flow portion 168. The length of the spoon 24
allows a time delay for water to strike the exit flow portion
168. One benefit of this time delay is that water does not
strike the exit flow portion 168 as quickly, preferably not
until after the impact occurs, thereby allowing the reverse
drive toincrease the impact and lessens the forward drive
effects from water flowing through the spoon 24 that
would otherwise reduce the impact energy. Another ben-
efit is that a greater mount of water, or a greater segment
of the water stream, is received by the spoon 24 so that,
once the spoon 24 does shift, the increased amount of
water continues to energize the impact disc assembly 20
until the water has exited through the exit flow portion
168.

[0051] The configuration of the impact spoon 24 facil-
itates the above-described operation. More specifically,
the impact spoon 24 is configured to maximize the energy
imparted by the water stream passing therethrough. For
comparison purposes and with reference to Fig. 20, a
configuration for a prior art impact spoon 110 mounted
or formed on an impact disc 111 is depicted. As shown,
the spoon 110 includes a first flow portion 112 and a
second flow portion 114. The water stream is directed
from a deflector, such as the above-described deflector
16, in the direction of arrow | for impacting the first flow
portion 112. The first flow portion 112 has an inner sur-
face 115 including an inlet section 116, a relatively
straight section 118, and an arcuate section 120 including
an outlet section 222.

[0052] The spoon 110 includes a lead-in surface 124
which is struck by the water directed in the direction of
arrow M. Though the lead-in surface 124 provides a slight
reverse drive, in a direction. A, the bluntness of the lead-
in surface 124 with respect to the water stream in the
direction M causes a loss of energy for the water con-
tacting there. Consequently, when the spoon 110 coun-
ter-rotates so that the water stream is directed into the
spoon 110, the water stream is slower, and the amount
of available reverse drive is reduced.

[0053] Additionally, the lead-in surface 124 reduces
the forward drive energy for the spoon 110. As the spoon
110 rotates in the rotation direction and prior to the spoon
110 passing fully away from the water stream, the lead-
in surface 124 again passes through the water stream.
By doing so, a reverse-drive force is applied by the water
stream, againstthe lead-in surface 124, thereby decreas-
ing the forward drive of the spoon 110.
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[0054] As noted above, the straight section 118 pro-
vides a desirable counter-rotation driving force from the
water stream. As the spoon 110 returns to the water
stream immediately prior to impacting with the rotation
shaft 14, water striking the straight section 118 provides
additional energization to the returning spoon 110 for as-
sisting in delivering impact energy against the rotation
shaft 14. Moreover, the straight section 118 being angled
or contoured in such a manner is generally beneficial as
the radially directed water stream is necessarily re-di-
rected through the spoon 110. Toward this end, the shape
of the straight section 118, as well as a portion of the
arcuate section 120, which tend to direct the spoon 110
in the counter-rotation direction @, are designed to avoid
excessive turbulence and head loss (wasted energy in
the form of heat) while re-directing the water stream
through the spoon 110.

[0055] The arcuate section 120 generally spans angle
o, and has a radius of curvature of R1. As can be seen,
the outlet section 122 directs the water somewhat inward-
ly, in the direction of arrow D1. The water then transitions
into and strikes an inner surface 126 of the second flow
portion 114.

[0056] The inner surface 126 includes a generally
straight section 130, a second arcuate section 132, and
an outlet section 134, each being angled or contoured
so that water striking thereagainst produces forward ro-
tation drive. The generally straight section 130 is angled
sothat water received along the inner surface 126 follows
the direction of arrow D2. As can be seen, water exiting
the outlet section 122 of the first flow portion 112 and
following the direction of arrow D1 is redirected outward
by the straight section 130.

[0057] The water passes from the straight section 130
to the second arcuate section 132. The second arcuate
section 132 redirects the water, thereby deriving energy
from the water, such that water is then emitted from the
spoon 110 in the direction of arrow D3. The second ar-
cuate section 132 has a radius of curvature of R2 and
spans an angle .

[0058] Inthe presentform, angle a.is 157 degrees and
the radius of curvature R1is 0.260 inches. As water flows
along the straight section 130, the average length of trav-
el is represented by length L and is approximately 0.50
inches. The radius of curvatue R2 of the second arcuate
section 132 is 0.250 inches, and the angle § is approxi-
mately 150 degrees. Accordingly, the average travel dis-
tance for water through the spoon 110 is approximately
2.41 inches. The impact disc 111 has a center of rotation
140 and a radius R3 to a perimeter edge or surface 142
formed thereon. The center of rotation 140 is approxi-
mately coincident with the origin point of the water stream
from the deflector, though it may be offset somewhat de-
pending on the configuration of the deflector. The radius
R3 is approximately 1.14 inches. The first flow portion
112 receives water at an initial point 119, and the second
flow portion 114 includes a point 121 which is the point
of greatest angular distance from the initial point 119,
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these points providing an angle 3 (Fig. 20). This angle &
is approximately 85 degrees.

[0059] As stated above, the impact spoon 24 is con-
figured for the water to follow a longer path or travel dis-
tance through the spoon 24 therefrom than the path or
travel distance through the spoon 120 of the prior art.
Additionally, the force acting on the spoon 24 produces
a torque dependent on the distance from a center of ro-
tation 150 (Fig. 3) of the impact disc assembly 20, and
the spoon 24 is configured such that a greater portion of
the spoon 24 is positioned at a greater distance from the
centerof rotation 150 than is presentin the prior art spoon
110.

[0060] With reference to Figs. 3-7, the spoon 24 and
impact disc 22 are depicted. In general, the impact disc
22 is substantially identical in mass, size including radius,
and design to the prior art impact disc 111.

[0061] The spoon 24 includes an inner surface 152
along which the water stream travels through the spoon
24. The spoon 24 generally includes a top wall 160, a
bottom wall 162, an outer wall 164 having an inner sur-
face 166, and an exit flow portion 168 having an inner
surface 170 (Fig. 6) for turning the water for emission,
as well as deriving energy from the water stream. The
spoon 24 includes an inlet section 100 (Figs. 5 and 7)
formed by the walls 160, 162, and 164. As can be seen
in Fig. 7, the lead-in surface 124 of the prior art spoon
10 has been eliminated to reduce or eliminate the above-
described energy and head losses. The inlet section 100
includes aramp surface 171 (Fig. 7) assisting in directing
the radially directed water from the deflector 16 into and
along the spoon 24. The inlet section 100 also includes
a reverse-drive section 172 formed on the inner surface
166 of the outer wall 164 providing energy for counter-
rotation of the impact disc assembly 20 when the spoon
24 re-enters the water stream, immediately prior to im-
pact with the rotation shaft 14.

[0062] The reverse-drive section 172 transitions
smoothly to a forward drive section 174, also formed on
the inner surface 166. As can be seen in Figs. 3 and 5,
the forward drive section 174 is positioned at a varying
distance R4 from the center of rotation 150, but in any
event generally greater than a radius R5 of the impact
disc 22 itself. As the water flows along the forward drive
section 174, a force from the water acts upon the spoon
24 resulting from the cohesion forces of the water mole-
cules, the adhesion forces between the water and the
inner surface 166, and the kinetic energy of the water.
As the water is acting at a distance, that of distance R4,
from the center of rotation 150, the force from the water
produces a torque, thereby imparting forward drive en-
ergy to the impact disc assembly 20 and spring.

[0063] Ascan be seenin Fig. 20 for the prior art spoon
110, a portion 144 of the first flow portion 112 and a por-
tion 146 of the second flow portion 114 are positioned
respective distances from the center of rotation 140,
though neither is positioned a distance much greater than
the radius R3, the outer radius of the impact disc being
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1.14 inches. Additionally, the force by the water flowing
against the inner surfaces 115 and 126 of the first and
second flow portions 112, 114, respectively, of the prior
art spoon 120 produces atorque in proportion to the finite
distances along the inner surfaces 115, 126, of which
only small portions of the prior art spoon 110 are posi-
tioned at the maximum distances of the portions 144,
146. As also can be seen in Fig. 20, the water in the prior
artspoon 110 flows through a total angle ©, approximate-
ly 75 degrees, prior to entering the second arcuate sec-
tion 132 in which the water is turned for emission.
[0064] With reference to Fig. 5, the spoon 24 allows
water to travel through an angle X1 prior to entering the
exit flow portion 168. This angle X1 is preferably approx-
imately 90 degrees, which is 15 degrees greater than the
angle O for the prior art spoon 110. Combined with the
torque due to the distance of the inner surface 166 from
the center of rotation 150, it is clear that the spoon 24
produces a greater torque than the spoon 110. In addi-
tion, and as previously stated, the angle é for the prior
art spoon 110 between its leading or initial point 119 of
water contact and the point 121 of its maximum angular
distance on the second flow portion 114 is approximately
85 degrees. In comparison, the spoon 24 has compara-
ble angles X2 and X3 corresponding to different portions
of the exit flow portion 168, X2 being preferably approx-
imately 100 degrees and X3 being preferably approxi-
mately 105 degrees.

[0065] As is depicted in Figs. 6 and 7, it can be seen
that the spoon 24 angles downward from the inlet section
100 and prior to reaching the exit flow portion 168. The
downward angle increases the length of the spoon 24
within an angular extent ¥ of the spoon 24, between lead-
ing end 202 and trailing end 204, shown in Fig. 3. The
exit flow portion 168 then makes a turn, approximately
90 degrees, for emitting the water with an upward trajec-
tory which assists in utilizing the water therethrough for
irrigation or distribution purposes and reduces or elimi-
nates the possibility that the water is merely deposited
only relatively close to the sprinkler 10.

[0066] While the prior art spoon 110 makes such aturn
(slightly less than 180 degrees) in its second arcuate sec-
tion 132, the exit flow portion 168 makes the turn in a
plane that is orthogonal to a plane of flow through the
forward drive section 174, while the flow of water through
the second arcuate section 132 is in generally the same
plane as the water through the balance of the spoon 110.
In this manner, the angle X1 may be greater than the
angle O, as described above, and an exit direction D4 of
water therefrom remains generally parallel to a direction
D5 as stream emits directly from the deflector 16. The
directions D4 and D5 are approximately parallel, and are
separated by preferably approximately 1.25".

[0067] The exit stream from the exit flow portion 168
produces an additional torque that is fully utilized to pro-
duce stored energy for the impact disc assembly 20. The
direction D4 for the water stream from the exit flow portion
168 is positioned outside of the impact disc 22. As can

10

15

20

25

30

35

40

45

50

55

be seen in Fig. 20, the prior art spoon 110 produces an
exit stream along the direction D3. The direction D3 is
positioned at a much lower distance from the center of
rotation 140 of the disc 111 and the direction D3 is posi-
tioned from the center of rotation 150 of the disc 22. As
these distances produce respective torque arms, the
torque for equal water streams is much greater in the
spoon 24 having the exit flow portion 168 than for the
prior art spoon 110.

[0068] The exit flow portion 168 turning the water in a
second plane has an additional benefit. As the water tran-
sitions from the forward drive section 174 to the exit flow
portion 168, the water tends to be outboard from the cent-
er of rotation 150 and flowing along the bottom wall 162.
Were the exit flow portion 168 merely rotated from the
orientation depicted to turn in the same plane, the water
would collide in an orthogonal direction to the inner sur-
face 170 of the exit flow portion 168. While it may appear
that this would impart a great amount of energy thereto,
the negative pressure on the flow of water more than
counteracts this and restricts the flow of water through
the spoon 24, and the collision causes a loss of pressure
(energy lost due to heat). An entrance portion 180 of the
exit flow portion 168 angles upward from the bottom wall
162, as can be seen in Figs. 5 and 6. In both the spoon
24 and the prior art spoon 110, the radius of curvature
for the exit flow portion 168 and the second arcuate sec-
tion 132 should be large enough to allow the smooth tran-
sition. As can be seen for the prior art spoon 120 of Fig.
20, this transition is made smooth by the exit section 122
directing the water inwardly. As the exit flow portion 168
is positioned at a greater radial distance, the turn in the
second plane is possible (Fig. 2), and the radius of the
inner surface 170 is greater than the radius R2 for the
second arcuate section 132 of the prior art spoon 110.
As a portion of the exit flow portion 168 is positioned at
a distance greater than outside the radius itself R5 (Fig.
50, water striking the inner surface 170 has a greater
torque.

[0069] During operation of the sprinkler 10, itis desired
to maximize the energy derived by the spoon 24 from the
water stream and maximize the dwell time, balanced
against minimizing the likelihood of a back-impact due
to over-rotation of the impact disc assembly 20. The de-
scribed configuration of the spoon 24 provides substan-
tially more impact energy than does the prior art spoon
110, while doing so with a similarly-sized, in an angular
sweep, structure. As described, the inner surface 166
along which the water pulls is positioned at the distance
R4 from the center of rotation 150 greater than the dis-
tance for comparable surfaces for the prior art spoon 110
such that greater torque is produce.

[0070] As was noted earlier, it is beneficial that the an-
gle X1 of the spoon 24 is greater than the angle © for the
prior art spoon 24. Though it may seem incongruous, it
is considered beneficial to utilize the exit flow portion 168
to reduce the length of the spoon 24. Such is resolved
by first noting that incorporation of the exit flow portion
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168 creates extended travel distance by water flowing
through the spoon 24, yet also increases the energy that
can be derived from the water stream, and by secondly
noting that utilization of the exit flow portion 168 while
not substantially increasing the angular sweep of the
spoon 24 allows similar forward rotation of the spoon 24
and impact disc 22, as will be discussed below.

[0071] The impact disc assembly 20 is constructed to
minimize the likelihood of back-impact, balanced against
providing the greatest travel distance by the water within
the spoon 24 and, specifically, the greatest distance prior
to the water striking the exit flow portion 168. Described
above, over-rotation and back-impact may result in the
bridge 94 contacting the upstanding arm 90 of the rotation
shaft 14 in the rotation direction, resulting in reverse re-
alignment of the rotation shaft 14 and deflector 16. As
can be seen in Fig. 4, the bridge 94 has a first impact
surface 190 which strikes against a first reaction surface
196 of the upstanding arm 90 for the desirable forward
re-alignment of the rotation shaft 14. The bridge 94 also
has a second impact surface 192 which may strike a sec-
ond surface 198 on the upstanding arm 90, to cause the
back-impact. To minimize this likelihood, the bridge 94
is constructed so that the surfaces 190, 192 combined
with the surfaces 196, 198 form a relatively small angular
sweep Q. An indicia 206 indicates the direction and po-
sition from which the water stream is discharged by the
deflector 16, and the inlet section 100 (see Fig. 5) is
aligned with the indicia 206.

[0072] As stated, itis also desired to have the greatest
travel distance by the water within the spoon 24. More
specifically, the time delay before the water strikes the
exit flow portion 168 correlates to the travel distance by
the water within the spoon 24. The impact disc assembly
20 begins shifting away from the water stream shortly
after the water strikes the exit flow portion 168. It is de-
sired to provide a time delay sufficient to allow the water
stream to act upon the reverse drive portions such as the
straight section 118 to maximize the impact energy be-
tween the impact drive assembly 20 and the rotation shaft
14, which occurs prior to the impact disc assembly 20
shifting away from the water stream. As described herein,
the configuration of the spoon 24 provides additional
length than the prior art spoon 110, thus also providing
a greater time delay to improve the impact energy.
[0073] As noted above, the impact disc 22 with the
exception of the spoon 24 is generally the same as the
prior art impact disc 111 in terms of mass, size, and de-
sign. Also, the spring utilized as the bias member to store
the energy from the forward rotation of the impact disc
assembly 20 principally determines the dwell time, and
the shape of the spoon 24 principally determines how
much energy is stored in the spring. The greater the
spring constant, with all other values held constant, the
shorter the dwell time. For the prior art impact disc 111
and spoon 110, the spring has a spring constant of ap-
proximately 1.2 x 104 inch-pounds / degrees of rotation,
and is fixed with a preload of 150 degrees rotation. As
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the spoon 24 derives more reverse drive energy from the
water stream at it re-enters the water stream, the impact
disc assembly 20 is able to operate in water flows with
lower energy or, more precisely, a lower pressure and
flow rate. This also allows the spring constant to be re-
duced, preferably to approximately 6.5 x 10-° inch-
pounds / degree of rotation, with a preload of approxi-
mately 190 degrees. Thus, sprinkler 10 is able to operate
atlow pressures, in the range of 10-15 psi, while the prior
art sprinkler tends to behave erratically or undesirable
below approximately 20 psi when using low-flow rated
nozzles.

[0074] The sprinkler 10 operates at a faster rotational
rate than those of the prior art. The spoon 24 has a higher
energy imparted theretoin the reverse drive direction dur-
ing re-entry by the spoon 24 into the water stream and
has a greater time delay before the water strikes the exit
flow portion 168 so that the water stream is able to max-
imize the energization to the reverse drive portions, such
as the straight section 118, in the spoon 24. Together,
these factors enable the spoon 24 to have a higherimpact
between the bridge 94 and upstanding arm 90 of the ro-
tation shaft 14. Therefore, each impact therebetween
causes a greater rotational re-alignment for the deflector
16. By way of example, a prior art sprinkler operating at
30 psi makes a full revolution in approximately 80 sec-
onds. The sprinkler 10 described herein makes a similar
full revolution in approximately 30 seconds.

[0075] The operation of the sprinkler 10 benefits by
making the full revolution in the shorter time period of
approximately 30 seconds. During operation in the field,
it is not uncommon for bugs, dirt, or other particulate ma-
terial to intrude between components of the sprinkler 10.
Each of these intrusions retards the rotation of the sprin-
kler, and may cause premature wear. In any event, a
number of the components will experience wear over
time and usage. The faster sprinkler 10 has greater power
for rotating the rotation shaft 14 and deflector 16. This
power may be utilized to overcome the impediments re-
sulting from intrusive materials, friction, and worn surfac-
es. Another benefit is that the additional power created
results in the sprinkler 10 operating properly at a lower
flow pressure. Consequently, smaller nozzles may be
used with the sprinkler 10 that would typically result in
stalling by the commonly known sprinklers of the prior
art if used therewith.

[0076] As noted, the impact disc assembly 20 and the
prior art impact disc 111 generally do not begin shifting
in the rotation direction @ until the water stream has
passed into and struck the exit flow portion 168. This
allows the time delay for the spoon 24 to receive a greater
amount of the water stream, a greater water stream seg-
ment, so that, once the spoon 24 does shift, the water
continues to energize the impact disc assembly 20 until
the water has exited through the exit flow portion 168.
To some degree, energy is balanced by greater distance
traveled so that the resultant energy imparted to the im-
pact disc assembly 20 is generally similar to that of the
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prior art disc 111 and spoon 110.

[0077] Referring now to Figs. 8-15, an alternative form
of an impact disc assembly 250 having an impact disc
252 and impact arm or spoon 254 is illustrated. In a man-
ner similar to the impact spoon 24, the spoon 254 is con-
figured to increase the length of travel by the water there-
through. The increased length allows for a greater time
delay before the water begins forcing the impact disc
assembly 250 away from the water stream, and the great-
er time delay allows a greater amount of reverse drive to
be exerted on the spoon 254 as the spoon 254 re-enters
the water stream. This greater amount of reverse drive
increases the impact energy, thus increasing the forward
re-alignment of a deflector 316 and a rotation shaft 314,
as will be described herein. Furthermore, the spoon 254
provides for back-impact protection.

[0078] The impact disc assembly 250 shifts in the for-
ward rotation direction ® as the impact spoon 254 moves
away from the water stream, and shifts in the counter-
rotation direction A as the spoon 254 moves towards and
into the water stream. Theimpact disc 252 is substantially
identical to the prior art impact disc 111, as well as to the
impact disc 22 as described above, in terms of mass,
size, and design, and the differences will be recognized
in the following description of the impact disc 252 and
the spoon 254 of the impact disc assembly 250. The im-
pact disc assembly 250 rotates around a center of rota-
tion 251.

[0079] The spoon 254 is defined by the impact disc
252 and a cover 256. More specifically, a portion 258 of
the spoon 254 is formed on a bottom side 260 of a body
262 of the impact disc 252 (see Fig. 11), and the cover
256 (Figs. 12 and 13) is secured to the portion 258 to
define a passageway 264 through the spoon 254.
[0080] The spoon 254 includes an inlet 270 (Fig. 8) for
receiving water distributed radially from a deflector 316
in a direction D10 (Fig. 14). The water then passes
through the spoon 254, providing drive energy to the im-
pact disc assembly 250, and exits through an outlet 272
(Fig. 9) in a direction D11 (Figs. 10 and 14). As can be
seen in Fig. 14, the direction D10 for the water from the
deflector 316 is non-parallel to the water stream direction
D11 from the outlet 272.

[0081] Referring to Figs. 10-13, the spoon 254 and
cover 256 thereof are depicted as being somewhat S-
shaped to define the S-shaped passageway 264. The
portion 258 formed on the impact disc body 262 includes
a first flow portion 280 and a second flow portion 282.
[0082] The water distributed from the deflector 316 en-
ters at the inlet 270 and contacts the first flow portion
280. More specifically, the first flow portion 280 has an
inner surface 290 formed on a lead-in section 292, a rel-
atively straightinlet section 294, an arcuate elbow section
296, an arcuate perimeter section 298, and a return sec-
tion 300, each of which will be discussed herein and is
best viewed in Fig. 11.

[0083] The lead-in section 292 behaves in a generally
similar to the lead-in section 116 of the prior art spoon

10

15

20

25

30

35

40

45

50

55

110, described above. As discussed, it is preferred that
a forward leading surface 302 formed on the spoon 254
is positioned as to form a sharp point, such as shown
between the leading end 202 and the outer wall inner
surface 166 for the impact spoon 24 in Fig. 5, to minimize
head and energy losses.

[0084] The straightinletsection 294 is formed adjacent
the lead-in section surface 292. The inlet section 294 is
angled into the direction of the water stream so that, as
the water stream strikes the inlet section 294, a counter-
rotation force in the direction A is imparted to the impact
spoon 254 and disc 252 by the water, thus providing re-
verse drive to the impact disc assembly 250. The inlet
section 294 is angled from a radius R10 by angle v, pref-
erably approximately 12 degrees.

[0085] Consequently, astheimpactdiscassembly 250
counter-rotates to strike a rotation shaft 314 (Figs. 14
and 15), the spoon 254 re-enters the water stream, and
the reverse drive provides additional energization to in-
crease an impact force between the impact disc assem-
bly 250 and the rotation shaft 314.

[0086] The impact disc 254 includes the body 262 and
a hub 302 connected to the body 262 by a bridge 304.
With reference to Fig. 15, the bridge 304 has an impact
surface 306 for desirably striking a reaction surface 310
formed on an upstanding portion 312 of the rotation shaft
314. The bridge 304 further has a second surface 308
that, due to the construction and design of the impact
disc assembly 250, advantageously does not contact a
shaft surface 318. As the impact disc assembly 250 re-
turns to the water stream, the bridge impact surface 306
strikes the reaction surface 310 on the upstanding portion
312 to incrementally forward re-align the rotation shaft
314 in the forward direction @ so that the water stream
emitted directly to the environment from the deflector 316
is also incrementally re-aligned forwardly.

[0087] Referring now to Fig. 15, the impact disc as-
sembly 250 is constructed to minimize the likelihood of
back-impact. The spoon 254 in particular is designed so
that the second flow portion 282 with the water stream
to restrict forward rotation and prevent back-impact. De-
scribed above, over-rotation and back-impact may result
in the bridge 304 contacting the upstanding portion 312
of the rotation shaft 314 in the rotation direction, resulting
in reverse re-alignment of the rotation shaft 314 and de-
flector 316. As noted above, bridge 304 has the bridge
impact surface 306 and the second surface 308. The
bridge 304 is constructed so that the surfaces 306, 308
combined with rotation shaft surfaces 310, 318 form a
relatively small angular sweep . This serves to provide
the impact disc assembly 250 with a rotational sweep
available prior to any occurrence of the back-impact It
should be noted that structural limitations, such as
strength, rigidity, and costs of various materials tend to
require a minimal size for both the upstanding portion
312 and the bridge 304. Preferably, the angle p is ap-
proximately degrees.

[0088] Furthermore, the spoon 254 itself provides a
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protection against the over-rotation. As can be seen in
Fig. 10 and 15, the spoon 254 has a leading end 319 and
a trailing end 321 forming an angular sweep 1. The angle
T preferably is approximately degrees. Water is dis-
charged from the deflector 316 into the inlet 270 along
the direction D10. The trailing end 321 of the spoon 254
is offset from the second shaft surface 318 by an angle
v, which preferably is approximately _ degrees. The im-
pact disc assembly 250 would preferably need to rotate
approximately _ degrees before the bridge second sur-
face 308 comes into contact with the second shaft surface
318, which would cause the undesirable back-impactand
reverse re-alignment. The direction D10 of discharge is
positioned with an angular offset n of preferably _ de-
grees from the trailing end 321 and the leading end 321
needs to rotate preferably approximately _ degrees be-
fore aligning with the water stream emitting from the de-
flector 316 and aligned with the direction D10 of emission.
Therefore, the leading end 321 will come into alignment
with the water stream before the second surface 308 of
the bridge 304 comes into contact with the second sur-
face 318. In the event this amount of forward rotation
occurs by the impactdisc assembly 250, the water stream
will strike the leading end 321 to assist in slowing, stop-
ping, and then returning the impact disc assembly 250
in the counter-rotation direction. Consequently, the im-
pact spoon 254 itself serves to retard or prevent the back-
impact from occurring.

[0089] Referring again to Fig. 11, the inlet section 294
transitions to the arcuate elbow section 296 having a ra-
dius of curvature R11, which is contoured to derive re-
verse-drive energy, applying force in the direction A, from
the water stream in the same manner as the inlet section
294. The elbow section 296 curves to direct the water in
a direction that preferably is generally 90 degrees from
the path of the incoming water stream from the deflector
316, and to direct the water into the arcuate perimeter
section 298. The radius of curvature R11 for the arcuate
perimeter section 298 is preferably approximately 0.250
inches. The reverse-drive energy of the elbow section
296 increases the impact energy and, consequently, pro-
motes a greater rotation upon impact between the impact
disc assembly 250 and the rotation shaft 314, as has
been discussed.

[0090] The arcuate perimeter section 298 is positioned
in close proximity to an outer edge 320 of the body 262.
The perimeter section 298 generally follows the outer
edge 320 at a uniform distance D11 from the center of
rotation 251. As the water flows along the perimeter sec-
tion 298, the water exerts a force againstthe inner surface
290. Additionally, due to the distance D11 from the center
of rotation 251, the force of the water exerts a torque,
thereby imparting an amount of energy in the forward
rotation direction @ to the impact disc assembly 250. The
perimeter section 298 has a preferred angular sweep of
approximately 90 degrees such that its angular length
preferably is approximately 1.50 inches.

[0091] Once the water has passed through the perim-

10

15

20

25

30

35

40

45

50

55

10

eter section 298, the water strikes the return section 300.
The return section 300 is reverse-angled and has a
curved portion 301 with a radius of curvature R12 pref-
erably approximately 0.400 inches, and a second rela-
tively straight portion 303 so that the length of the return
section 300 is preferably approximately 0.49 inches. The
water striking the return section 300 is angled inwardly
and causes a rotational force to be exerted on the spoon
surface 290. As can be seen, the force of the water strik-
ing the return section 300 does so at a varying distance
D12 from the center of rotation 251 to produce a torque,
and the distance D12 is generally equal to or greater than
a varying distance D6 for the similar outlet section 122
of the prior art disc 110 (Fig. 20). The water stream then
crosses the passageway 264 and transitions into the sec-
ond flow portion 282.

[0092] The second flow portion 282 includes a lead
wall portion 324 that transitions into an arcuate exit wall
portion 326 for emitting the water stream, thus imparting
a rotational force in the rotation direction ® on the disc
assembly 250. The lead wall portion 324 is preferably
curved outwardly from the center 251 of the impact disc
assembly 252 and has a preferred radius of curvature of
approximately 0.730 inches, while the radius of curvature
of the exit wall portion 326 is preferably approximately
0.278 inches. The exit wall portion 326 preferably spans
generally 180 degrees so that the water stream emitted
from the spoon 254 is approximately tangential to the
impact disc assembly 250 and so that the water stream
is able to apply the greatest force and torque in the rota-
tion direction ®. It should be noted that transitions be-
tween the wall sections are preferably smoothly radiused
such that head loss or fluid flow pressure loss is mini-
mized, and disruption of the flow stream is minimized.
[0093] As discussed above, the prior art spoon 110
has included angle 8 between its initial point 119 of water
contact and the maximum angularly displaced point 121,
and the angle 5 is approximately 85 degrees. In compar-
ison, the spoon 254 has a comparable angle p (Fig. 11)
that is preferably approximately 160 degrees.

[0094] Similarto both the impact disc assembly 20 and
the prior art impact disc 111, the impact disc assembly
250 generally does not begin rotating in the rotation di-
rection @ until after the water stream passes from the
first flow portion 280 through the channel 264 and strikes
the exit wall portion 326. Utilization of the spoon inner
surface 290 as described and, in particular, the perimeter
section 298 allows a delay in the time before the water
stream begins to strike the exit wall portion 326. The time
delay allows the water stream to provide the above-de-
scribed reverse drive energy to portions of the spoon
254, which further energizes the spoon 254 and impact
disc assembly 250 towards the rotation shaft 324, prior
to the water striking the exit wall portion 326. This max-
imizes the amount ofimpact energy and, thus, maximizes
the forward re-alignment of the rotation shaft 314 and the
deflector 316.

[0095] Referring now to Figs. 12 and 13, the cover 256
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is illustrated in further detail. As water flows through the
passageway 264, gravity acts upon the water. Accord-
ingly, the cover 256 is provided to retain the water therein.
In the present form, the spoon 254 is formed by molding
the portion 258 on the body 262, and then the cover 256
is separately formed and attached to the portion 258 to
jointly form the spoon 254 and to define the passageway
264. This construction for the spoon 254 and the impact
disc 252 is to simplify the molding process, though other
constructions are available such as a single mold con-
struction for the spoon 254, either along with the impact
disc 252 or as a separate component to be joined to the
body bottom surface 260.

[0096] The cover 256 can be seen as generally S-
shaped having top surface 340 formed on an inlet section
330, a body section 332, a reversing section 334, and a
discharge section 336, each of which is discussed herein.
The top surface 340 includes a first ramp portion 342 on
the inlet section 330 angling upward in the direction of
entrance by the water into the spoon 254 at the inlet 270
(see Fig. 8). The first ramp portion 342 assists in collect-
ing the water stream from the deflector 316, which may
be a combination of a single laminar flow and an erratic
spray, and in channeling the water stream through the
passageway 264, in the same manner as the ramp sur-
face 170 of the impact disc assembly 20. The inlet section
330 is positioned within and against the lead-in section
292, the inlet section 294, and the elbow section 296 of
the first flow portion 280.

[0097] The first ramp portion 342 leads to the body
section 332 which generally corresponds in shape with
and is positioned within and against the perimeter section
298 of the first flow portion 280, discussed above. The
top surface 340 is generally horizontal over the body sec-
tion, as well as over the reversing section 334.

[0098] The reversing section 334 generally corre-
sponds to and is positioned within and against the return
section 300 and most of the second flow portion 282. In
addition, the reversing section 334 includes a bridge por-
tion 346 spanning across the passageway 264 between
the first and second flow portions 280, 282, as can be
seen in Fig. 14.

[0099] The top surface 340 has a second ramp portion
344 formed on the discharge section 336 and angling
upwardly. The discharge section 336 is also positioned
within and against the second flow portion 282 proximate
to the outlet 272. The upward angle of the second ramp
portion 344 provides an upward trajectory for the water
stream emitted from the spoon 254.

[0100] Asthe majority of the path through the passage-
way 264 for the water flowing through the spoon 254 is
generally horizontal, distribution uniformity of the water
streams improved. The second ramp surface 344 pro-
vides a significant throw distance for the water exiting
the spoon 254, contributing to the ability of this portion
of the water stream to be distributed for watering purpos-
es and not simply dispersed unduly close to the sprinkler
10. It should be noted, however, that the horizontal move-
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ment is not necessary for the operation of the impact disc
assembly 250.

[0101] The cover 256 further includes first and second
walls 350, 352 for securement with the first and second
flow portions 280, 282 of the spoon 254. More specifical-
ly, the first wall 350 is positioned on a top edge 354 of
the first flow portion 280, while the second wall 352 is
positioned on a top edge 356 of the second flow portion
282. The cover 256 generally seals with the first and sec-
ond flow portions 280, 282 to restrict or prevent water
from flowing between the cover 256 and the top edges
354, 356.

[0102] Referring now to Figs. 16-19, a further form of
an impact disc assembly 400 having an impact disc 402
and impact spoon 404 is illustrated. With further refer-
ence to Fig. 21, it can be seen that the spoon 404 has a
longer length than the prior art spoon 110. The longer
length provides a greater time delay from when the spoon
404 re-enters the water stream to the time the water
stream causes the spoon 404 to begin rotating away from
and out of the water stream. As described for the spoons
24 and 254, this time delay allows the water stream to
provide reverse drive energy to portions of the spoon
404, thereby providing additional energization to in-
crease an impact between the impact disc assembly 400
and a rotation shaft 520. The longer length also enables
the spoon 404 to receive a greater amount of water prior
to shifting from the water stream, this greater amount of
water energizing the impact disc assembly 400 over the
additional length. The spoon 404 further includes por-
tions positioned at distances from the center of rotation
that are greater than comparable portions of the prior art
spoon 110 so that the torque arm produced by water
acting on those portions to rotate the impact disc assem-
bly around a center of rotation 406 is greater for the spoon
404 than for the prior art spoon 110.

[0103] Theimpactdisc402includesabody410having
a bottom surface 412 on which the spoon 404 may be
secured or formed. The impact disc 402 is rotatably sup-
ported by a hub 414 connected to the body 410 by a
bridge 416. The impactdisc 402 is generally substantially
identical to the above-discussed impact discs in terms of
size, mass, and design. As such, the bridge 416 includes
an impact surface 418 for a desirable impact with an up-
standing arm formed on a rotation shaft 520 (Fig. 16) for
forward re-alignment of a deflector secured with the ro-
tation shaft so that a water stream emitted from the de-
flector is re-aligned to distribute water therefrom in an
angularly re-aligned direction (see above). The bridge
416 further includes a second surface 420 that, due to
the design of the impact disc assembly 400, advanta-
geously does not impact with the rotation shaft to cause
undesirable reverse re-alignment oi the deflector and the
water stream distributing water therefrom.

[0104] The impact spoon 404 includes an inlet 430 for
receiving a water stream from the deflector, and an outlet
432 for emitting the water after passing through the spoon
404. The impact spoon 404 provides a path 434 between
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the inlet 430 and outlet 432 along which the water flows
through the spoon 404 imparting energy to the spoon
404 and, thus, to the impact disc assembly 400. As best
seen in Fig. 19, the path 434 is generally S-shaped, the
water being received at the inlet 430 in a direction D20
and being emitted from the outlet 432 in a direction D21.
[0105] The spoon 404 includes a bottom wall 440, a
top wall 442, and a director wall 444. The bottom and top
walls 440, 442 are generally parallel with each other. The
bottom wall 440 includes an entrance ramp 446 for di-
recting and channeling the water stream received therein
through the spoon path 434.

[0106] Thedirectorwall444 includes afirst flow portion
450 and a second flow portion 452. The first flow portion
450 includes an inlet section 456 which is struck by water
as the spoon 404 is returning to the water stream so that
the water stream is directed along a direction D22, or in
a direction located between the direction D22 and the
direction D20 (Fig. 19). The director wall 444 has an out-
side surface 460 which, at the inlet 430, includes a bev-
eled portion 462 forming a sharp or small radius point
464 with the inlet section 456. Consequently, the loss of
both forward and reverse drive that is experienced by the
prior art spoon 110 having the surface 124, discussed
above, is significantly reduced as the point 464 passes
through the water stream from the reflector. It should be
noted that the direction D22 is aligned with the point 464
such that any shifting of the impact disc assembly 400 in
the forward rotation direction ® allows the water stream
to pass by the inlet section 456. It should also be noted
that the beveled portion 462 is generally oriented in a
vertically-aligned plane P (Fig. 19) that is non-parallel to
water stream direction D22 when the water is impacting
atthe point 456 so that any water that passes by the point
456 does not contact the beveled portion 462.

[0107] The water flows from the inlet section 456 to an
arcuate flow section 466 of the first flow portion 450. Wa-
ter impacting the inlet section 456 and a portion of the
arcuate flow section 466 imparts counter-rotation force
and reverse drive energy to assist in directing the impact
disc assembly 400 into the rotation shaft as the spoon
404 returns into the water stream. The arcuate flow sec-
tion 466 has a varying degree of curvature so that discrete
portions therealong have different radii of curvature.
Thus, the arcuate flow section 466 has a first arcuate
section 408 which tends to curve slightly, a second ar-
cuate section 470 providing a greater curvature, a third
arcuate section 472 with only a slight curvature, and a
fourth arcuate section 474 with a greater curvature.
[0108] As the water passes through the first arcuate
section 468, the amount of work done by the water
thereagainst is lower in comparison to the greater curve
of the second and fourth arcuate sections 470, 474. By
design, the second and fourth arcuate sections 470, 474
are positioned at respective varying distances D23, D24
from the center of rotation 406 so that the water acting
on these sections 470, 474 produces a torque in propor-
tion to these distances D23, D24. As can be seen in Fig.
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21, the distances D33 and D24 are greater than compa-
rable distances D25 and D6 for the prior art spoon 110.
Accordingly, the torque arm for water passing through
the second and fourth arcuate sections 470, 474 is great-
er than for the prior art spoon 110. Additionally, the third
arcuate section 472 is positioned at a distance D26 from
the center of rotation 406 so that the water acting there-
upon also has a large torque arm. The distance D26 is
greater than a radius R20 for the impact disc body 410

[0109] After passing through the fourth arcuate section
474, the water flows against an outlet section 476 that is
relatively straight and is positioned a varying distance
D27 from the center of rotation 406. As can be seen in
Fig. 21, the distance D27 is greater than any distance
along the first flow portion 112 of the prior art spoon 110.
Accordingly, the torque arm for water passing against
the outlet section 476 is greater than that of the prior art
spoon 110.

[0110] The water passes from acting on an inwardly
directed surface on the first flow portion 450 to acting on
an outwardly directed surface formed on the second flow
portion 452. Water flows from the first flow portion 450
to the second flow portion 452 generally along a direction
D28. As this flow is not necessarily a laminar flow, instead
including erratic spray molecules, the second flow portion
452 has an entrance portion 480 angled to collect and
channel the water from the first flow portion 450. The
entrance portion 480 transitions smoothly to a relatively
straight section 482. The entrance portion and section
482 are positioned at a distance D29 from the center of
rotation 406. The distance D29 varies so as to increase
so that the section 482 angles outward as the water flows
therealong. Accordingly, water flowing therealong pro-
duces a torque against the spoon 404, and, as can be
seen in Fig. 21, this distance D29 is greater than any
comparable distance along the second flow portion 114
of the prior art spoon 110.

[0111] The second flow portion 452 further includes an
arcuate section 490 shaped in a manner similar to the
arcuate flow section 466 of the first flow portion 450. That
is, the arcuate section 490 includes first and third curved
sections 492, 496 being more sharply curved than a sec-
ond curved section 494. As the second flow portion 452
is generally positioned at a distance equal to or greater
than the second flow portion 114 of the prior art spoon
110, the torque created by the water through the second
flow portion 452 is greater.

[0112] Referringto Fig. 21 in specific, the path 434 that
the water travels through the spoon 404 can be seen as
being longer than a path 500 for the prior art spoon 110.
This provides the greater time delay before the impact
disc assembly 400 begins shifting from the water stream,
and allows a greater amount of water to be received by
the spoon 404 than by the prior art spoon 110, each noted
above. More specifically, the first flow portion 450 is
shaped so that a preferred average travel distance there-
through is approximately 1.93 inches, the second flow
portion 452 is shaped so that a preferred average travel
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distance therethrough is approximately 1.05 inches, and
the preferred total water travel distance through the
spoon 404 is approximately inches. In comparison, the
prior art spoon 110 has a total water travel distance of
approximately 2.41 inches. As previously stated, the prior
artspoon 110 has anincluded angle d between its leading
orinitial point 119 of water contact on the first flow portion
112 and the point 121 of its maximum angular distance
on the second flour portion 114, and the preferred angle
d is approximately 85 degrees. To compare, the spoon
404 has a comparable angle A (Fig. 21), approximately
100 degrees.

[0113] The additional length of the spoon 404 also pro-
vides for back-impact restriction or prevention. More spe-
cifically, the second flow portion 452 has an outer surface
510 with a leading point 512 located at an angle i from
the direction of the water stream D20. Prior to the second
impact surface 420 coming into contact with the rotation
shaft, the impact disc assembly 400 will rotate so that
the leading point 512 interferes with the water stream.
The preferred angle y is approximately 100 degrees, and
the preferred amount of rotation required for the leading
point 512 to interfere with the water stream is preferable
approximately 260 degrees.

[0114] With reference to Fig. 16, it can be seen that
the water stream is emitted in direction D20 when the
water stream enters the spoon 404, and the impact disc
assembly 400 position isimmediately after animpact with
a rotation shaft 520 and prior to the impact disc assembly
400 being energized and shifted by the water stream. In
this position, the first impact surface 418 of the bridge
416 is positioned against or close to the rotation shaft
520. Once the impact disc assembly 400 is energized, it
may rotate an angle g, at which point the leading point
512 will interfere with the water stream which is shown
as being in the direction D30. As noted previously, the
directions D30 and D20 have an included angle . Were
the impact disc assembly 400 to rotate the entire angle
g, the rotation shaft is in the position represented by ro-
tation shaft 520’. As can be seen, there is a gap 532
between the second impact surface 420 and the rotation
shaft 520°. Thus the water stream impacting the spoon
404 at the leading point 512 restricts or prevents contin-
ued rotation for the impact disc assembly 400, and the
second impact surface 420 is restricted or prevented from
contacting the rotation shaft 520'.

[0115] As can be seen in Figs. 17 and 18, the spoon
404 is angled from a horizontal plane. This angle allows
the spoon 404 to have a slightly longer flow path 434
within the angular sweep required for the spoon 404 in
the horizontal plane. Accordingly, the initial portion of the
first flow portion 450 including the inlet section 456, the
first arcuate section 468, and a portion of the second and
third arcuate sections 470, 472 are is angled upward.
The third arcuate section 472 curves sufficiently so that
it is re-directed somewhat inwardly so that a portion is
also angled downwardly as the water travels there-
through. The water path from the third arcuate section
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472 flows through a portion of the second curved section
494 of the second flow portion 452, at which point the
water path curves sufficiently to be directed somewhat
outwardly and angles upward. This final angle upward,
at the outlet 432, provides the water with an upward tra-
jectory so that the water is not merely deposited from the
outlet 432 at the base or within a relatively close proximity
to the sprinkler.

[0116] The construction of the spoon 404 provides an
additional benefit over then prior art spoon 110. With ref-
erence to Fig. 20, the prior art spoon 110 is formed by
securing a molded piece 117, including the first and sec-
ond flow portions 112 and 114, as well as a bottom wall
113 shown in phantom and spanning the area bound by
the first and second flow portions 112 and 114. The mold-
ed piece 117, including the first and second flow portions
112 and 114 and the bottom wall 113, is formed and then
secured to the bottom surface of the impact disc 111.
Accordingly, its size is generally limited to the size of the
impact disc 111. Each of the other spoons described
herein, are constructed to have a larger size than the
impact disc to which they are secured.

[0117] To provide for this larger size, the impact
spoons described herein include top and bottom walls
with the flow path for water through the spoon between
the walls. However, itis desirable to minimize the number
of components for the spoons, and to maximize the ease
of construction of the spoon on their respective impact
discs.

[0118] With particular reference to the impact spoon
404 in Fig. 19, the second flow portion 452 of the director
wall 444 is formed by an insert 570 and a wall portion
572. The bottom wall 440, top wall 442, first flow portion
450, and wall portion 572 are formed as a single molded
piece 445 (Fig. 16) that may be secured to, or molded
as a single component with, the impact disc 402. The
insert 570 may then be received through an opening 573
(Fig. 16) formed in the bottom wall 440. The first flow
portion 450 generally terminates at an edge 574 along a
line 576, and the line 576 is generally coincident with an
origin or first edge 578 of the wall portion 572. With this
construction, the single piece 445 is generally a single
molded item securable to the impact disc 402, with the
insert 570 being a separate molded piece that may be
joined with the single piece 445 either before or after the
single piece 445 is joined with the impact disc 402. It
should be noted that the insert 570 may have a step (not
shown) or other structure so that, once the spoon 404 is
secured to the impact disc 402, the insert 570 does not
come out of the opening 573.

[0119] This construction also benefits the water flow
characteristics. The insert 570 has a forward edge 582.
As can be seen in Fig. 19, the water flowing from the first
flow portion 450 to the second flow portion 452 is gener-
ally directed along the direction D28. The forward edge
582 is positioned sufficiently upstream to be positioned
across from the first flow portion edge 547, that is, lateral
with respect to the flow direction D28. This reduces or
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eliminates any back-spray that may result from erratically
flowing water, thus reducing wasted energy, head loss,
or negative pressure on the flow stream.

[0120] In addition, as the construction of the single
piece 445 for the spoon 404 reduces wasted energy,
head loss, and negative pressure. For the prior art spoon
110, it was noted that the single piece 117 is secured to
the impact disc 111. Molded parts often have burrs or
flashing formed on their edges, and the joining of plastic
components often produces weld flashing. When the
edges of the single piece 117 are joined with the impact
disc 111, flashing can produce incongruities that disturb
the flow of water across the joints.

[0121] The spoon 404 and its single piece 445 elimi-
nate or reduce these incongruities. Due to the single
piece molding, the single piece 445 does not generally
have mold edges or weld seams that are in within the
flow path 434 of the water. The bottom and top walls 440,
442 form smoothly contoured transition portions 447 with
the first and second flow portions 450, 452, as can be
seenin Fig. 19 between the top wall 442 and flow portions
450, 452. Accordingly, the detrimental flow characteris-
tics of the prior art spoon 110 are reduced or eliminated.
[0122] Itshould be noted that the back-impact preven-
tion features noted herein are applicable to a wide variety
ofimpact sprinklers. As canbe seenin FIG. 22, a sprinkler
impact arm 600 may incorporate an angled drive plane
602 with the arm 600 such that, beyond a certain rotation,
the drive plane 602 interferes with a water stream emitted
in a direction D40 from a water emission member, which
may be a deflector or a nozzle or both, for instance. At
this rotation amount, the water stream slows the move-
ment of the arm 600 in order to reduce or eliminate back
impact. Again, this interference assists the bias member
or spring with returning the impact assembly (or arm 600)
towards and to a position for impacting a portion on which
the water emission member is located.

[0123] More specifically, the water stream may strike
a first portion 606 of the arm 600 such that the arm 600
rotates in the forward rotation direction ®. When the arm
600 returns, it will strike a stop 608, thereby causing a
short rotation of the stop 608 which is connected to the
water emission member. In order to prevent a second
portion 610 of the arm 600 from contacting the stop 608
and providing a reverse re-alignment to the water emis-
sion member, the drive plane 602 is positioned on the
arm 600 such that a predetermined amount of rotation
causes the drive plane 602 to interfere with the water
stream. Thus, the water stream slows and assists in re-
turning the arm 600 towards the stop 608 in the counter-
rotation direction A.

[0124] The following numbered clauses are also pro-
vided to describe other aspects of the present invention:

1. A rotary sprinkler comprising:

a housing having an inlet for receiving water flow
from a water source; a nozzle in communication
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with the inlet for producing a water stream from
the water flow;

a shaft assembly rotatably supported by the
housing and including a distribution outlet for di-
recting and discharging the water stream from
the sprinkler in a first distribution direction;

a drive assembly for rotating the shaft assembly
in response to receiving a portion of the water
stream for a period of time to relocate the distri-
bution outlet to discharge water from the distri-
bution outlet in a second distribution direction,
the drive assembly including an impact arm hav-
ing an outer surface and a water-receiving sur-
face defining an arm inlet, an arm outlet, a pas-
sageway between the arm inlet and the arm out-
let, and a discharge portion for discharging water
from the arm outlet, wherein the water stream
imparts to the water-receiving surface a first
force in afirst direction to move the drive assem-
bly away from the water stream and a second
force to move the drive assembly toward the
shaft assembly to relocate the distribution outlet,
the water-receiving surface being configured so
that during the period of time the second force
is greater than the first force generally at least
until relocating the distribution outlet.

2. The rotary sprinkler of clause 1 wherein the water
stream from the distribution outlet is discharged di-
rectly to the environment prior to and subsequent to
the period of time, and the water stream from the
distribution outlet is received by the impact arm at
the arm inlet during the period of time, the water re-
ceived by the impact arm is discharged in a stream
by the discharge portion from the arm outlet, and the
first force on the discharge portion forces the drive
assembly to rotatably shift away from the water
stream from the distribution outlet the after the dis-
tribution outlet is relocated.

3. Therotary sprinkler of clause 2 wherein the water-
receiving surface is a continuous surface between
the arm inlet and the discharge portion.

4. The rotary sprinkler of clause 3 wherein the con-
tinuous surface includes at least a curved portion
directing water flowing through the spoon through in
afirst flow direction generally along a first plane, and
the discharge portion includes a discharge surface
directing water in a second flow direction generally
along a second plane.

5. Therotary sprinkler of clause 1 wherein the impact
arm is generally S-shaped.

6. The rotary sprinkler of clause 1 wherein the water-
receiving surface includes a first curved portion with
a generally constant radial distance from a center of
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rotation of the drive assembly.

7. The rotary sprinkler of clause 6 wherein the first
curved portionis continuous with adischarge surface
of the discharge portion.

8. The rotary sprinkler of clause 6 wherein the water-
receiving surface includes a second curved portion
continuous with a discharge surface of the discharge
portion, and the first and second curved portions are
positioned on respective sides of the passageway.

9. The rotary sprinkler of clause 1 wherein impact
arm includes an impact wall including the water-re-
ceiving surface, an upper wall, and a lower wall, the
water-receiving surface including first and second
water-receiving portions having respective first and
second curved portions positioned on respective
sides of the passageway, the second curved portion
is continuous with a discharge surface of the dis-
charge portion, and the impact wall, upper wall, and
lower wall are formed integral.

10. The rotary sprinkler of clause 9 wherein the drive
assembly includes an impactdisc having amass and
aradius from a center of rotation of the drive assem-
bly, and the impact wall, upper wall, and lower wall
of the impact arm is formed integral with the drive
assembly.

11. The rotary sprinkler of clause 10 wherein the im-
pact arm includes an insert spanning between the
upper and lower walls, the insert having an insert
water-receiving surface continuous with the second
water-receiving portion of the impact arm.

12. The rotary sprinkler of clause 11 wherein at least
a portion of the insert water-receiving surface and at
least a portion of the first water-receiving portion are
positioned along a line transverse to a direction of
water flow through a portion of the passageway.

13. Therotary sprinkler of clause 1 wherein the water
flow from the water source has a pressure in the
range of 20-60 psi.

14. A rotary sprinkler comprising:

a housing having an inlet for receiving water flow
from a water source;

a nozzle in communication with the inlet for pro-
ducing a water stream with a flow rate;

a shaft assembly rotatably supported by the
housing and including a distribution outlet for di-
recting and discharging the water stream from
the sprinkler in a first distribution direction;

a drive assembly for rotating the shaft assembly
in response to receiving a portion of the water
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stream during intermittent energization time pe-
riods to reposition the distribution outlet to dis-
charge water from the distribution outlet in a sec-
ond distribution direction, the drive assembly in-
cluding:

an impact disc having a mass and a radius
from a center of rotation thereof, and having
a first surface for impacting with a portion
of the shaft assembly to rotate the shaft as-
sembly, and having a second surface posi-
tioned a rotational angle from the first sur-
face, and

animpact arm having a water-receiving sur-
face for deriving rotational force in a first di-
rection from the water stream to force the
drive assembly away from the water stream
from the distribution outlet, and having an
outer surface configured to interfere with the
water stream from distribution outlet by ro-
tation of impact disc in the first direction by
an interference angle, wherein the rotation-
al angle is greater than the interference an-

gle.

15. The rotary sprinkler of clause 14 wherein the im-
pact disc includes:

ahubforrotatably supporting the drive assembly
at the center of rotation, and

a bridge connecting the hub with the impact disc
and having the first surface for impacting with a
portion of the shaft assembly formed thereon,
and having the second surface positioned a ro-
tational angle from the first surface formed ther-
eon.

16. The rotary sprinkler of clause 15 wherein the im-
pact disc, the hub, the bridge, and the impact arm
rotate as a single unit.

17. An impact sprinkler comprising:

a body;

a nozzle in communication with a water source
for receiving water and for producing a water
stream with a flow rate;

a shaft assembly rotatably supported by the
housing and including a distribution outlet for di-
recting and discharging the water stream from
the sprinkler in a first distribution direction;

a drive assembly for rotating the shaft assembly
in response to receiving a portion of the water
stream during intermittent energization time pe-
riods to reposition the distribution outlet to dis-
charge water from the distribution outletin a sec-
ond distribution direction, the drive assembly in-
cluding:
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a first surface for impacting with a portion
of the shaft assembly to rotate the shaft as-
sembly,

a second surface positioned a rotational an-
gle from the first surface,

a water-receiving surface for deriving rota-
tional force in a first direction from the water
stream to force the drive assembly away
from the water stream from the distribution
outlet, and

an outer surface configured to interfere with
the water stream from distribution outlet by
rotation of the drive assembly in the first di-
rection by an interference angle, wherein
the rotational angle is greater than the in-
terference angle.

18. A rotary sprinkler comprising:

a housing having an inlet for receiving water flow
from a water source;

a nozzle in communication with the inlet for pro-
ducing a water stream with a flow rate;

a shaft assembly rotatably supported by the
housing and including a distribution outlet for di-
recting and discharging the water stream from
the sprinkler in a first distribution direction;

a drive assembly for rotating the shaft assembly
in response to receiving a portion of the water
stream for a period of time to reposition the dis-
tribution outlet to discharge water from the dis-
tribution outlet in a second distribution direction,
the drive assembly including an impact arm hav-
ing an outer surface and a water-receiving sur-
face defining an arm inlet, an arm outlet, a pas-
sageway between the arm inlet and arm outlet,
and a discharge portion for discharging water
from the arm outlet, wherein the water stream
from the distribution outlet is discharged directly
to the environment prior to and subsequent to
the period of time, and the stream water from
the distribution outlet is received by the impact
arm at the arm inlet during the period of time,
the water received by the impact arm is dis-
charged in a stream by the discharge portion
from the arm outlet, the rotational force on the
discharge portion forces the drive assembly to
rotatably shift away from water stream from the
distribution outlet at the conclusion of the period
oftime, and the outer surface and aninlet portion
of the water-receiving surface are joined in a di-
rection through which water from the distribution
outlet may be directed at the beginning of and
the end of the period of time.

19. The rotary sprinkler of clause 18 wherein the inlet
portion of the water-receiving surface and the outer
surface are joined to form a smooth and small radius
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surface.

20. The rotary sprinkler of clause 18 wherein the inlet
portion of the water-receiving surface and the outer
surface are joined to form a point.

21. The rotary sprinkler of clause 18 wherein the inlet
portion of the water-receiving surface is configured
to receive water thereagainst from the distribution
outlet, and the outer surface is configured so that
water from the distribution outlet does not strike ther-
eon.

22. A rotary sprinkler comprising:

a housing having an inlet for receiving water flow
from a water source;

a nozzle in communication with the inlet for pro-
ducing a water stream with a flow rate;

a shaft assembly rotatably supported by the
housing and including a distribution outlet for di-
recting and discharging the water stream from
the sprinkler in a first distribution direction;

a drive assembly for rotating the shaft assembly
in response to receiving a portion of the water
stream for a period of time to reposition the dis-
tribution outlet to discharge water from the dis-
tribution outlet in a second distribution direction,
the drive assembly including an impact spoon
having an outer wall and a water-receiving sur-
face defining an arm inlet, an arm outlet, a pas-
sageway between the arminlet and the arm out-
let, and a discharge portion for discharging water
from the arm outlet, the impact disc assembly is
rotatable around a center of rotation, the spoon
is located on an impact disc having a mass and
a disc radius from the center of rotation, and at
least a part of the discharge portion is positioned
at a distance from the center of rotation greater
than the disc radius.

23. The rotary sprinkler of clause 22 wherein water
passing through the passageway strikes the dis-
charge portion to exert a torque on the impact as-
sembly in a rotation direction to shift the spoon out
of the water stream.

While the invention has been described with respect
to specific examples, including presently preferred
modes of carrying out the invention, those skilled in
the art will appreciate that there are numerous vari-
ations and permutations of the above described ap-
paratuses and method that fall within the spirit and
scope of the invention as set forth in the appended
claims.
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Claims

1.

A rotary sprinkler comprising:

ahousing (12) having an inlet for receiving water
flow from a water source;

a nozzle (34) in communication with the inlet for
producing a water stream from the water flow;
a shaft assembly (14) rotatably supported by the
housing (12) and including a distribution outlet
(16) for directing and discharging the water
stream from the sprinkler in a first distribution
direction;

a drive assembly (20) for rotating the shaft as-
sembly (14) in response to receiving a portion
of the water stream for a period of time to relo-
cate the distribution outlet (16) to discharge wa-
ter from the distribution outlet (16) in a second
distribution direction, the drive assembly (20) in-
cluding an impact arm (24) having an outer sur-
face (164) and a water-receiving surface (152,
166) opposite the outer surface (164), and de-
fining an arm inlet (100), an arm outlet (168), a
passageway (264) between the arm inlet (100)
and the arm outlet (168), and a discharge portion
(170) for discharging water from the arm outlet
(168),

whereintheimpactarm (24) is disposed on an impact
disc (22) having an outer disc radius from a center
of rotation (150), wherein a portion of the water-re-
ceiving surface (152, 166) at the arm inlet (100) is
positioned at a distance from the center of rotation
(150) greater than the outer disc radius,

wherein the water stream imparts to the water-re-
ceiving surface (152, 166) a first force in a first di-
rection to move the drive assembly (20) away from
the water stream and a second force to move the
drive assembly (20) toward the shaft assembly (14)
to relocate the distribution outlet (16), the water-re-
ceiving surface (152, 166) being configured so that
during the period of time the second force is greater
than the first force generally at least until relocating
the distribution outlet (16).

The rotary sprinkler of claim 1 wherein the water
stream from the distribution outlet (16) is discharged
directly to the environment prior to and subsequent
to the period of time, and the water stream from the
distribution outlet (16) is received by the impact arm
(24) at the arm inlet (100) during the period of time,
the water received by the impact arm (24) is dis-
charged in a stream by the discharge portion (170)
from the arm outlet (168), and the first force on the
discharge portion (170) forces the drive assembly
(20) to rotatably shift away from the water stream
from the distribution outlet (16) the after the distribu-
tion outlet (16) is relocated.
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3.

10.

11.

The rotary sprinkler of claim 2 wherein the water-
receiving surface (152, 166) is a continuous surface
between the arm inlet (100) and the discharge por-
tion (170).

The rotary sprinkler of claim 3 wherein the continu-
ous surface (152,290, 166) includes atleasta curved
portion (280, 282) directing water flowing through
the impact arm through in a first flow direction gen-
erally along a first plane, and the discharge portion
(170) includes a discharge surface directing water
in a second flow direction generally along a second
plane.

The rotary sprinkler of claim 1 wherein the impact
arm (24) is generally S shaped.

The rotary sprinkler of claim 1 wherein the water-
receiving surface (152, 290, 166) includes a first
curved portion (280) with a generally constant radial
distance from a center of rotation (251) of the drive
assembly (20).

The rotary sprinkler of claim 6 wherein thefirst curved
portion (280) is continuous with a discharge surface
of the discharge portion (326).

The rotary sprinkler of claim 6 wherein the water-
receiving surface (152, 290, 166) includes a second
curved portion (282) continuous with a discharge
surface of the discharge portion (326), and the first
(280) and second (282) curved portions are posi-
tioned on respective sides of the passageway (264).

The rotary sprinkler of claim 1 wherein the impact
arm (24) includes an impactwall (164, 298) including
the water-receiving surface (152, 290, 166), an up-
per wall (160), and a lower wall (162), the water-
receiving surface (152, 290, 166) including first and
second water-receiving portions having respective
first and second curved portions (280, 282) posi-
tioned on respective sides of the passageway (264),
the second curved portion (282) is continuous with
a discharge surface of the discharge portion (326),
and the impact wall (164, 298), upper wall (160), and
lower wall (162) are formed integral.

The rotary sprinkler of claim 9 wherein the drive as-
sembly (20) includes an impact disc (22) having a
mass and a radius from a center of rotation (150) of
the drive assembly (20), and the impact wall (164),
upper wall (160), and lower wall (162) of the impact
arm is formed integral with the drive assembly (20).

The rotary sprinkler of claim 10 wherein the impact
arm (24) includes an insert spanning between the
upper and lower walls (160, 162), the insert having
an insert water-receiving surface (152, 290, 166)
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13.

14.

15.

16.

17.

18.
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continuous with the second water-receiving portion
(282) of the impact arm (24).

The rotary sprinkler of claim 11 wherein at least a
portion of the insert water-receiving surface (152,
290, 166) and at least a portion of the first water-
receiving portion (280) are positioned along a line
transverse to a direction of water flow through a por-
tion of the passageway (264).

The rotary sprinkler of claim 1 wherein the water flow
from the water source has a pressure in the range
of 20-60 psi (137.9 - 413.6 kPa).

The rotary sprinkler of claim 1 wherein the water
stream from the distribution outlet (16) is discharged
directly to the environment prior to and subsequent
to the period of time, and the stream water from the
distribution outlet (16) is received by the impact arm
(24) at the arm inlet (100) during the period of time,
the water received by the impact arm (24) is dis-
charged in a stream by the discharge portion (326)
from the arm outlet (168), the rotational force on the
discharge portion (326) forces the drive assembly
(20) to rotatably shift away from the water stream
from the distribution outlet (16) at the conclusion of
the period of time, and the outer surface (164) and
an inlet portion (100) of the water receiving surface
(152, 290, 166) form an acute angle therebetween,
and are joined at an edge (464).

The rotary sprinkler of claim 14 wherein the edge
(464) has a radius.

The rotary sprinkler of claim 14 wherein the edge
(464) is sharp.

The rotary sprinkler of claim 14 wherein the inlet por-
tion (100) of the water receiving surface (152, 290,
166) is configured to receive water thereagainst from
the distribution outlet (16), and the outer surface
(164) is configured so that water from the distribution
outlet (16) does not strike thereon.

A rotary sprinkler comprising:

a housing (12) having an inlet for receiving water
flow from a water source

a nozzle (34) in communication with the inlet for
producing a water stream

with a flow rate;

a shaft assembly (14) rotatably supported by the
housing (12) and including a distribution outlet
(16) for directing and discharging the water
stream from the sprinkler (10) in a first distribu-
tion direction; and

a drive assembly (20) for rotating the shaft as-
sembly (14) in response to receiving a portion
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of the water stream for a period of time to repo-
sition the distribution outlet (16) to discharge wa-
ter from the distribution outlet (16) in a second
distribution direction, the drive assembly (20) in-
cluding an impact spoon (24) having an outer
wall (164) and a water-receiving surface (152,
166) defining an arm inlet (100), an arm outlet
(168), a passageway (264) between the arm in-
let (100) and the arm outlet (168), and a dis-
charge portion (170) for discharging water from
the arm outlet (168), wherein the drive assembly
(20) is rotatable around a center of rotation
(150), the spoon (24) is located on an impact
disc (22) having a mass and an outer disc radius
from the center of rotation (150), and at least a
part of the water-receiving surface (152, 166) at
the arm inlet (100) is positioned at a distance
from the center of rotation (150) greater than the
outer disc radius.

19. The rotary sprinkler of claim 18 wherein water pass-

ing through the passageway (264) strikes the dis-
charge portion (170) to exert a torque on the drive
assembly (20) in arotation direction to shift the spoon
(24) out of the water stream.
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