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cutter 250, then followed by a summary of the cooperative
working of rotary cutter 300 against plate cutter 250 to
achieve solids grinding.

The preferred features of rotary cutter 300 are best under-
stood with reference additionally to FIG. 5A and FIG. 5B.
FIG. 5A is an exterior perspective view of a preferred rotary
cutter of the grinder and cutter assembly of the grinder pump
depicted in FIG. 2; and FIG. 5B is an interior view of the
rotary cutter of FIG. 5A. Referring to FIGS. 5A and 5B,
rotary cutter 300 is provided with a plurality of cutting
blades. At minimum, rotary cutter 300 is provided with at
least two cutting blades spaced at 180 degrees for proper
balance. In one preferred embodiment depicted in FIGS. SA
and 5B, rotary cutter 300 is provided with four cutting
blades 310, 320, 330, and 340 spaced at 90 degree intervals.
It will be apparent that other suitable configurations of rotary
cutter 300 may be provided, such as e.g. three blades spaced
at 120 degree intervals. Rotary cutting blade 300 is further
provided with a shaft bore 301 having a keyway 302 for
mounting on shaft 172 (see FIG. 4A) as described previ-
ously.

Blades 310, 320, 330, and 340 are provided with ground
leading cutting edges 312, 322, 332, and 342, respectively.
In the preferred embodiment, cutting edges 312-342 are
provided with an arcuate shape such that these edges sweep
outward from the central region of cutter 300 and backward,
i.e. in a direction opposite the direction of rotation indicated
by arrows 196. This arcuate shape provides a superior
shearing and scissoring action when such edges cut against
the cutting edges of plate cutter 250 to be described subse-
quently herein. The applicant believes that such a shape also
reduces liquid drag on the rotary cutter during operation,
thereby reducing the torque load on the pump motor 170 (see
FIG. 2).

The details of the preferred construction of blade 310 of
rotary cutter 300 will now be provided, with it being
understood that in the preferred embodiment, each of blades
320, 330, and 340 are identical to blade 310. Referring again
to FIGS. 5A and 5B, cutting edge 312 of blade 310 is formed
at the junction of leading side wall 314 and flat base 316. In
one embodiment, leading side wall 314 is perpendicular to
flat base 316. However, in the preferred embodiment, lead-
ing sidewall 314 is tilted backward opposite the direction of
rotation, thereby forming an acute rake angle 315 with flat
base 316. Rake angle 315 is defined as the angle between
vector 399 directed up the slope of leading sidewall 314 and
vector 398 directed along base 316, with both of such
vectors lying in a plane perpendicular to a tangent to cutting
edge 312 at the particular point on cutting edge 312. Rake
angle 315 is preferably between about 60 degrees and about
90 degrees. In one preferred embodiment depicted in FIGS.
5A and 5B, rake angle 315 is 67.5 degrees.

The provision of blades 310-340 with such acute rake
angles at cutting edges 312342 provides such blades with
better shearing action with plate cutter 250, and with an
effect that pushes shorn solids outward and away from the
cutting edges, to help prevent clogging and/or jamming of
cutter assembly 190. The rake angle also begins a transition
to angled surfaces 311, 313, and 317, which are formed to
streamline blade 310, thereby reducing liquid drag and the
torque load on pump motor 170.

In an alternate embodiment, blades 310-340 are provided
with obtuse rake angles 315. The use of obtuse rake angles
provides a downward force on the solids impinging on
leading sidewall 314, thereby assisting such solids in being
forced through the orifices 286 and 288 (see FIG. 8) of plate
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cutter 250. Such obtuse rake angle 315 is preferably between
about 90 degrees and about 120 degrees.

It will be apparent that flat bases 316, 326, 336, and 346
are all coplanar in order to provide cutting action with
cutting surface 260 of plate cutter 250. Cutting blade 310 (et
seq.) is provided with a first recessed area 318 located
adjacent to flat base 316 on the outer portion of such blade
310, and a second recessed area located adjacent to flat base
316 proximate to the central region of rotary cutter 300.
These recessed areas work cooperatively with exclusion
slots on cutting surface 260 of plate cutter 250 in a manner
to be described subsequently herein.

Referring again to FIGS. 3, 4A, and 5A, rotary cutter is
preferably provided with a counterbore 308 which receives
and provides a shroud for the head of bolt 304 or other
suitable fastener when rotary cutter is fitted and secured to
shaft 172. This shrouding effect is made more beneficial by
the selection of a bolt 304 having a radiused head (e.g. a
pan-head or dome-head bolt or screw) as depicted in FIG. 3
in particular. In this manner, there are no exposed sharp
edges resulting from the fitment of bolt 304 to the assembly.
The applicant has discovered that this is beneficial in that if
a bolt with a head having exposed sharp-edges is used (such
as a hex-head bolt), and such bolt head is exposed rather than
countersunk into recess 308, any stringy fibrous solid mate-
rial present in the liquid to be processed will likely become
wrapped around and entangled with such bolt head, thereby
reducing liquid flow and further loading the pump motor
170.

The preferred features of plate cutter 250 to be presently
described are best understood with reference additionally to
FIGS. 6 A—6D. FIG. 6A is a bottom view of the preferred
volute cover 200 of the applicant’s grinder pump that
includes a plate cutter 250 of the cutter assembly 190. FIG.
6B is a cross-sectional view of the cover of FIG. 6A, taken
along the line 6BCD—6BCD of FIG. 6A; FIG. 6C is an
exterior cutaway perspective view of the cover of FIG. 6A,
cut along the line 6BCD—6BCD of FIG. 6A; and FIG. 6D
is an interior cutaway perspective view of the cover of FIG.
6A, cut along the line 6BCD—6BCD of FIG. 6A.

Referring to FIGS. 6A—6D, bottom cover 200 is com-
prised of plate cutter 250, which is formed as an integral part
of. Plate cutter is formed as an annular boss 252 that extends
downwardly from wall 202 of cover 200. Wall 202 extends
radially outward to an annular region 203, to which is joined
mounting flange 204. Wall 202 preferably includes a plu-
rality of reinforcement ribs 201 on the outer surface thereof.

Plate cutter 250 is further comprised of an apertured wall
254 with cutting ports 270 formed in cutter surface 260, and
apertures or orifices extending from the openings of such
ports 270 through wall 254 to inner discharge surface 256.
In the operation of cutter assembly 190, liquid and ground
up/shorn solids flow through cutting ports 270 into cavity
258 as indicated by arrow 199. In the preferred embodiment
of cover 200 and plate cutter 250, annular cavity 258 is
provided with an impeller eye 251 that is formed at the inner
radial terminus of wall 252. Impeller eye 251, together with
motor shaft bushing 176 and/or annular collar 145 of pump
impeller 140 (see FIG. 4A), forms an annular passageway
into the volute cavity 134 of pump 100. Liquid and homog-
enized solid material flows past impeller eye 251 as indi-
cated by arrow 198 of FIG. 3. Impeller eye is dimensioned
to throttle the amount of liquid allowed to be drawn by
impeller 140 into volute cavity 134, thereby regulating the
maximum load placed on pump motor 170. The optimum
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size of impeller eye 251 will vary with the properties of the
liquid being pumped therethrough and the desired pump
performance.

FIG. 8 is a magnified bottom or exterior view of the cutter
assembly 190, which depicts in particular certain unique
features of cutting ports 270 that provide superior cutting
and grinding of solids. Referring to FIGS. 6 A—6D and FIG.
8, a plurality of cutting ports 270 are formed in cutting
surface 260 of plate cutter 250. Each of cutting ports 270
comprises a recessed entry opening 272 having a perimeter
approximately the shape of'a “FIG. 8,” and a recessed bridge
area 274 that connects adjacent wide openings 276 and 278
in recessed opening 272.

Without wishing to be bound to any particular theory, the
applicant believes that in operation, when rotary cutter 300
is rotating and the cutting blades thereof are rotationally
advancing as indicated by arrow 196 for cutting blade 320
and cutting edge 322, the pump impeller sucks material into
recessed bridge area 274, enabling such material to at least
partially “bridge” or fill the gap between wider openings 276
and 278. At the recessed bridge area 274 (i.e. the “neck” of
the “FIG. 8” of the perimeter of recessed opening 270), on
the side that is toward the direction of rotation of rotary
cutter 300, there is provided a first V-slice cutting edge 282
and a second V-slice cutting edge 284 intersecting at an
angle 280 directed opposite to said direction of rotation.
When the cutting edge 322 of cutting blade 320 passes over
these V-slice cutting edges 282 and 284, any solid material
(not shown) that has dropped into recessed bridge area is cut
and parted in two directions. A first portion of the solid
material is directed to open area 276 and into orifice 286, and
a second portion of the solid material is directed to open area
278 and orifice 288.

Subsequently, as cutting edge 322 of blade 320 advances
further, and encroaches upon orifices 286 and 288, any solid
material that is partially disposed in such orifices 286 and
288 is shorn off as cutting edge 322 passes the trailing edges
287 and 289 of such orifices. Shorn solid material and liquid
that are disposed in orifices 286 and 288 are subsequently
sucked into pump 100 by impeller 140 (see FIG. 3), and
solid shorn material on the exterior of cutting edge 322 are
swept from the cutting surface 260 of plate cutter 250 and
back into the bulk liquid. This unique construction of cutting
ports 270 results in “three cuts per slice” form each passage
of a cutting blade 310-340 over a cutting port 270: a V-slice
cut at V-slice cutting edges 282 and 284, a cut at trialing
edge 287 of orifice 286, and a cut at trailing edge 289 at
orifice 288. The angle 280 of first V-slice cutting edge 282
and a second V-slice cutting edge 284 is preferably between
about 60 and about 120 degrees. In one preferred embodi-
ment depicted in FIG. 8, V-slice cutting angle 280 is about
90 degrees.

In one preferred embodiment of grinder pump 100 and
cutter assembly 190, rotary cutter 300 is provided with 4
blades, cutting surface 260 of plate cutter 250 is provided
with 9 cutting ports, and pump 100 is provided with an AC
motor that operates at 3540 revolutions per minute. Accord-
ingly, in this embodiment of the applicant’s cutter assembly
190, such cutter assembly provides about 372,600 cuts per
minute of operation, and is thus highly effective at grinding
the solid material in a liquid stream. It will be apparent that
numerous other configurations of rotary cutters and plate
cutters may be provided that will provide rapid and effective
size reduction and pumping of entrained solids in a liquid
stream.

The applicant’s cutter assembly is 190 is further provided
with additional features to provide more effective cutting of
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such solids. Referring again to FIG. 6B and FIG. 8, orifices
286 and 288 are preferably conical orifices. Such conical
orifices provide a sharper angle for the cutting and shearing
action with the blades of rotary cutter 300, with much the
same effect as the rake angle 315 (see FIG. 5A) of the cutting
edges of such blades. In addition, such conicity further
serves to limit the amount of liquid inflow allowed to the
pump impeller 140 in conjunction with impeller eye 251 of
cover 200, thereby limiting the maximum hydraulic load on
the pump motor 170. The angle of conicity of orifices 286
and 288 is preferably between about 10 degrees and about 20
degrees. In one preferred embodiment, the angle of conicity
is about 15 degrees, and the entry diameter of conical
orifices 286 and 288 is about 0.190 inch.

Referring again to FIG. 8, the cutting surface 260 of plate
cutter 250 is preferably provided with a plurality of outer
exclusion slots 292. Such outer exclusion slots are prefer-
ably slightly arcuate in shape and are disposed in a direction
that forms an acute angle with the cutting edges 312-342 of
the blades 310-340 of rotary cutter 300, as such cutting
edges pass over exclusion slots 292. Referring also to FIG.
5B, these outer exclusion slots 292 work cooperatively with
the outer recessed areas such as recessed area 318 of blade
310 to outwardly eject any cutting debris that has begun to
accumulate under surface 316. The provision of such
recessed area 318 in blade 310 (et seq.) and outer exclusion
slots 292 prevents the accumulation and binding of any
material between rotary cutter 300 and plate cutter 260. In
the preferred embodiment, the number of outer exclusion
slots 292 provided in cutting surface 260 is equal to the
number of cutting ports 270 provided in cutting surface 260.

Referring now to FIG. 8, FIG. 6A and FIG. 6D, the cutting
surface 260 of plate cutter 250 is preferably also provided
with a plurality of inner exclusion slots 294. Such inner
exclusion slots may also be slightly arcuate in shape and are
disposed in a direction that forms an acute angle with the
shaft bore 253 through wall 252 of cover 200. Inner exclu-
sion slots 292 form channels from shaft bore 253 to at least
several of openings 276 of cutting ports 270. Referring also
to FIG. 5B, these inner exclusion slots 292 work coopera-
tively with the inner recessed areas such as recessed area 319
of blade 310 to inwardly direct any cutting debris that has
begun to accumulate in recessed area 319 into orifice 288.
The provision of such recessed area 319 in blade 310 (et
seq.) and inner exclusion slots 294 also serves to prevent the
accumulation and binding of any material between rotary
cutter 300 and plate cutter 260, making the assembly self
cleaning. In one preferred embodiment depicted in FIG. 6A,
three exclusion slots 294 are provided in cutting surface 260.

Inner exclusion slots 294 and outer exclusion slots 292
may be provided with a relatively small cross-section. In one
preferred embodiment in which plate cutter 250 is 3.4 inches
in diameter, such slots are provided with a width of 0.05 inch
and a depth of 0.09 inch.

Grinder pump 100 is further provided with additional
beneficial features to more effectively pump liquid contain-
ing homogenized solids produced by cutter assembly 190.
Referring now to FIG. 3, and FIGS. 4A and 4B, inner surface
of'wall 202 of cover 200 is provided with a plurality of spiral
grooves 259 formed therein. These spiral grooves 259 spiral
in an outward direction with respect to the direction of
rotation of pump impeller 140, and thus these spiral grooves
259 work cooperatively with the vanes 142 of impeller 140
to outwardly eject any solid debris that begins to accumulate
between impeller vanes 142 and wall 202.

In like manner, the inner surface of wall 152 of cover
motor plate 150 is provided with a spiral groove 159 formed
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therein. This spiral groove 159 also spirals in an outward
direction with respect to the direction of rotation of pump
impeller 140, and thus the spiral groove 159 works coop-
eratively with ribs 144 (see FIG. 4A and FIG. 9) formed on
the upper surface of impeller 140 to outwardly eject any
solid debris that begins to accumulate between such upper
surface of impeller 140 and wall 152.

FIG. 9 is a vertical downward cross-sectional view of a
preferred volute of the applicant’s grinder pump, taken along
line 9—9 of FIG. 1. Referring to FIG. 3 and FIG. 9, the
applicant’s grinder pump 100 is comprised of a volute 134
that has a simple annular shape, without complex pockets or
barriers, or volute shape known as a “cutwater” where solid
debris may accumulate. Liquid and homogenized solids are
swept around the outer circumferential wall 138 of volute
134, and are subsequently discharged out through outlet 136.

It is, therefore, apparent that there has been provided, in
accordance with the present invention, a cutting assembly
for size reduction of solids in a liquid to be pumped, and a
grinder pump comprising such a cutter assembly. While this
invention has been described in conjunction with preferred
embodiments thereof, it is evident that many alternatives,
modifications, and variations will be apparent to those
skilled in the art. Accordingly, it is intended to embrace all
such alternatives, modifications and variations that fall
within the spirit and broad scope of the appended claims.

I claim:

1. A cutting assembly for size reduction of solids in a
liquid to be pumped, said cutting assembly comprising:

a. a drive shaft rotatable in a first direction of rotation;

b. a rotary cutter rotatably engaged with said drive shaft
and comprised of at least a first cutting blade and a
second cutting blade, each of said first and said second
cutting blades including a leading cutting edge
advanceable in said direction of rotation, said leading
cutting edge formed at a junction of a leading side wall
of said blade and a flat base of said blade;

c. a plate cutter comprised of an apertured wall including
an inner discharge surface, and an outer cutter surface,
said outer cutter surface including a plurality of cutting
ports, each of said cutting ports comprising an entry
opening, a first orifice passing through said apertured
wall to said inner discharge surface, and a second
orifice passing though said apertured wall to said inner
discharge surface, said entry opening further compris-
ing:

i) a first V-slice cutting edge and a second V-slice
cutting edge intersecting at an angle directed oppo-
site to said direction of rotation;

ii) a first cutting edge of said first orifice connected to
said first V-slice cutting edge; and

iii) a second cutting edge of said second orifice con-
nected to said second V-slice cutting edge;

wherein when said rotary cutter is rotated in said first
direction of rotation, said cutting blades are rotationally
advanced along said outer cutter surface of said plate
cutter in a shearing action against said first V-slice
cutting edge, said second V-slice cutting edge, said first
cutting edge of said first orifice, and said second cutting
edge of said second orifice of said cutting ports of said
outer cutter surface of said plate cutter.

2. The cutting assembly as recited in claim 1, wherein said
entry openings of said cutting ports of said outer cutter
surface further comprise a perimeter forming a first wide
opening adjacent to said first orifice, a second wide opening
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adjacent to said second orifice, and a recessed bridge area
between said first wide opening and said second wide
opening.

3. The cutting assembly as recited in claim 2, wherein said
first orifice and said second orifice of said cutting ports are
conical orifices.

4. The cutting assembly as recited in claim 1, wherein said
outer cutter surface of said plate cutter further comprises a
plurality of outer exclusion slots, each of said outer exclu-
sion slots forming an acute angle with a first one of said
leading cutting edges of said cutting blades of said cutter
when said first one of said leading cutting edges of said
cutting blades is rotationally advanced past said each of said
outer exclusion slots.

5. The cutting assembly as recited in claim 4, wherein said
outer cutter surface of said plate cutter further comprises a
plurality of inner exclusion slots, each of said inner exclu-
sion slots forming a channel from a shaft bore through said
apertured wall of said plate cutter to one of said cutting
ports.

6. The cutting assembly as recited in claim 1, wherein said
leading cutting edge of each of said first cutting blade and
said second cutting blade has an arcuate shape sweeping
radially outward and back in a direction opposite to said first
direction of rotation.

7. The cutting assembly as recited in claim 6, wherein in
each of said first cutting blade and said second cutting blade,
said leading cutting edge formed at said junction of said
leading side wall of said blade and said flat base of said blade
is formed at an rake angle of between about 60 degrees and
about 120 degrees.

8. The cutting assembly as recited in claim 7, wherein said
rake angle is an acute rake angle of between about 60
degrees and about 90 degrees.

9. The cutting assembly as recited in claim 7, wherein said
rake angle is an obtuse rake angle of between about 90
degrees and about 120 degrees.

10. The cutting assembly as recited in claim 7, wherein
each of said first cutting blade and said second cutting blade
are provided with at least a first recessed area adjacent to
said flat base of each of said first cutting blade and said
second cutting blade.

11. The cutting assembly as recited in claim 10, wherein
said rotary cutter further comprises a third cutting blade and
a fourth cutting blade, each of said third and said fourth
cutting blades including a leading cutting edge advanceable
in said direction of rotation, said leading cutting edge
formed at a junction of a leading side wall of said blade and
a flat base of said blade.

12. The cutting assembly as recited in claim 11, wherein
said plate cutter is comprised of at least four of said cutting
ports in said outer cutting surface.

13. The cutting assembly as recited in claim 11, wherein
said plate cutter is comprised of at least six of said cutting
ports in said outer cutting surface.

14. The cutting assembly as recited in claim 11, wherein
said plate cutter is comprised of nine of said cutting ports in
said outer cutting surface.

15. The cutting assembly as recited in claim 1, wherein
said rotary cutter is comprised of a shaft bore and a coun-
terbore for receiving a head of a fastener.

16. The cutting assembly as recited in claim 1, wherein
said flat base of said first cutting blade and said flat base of
said second cutting blade are coplanar, and wherein said flat
bases of said first cutting blade and said second cutting blade
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have a running clearance with said outer cutter surface of
said plate cutter of between zero inches and about 0.01
inches.

17. The cutting assembly as recited in claim 1, wherein
said plate cutter is integrally formed into a volute cover of
a grinder pump.

18. The cutting assembly as recited in claim 17, wherein
said volute cover comprises a volute wall including an
impeller eye, and wherein an annular cavity is formed
between said apertured wall of said plate cutter and said
volute wall of said volute cover.

19. A grinder pump comprising a housing including a
motor housing portion enclosing a pump motor, and a volute
portion forming a pump volute, said pump volute enclosing
a pump impeller; a volute cover; and a cutting assembly for
size reduction of solids in a liquid to be pumped, said cutting
assembly comprising:

a. a drive shaft rotatable in a first direction of rotation and

driven by said pump motor;

b. a rotary cutter rotatably engaged with said drive shaft
and comprised of at least a first cutting blade and a
second cutting blade, each of said first and said second
cutting blades including a leading cutting edge
advanceable in said direction of rotation, said leading
cutting edge formed at a junction of a leading side wall
of said blade and a flat base of said blade;

c. a plate cutter comprised of an apertured wall including
an inner discharge surface, and an outer cutter surface,
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said outer cutter surface including a plurality of cutting
ports, each of said cutting ports comprising an entry
opening, a first orifice passing through said apertured
wall to said inner discharge surface, and a second
orifice passing though said apertured wall to said inner
discharge surface, said entry opening further compris-
ing:

i) a first V-slice cutting edge and a second V-slice
cutting edge intersecting at an angle directed oppo-
site to said direction of rotation;

ii) a first cutting edge of said first orifice connected to
said first V-slice cutting edge; and

iii) a second cutting edge of said second orifice con-
nected to said second V-slice cutting edge;

wherein when said rotary cutter is rotated in said first
direction of rotation, said cutting blades are rotationally
advanced along said outer cutter surface of said plate
cutter in a shearing action against said first V-slice
cutting edge, said second V-slice cutting edge, said first
cutting edge of said first orifice, and said second cutting
edge of said second orifice of said cutting ports of said
outer cutter surface of said plate cutter.
20. The grinder pump as recited in claim 19, wherein said
plate cutter is integrally formed into said volute cover of said
grinder pump.



