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(57) Abrégée/Abstract:

A wood chipper having a rotatable disc that contains a series of slots that pass through the disc. A primary chipper knife is located
at the entrance of each slot which separates slices from a work piece and directs the slices through the slot. A counter knife unit is
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(57) Abrege(suite)/Abstract(continued):

mounted within each slot for engaging the slices leaving the primary chipper knife to reduce the size of the chips as they move
through the slot. The counter knife unit contains a first series of spaced apart chip contact elements that have a first height to
contact the slices as they leave the primary chipper knife to reduce the size of the slices. The counter knife further contains a
second series of chip contact elements that have a second height that is less than that of the chip contact element in the first series.

Each contact element Iin the second series Is arranged to contact chips leaving the contact elements Iin the first series to further
reducing the size of the chips.
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ABSTRACT

A wood chipper having a rotatable disc that contains a series of slots that pass
through the disc. A primary chipper knife is located at the entrance of each slot which
separates slices from a work piece and directs the slices through the slot. A counter knife
unit is mounted within each slot for engaging the slices leaving the primary chipper knife
to reduce the size of the chips as they move through the slot. The counter knife unit
contains a first series of spaced apart chip contact elements that have a first height to
contact the slices as they leave the primary chipper knife to reduce the size of the slices.
The counter knife further contains a second series of chip contact elements that have a
second height that is less than that of the chip contact element in the first series. Each
contact element in the second series 1s arranged to contact chips leaving the contact

elements in the first senes to further reducing the size of the chips.
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PRIMARY AND COUNTER KNIFE ASSEMBLY
FOR USE IN WOOD CHIPPER

CROSS REFERENCE TO PATENT APPLICATIONS INCLUDING

RELATED SUBJECT MATTER

10001] This patent application includes subject matter that 1s related to subject matter
that 1s included within U.S. Patent Application Serial No. 12/401,930 and titled
“Apparatus for Producing Small Size Wood Chips”, filed March 11, 2009.

[0002] This patent application also includes subject matter that 1s related to subject
matter that 1s included within U.S. Patent Application Serial No. 11/503,811 and titled
“Stationary Bedknife For Disc Chipper Apparatus”, filed August 14, 2006.

FIELD OF THE INVENTION

[0003] This invention relates generally to a wood chipper and more specifically to an
improved counter knife for enhancing the quality of wood chips produced from operation

of a disc type wood chipper.

BACKGROUND OF THE INVENTION
[0004] Disc wood chippers typically contain a shaft 14 for rotating a disc about a
horizontal axis. The disc typically includes a plurality of radially disposed slots.

Primary chipping knives are mounted at the entrance to each slot which extend radially

along the length of the opening. The blade of each primary knife protrudes outwardly

from the front face of the disc in order to slice chips, also referred to as wood chip slices,
from a wooden work piece that is brought into contact with the front face of the disc
while 1t 1s rotating. The wood chip slices leaving the primary knives generally have a
width that can equal the diameter of the material as measured in the plane of the disc at
the chipper’s feed opening and a length that 1s determined by various machine
parameters. The width of the wood chip slices can be greater than the length of the wood

chip slices leaving the primary knife. As a result, these wood chip slices often do not
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lend themselves for use in downstream processing units without further reduction of the
size of the individual wood chip slices. Most machines for further reducing the size of
the wood chips consume a substantial amount of energy.

[0005] Counter knives have been mounted in the slots of some chippers to engage the
chip slices leaving the primary knives in order to further reduce the widths of the slices.
These counter knife devices are generally not very efficient and fail to utilize a
substantial portion of the energy that is carried by the chip slices leaving the primary
chipping knife.

SUMMARY OF THE INVENTION

[0006] It is therefore an object of the present invention to improve the design of
rotary disc wood chippers.

[0007] A further object of the present invention is to produce chips of a reduced size
in a rotary disc chipper without the expenditure of additional energy.

[0008] A still further object of the present invention is to provide an improved
counter knife system for use in a rotary disc chipper.

[0009]  Another object of the present invention 1s to produce chips of a relatively
small uniform size within the chip slots of a rotary disc chipper, and the same principles
taught herein can be applied to a wide variety of disc chipper primary knife holding
systems as well as to drum chippers that operate on very similar engineering principles.
[0010]  These and further objects of the present invention are attained by a counter
knife system that 1s mounted within each of the chip slots of a rotary disc chipper. The
system includes a first series of spaced apart chip contact elements having a first height
that are mounted 1n each chip slot for engaging chip slices coming off the primary knite
to reduce the size of each slice. A further second series of spaced apart chip contact
elements having a second height that is less than that of the first chip contact elements in

the first series that are arranged to contact the chips leaving the first series of chip contact

elements to further reduce the size of the chips.

22047316.2 -2-
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BRIEF DESCRIPTION OF THE DRAWINGS

(0011} The objects and features of the invention can be better understood with
reference to the claims and drawings described below. The drawings are not necessarily
to scale; the emphasis 1s instead generally being placed upon illustrating the principles of
the invention. Within the drawings, like reference numbers are used to indicate like parts
throughout the various views. Differences between like parts may cause those like parts
to be each indicated by different reference numbers. Unlike parts are indicated by
different reference numbers.

[0012] FIG. 1 is a perspective and external view of a rotary wood chipper that
embodies the teachings of the present invention;

[0013] FIG. 2 1s an enlarged partial view of a rear face of a rotatable disc including a
plurality of chip slots.

[0014] FIG. 3A 1s a further enlarged cross sectional view taken along lines 3-3 in Fig.
2 showing a cross sectional view of a chip slot excluding primary chipping and counter
knifes, and counter knife carriage.

[0015] FIG. 3B 1s a further enlarged cross sectional view taken along lines 3-3 in Fig.
2 showing a cross sectional view of a chip slot including primary chipping and counter
knives, and counter knife carriage.

[0016] FIG. 4 1s an enlarged partial perspective and cross sectional view showing a
mounting arrangement for the primary chipping and a counter knives.

[0017]  FIG. 5 1s a side elevation showing a support bracket (carriage) for mounting a
counter knife unit within a chip slot of the rotatable disc.

[0018] FIG. 6 1s a partial view taken along line 6-6 in Fig. 5.

[0019]  FIG. 7 is an enlarged perspective view of one embodiment of a counter knife
unit embodying the teachings of the present invention.

[0020] FIG. 8 is a partial perspective view showing a counter knife segment suitable
for use in the present invention.

[0021]  FIG. 9 1s a partial perspective view showing a further embodiment of a

counter knife arrangement suitable for use in the present invention.

22047316.2 -3 -
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[0022] FIG. 10A is an enlarged side view depicting a typical wood chip slice as it

leaves the primary knife of a wood chipper.
[0023] FIG. 10B depicts a typical chip size as it leaves the first series of chip contact

elements contained in the present counter knife unit; and
[0024] FIG. 10C depicts a typical chip size as it leaves the second series of chip

contact elements contained in the present counter knife unit.

DESCRIPTION OF THE INVENTION

[0025] Turning initially to FIGS. 1-7, there is illustrated a wood chipper generally
referenced 10, that embodies the present invention. The wood chipper includes a rotary
disc 12 that is supported upon a horizontal shaft 14 within the machine frame. The shaft
14 is supported by a bearing 15 that is mounted upon the frame 13 and driven by a motor
(not shown). The motor drives a shaft that is coupled to the horixontal shaft 14 of the
wood chipper. A horizontally disposed feed spout 16 is located below the shaft 14 and
arranged to conduct wooden work pieces into contact with the front face 17 of the disc.
The disc is enclosed within a protective casing generally referenced 18. A portion of the
casing 19 is shown moved back in Fig. 1 to reveal the front face 17 of the disc. A series
of spaced apart, radially disposed chip slots 20 are formed through the disc between the
front face 17 and the rear face 21 (Fig. 3) of the disc.

0026} As best illustrated in FIGS. 2-4, a primary chipper knife 23, also referred to as
the primary knife 23, is mounted at an entrance of each chip slot 20. The primary knite
23 includes a sharp tip 23a. The chip slot includes a radial wall 24. The primary knife 23
is arranged to slice chips of wood away from wooden work pieces (not shown) that are
brought into contact with the front face 17 of the rotating disc via the feed spout 16. A
sharp edge of the primary knife, also referred to as the primary knife blade, directs the
chip slice into and through an associated slot 20 by centrifugal forces generated by the
rotating disc, as well as by shearing forces of the primary knives acting on the chip slices
cut from the wood work pieces, and by any gravitational (for chippers arranged with logs

fed by gravity) or log infeed conveyor forces (wood work piece powered conveyance to

the chipper not shown in figures) acting on the wood work pieces.

22047316.2 -4 -
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[0027] Within each slot, a counter knife unit 25 is mounted adjacent to the primary
knife 23 in order to engage each of the wood slices leaving the primary chipper knife 23.
Both the primary chipper knife 23, also referred to as the primary knife 23 and the
counter knife 25 are supported upon a support bracket, also referred to herein as a
carriage 30, that is mounted to the disc 12 within a cavity 31 along the radial interior wall
24 within each slot 20. The cavity 31 is also referred to herein as a V-shaped opening 31.
The cavity 31 includes a base surface 32 that runs generally parallel to the front 17 and
rear 21 surfaces of the disc 12 and an inclined wall surface 33 that forms an acute angle
relative to the front surface 17 of the disc.

[0028] Referring to FIGS. 3A-3B, the counter knife 25 abuts an interior facing
surface, also referred to as a rear surface of the primary chipper knife 23, while both
knives 23, 25 are installed within the chipper disc 12. The counter knife 25 1s held within
a notch 40 that is located on the carriage 30, by a plurality of screws 41 (not fully shown)
that pass through the counter knife 25 and that are threaded into a wall of the carriage 30.
[0029] The rear surface of the primary chipper knife 23 rests against an inclined
portion 67 and inclined portion 68 of the carriage 30. The inclined portion 67 being
adjacent to the notch 40 of the carriage 30. The carriage 30 can further include a V-
shaped notch 38 that is located between inclined portion 67 and inclined portion 68 of the
carriage 30. The V-shaped notch 38 enables easier removal of the carriage 30 from the
disc 12 by providing more room to negotiate movement of the carriage 30 around the tip
43a of the front section 43 and holder for the primary knife blade 23 during installation
and removal of the carriage 30 from the disc 12. (The primary knife blade 23 1s first
removed from the assembly to permit removal of the carriage 30). The rear surface of the
primary chipper knife (blade) 23 is in coplanar alignment with inclined surfaces 67 and
68 of the carriage 30. The primary knife 23, as assembled and installed, resides in a
notch 42 formed in the inclined wall 33 of the chip slot side of the primary knife blade
holder 43 also called the front section of the disc within the cavity 31.

[0030] As illustrated in Fig. 3B the disc 12 includes a front section and primary knife
blade holder 43 and a rear section 44. The two sections are held together in face to tace
contact by a plurality of bolts 45 that pass through clearance holes 46 in the rear section
44 and that are threaded into the primary knife blade holder 43 and front section 43 of

22047316.2 -5 -
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the disc. Pressing and tightening the two sections together causes the cut out 35 in the
base of the carriage 30 to receive and capture the raised boss 34 in the triangular shaped
cavity 31 adjacent to the raised boss 34 in order to properly position the carriage 30 in the
cavity 31 as the front 43 and rear 44 sections are brought together into one assembly. As
shown 1n FIG. 5, the carriage 30 includes a side wall 37 that 1s oriented substantially
parallel (typically within +/- 20 degrees) to the longitudinal axis 65.

[0031] A second series of bolts 47 are passed upwardly through the rear section 44 of
the disc 12 and are mated with threaded inserts 48 that are press fitted into the raised boss
34 located proximate a radial wall of each slot 20. Turning the bolts 47 in the threaded
inserts advances the bolts into contact with the base wall 36 of the associated carriage 30
and thus driving the carriage 30 and the primary and counter knife blades 23, 25
supported thereon into arresting contact against the inclined wall 33 within the cavity 31
and thus locking the blades 23, 25 1n place.

[0032] The geometry of a first embodiment of the counter knife unit 25 is shown in
greater detail in FIGS. 5-7. As best illustrated in FIGS. 5 and 7, the counter knife unit 25
includes a number of aligned coplanar sections 51, each of which is secured to the
carriage 30 as described above by means of screws 41 (See FIG. 3) that are seated within
countersunk holes 52-52. Each section of the counter knife 25 includes a rectangular
pedestal 53, that has a series of contact elements 59, also referred to as cutting elements
59, that are located along a top edge of the pedestal 53.

[0033] The contact elements 59 include a first series of cutting elements 54a-54h,
also referred to herein as blade teeth 54a-54h, that extend upwardly from the pedestal 53
to a first height and which each terminate with a linear cutting edge 55a-55h that passes
across the width of the pedestal 53. When the counter knife 25 is mounted upon the
carriage 30, the cutting edges 55a-55h of the cutting elements 54a-54h-are arranged to
engage wood chip slices as they leave the primary knife 23. In response to the speed of
the rotating disc 12 the wood chips that engage the cutting edges 55a-55h possess a
substantial amount of kinetic energy and as a result, are either sliced or broken into a

smaller chips that each have a width that 1s about equal to the distance (D) that separates

each of the adjacent cutting edges 55a-55h.
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[0034] A second series of shorter chip cutting elements 56a-56h are also supported
along the top edge of the pedestal 53. Each shorter cutting element 56a-56h, like 1ts taller
counterpart 54a-54h, includes a linear cutting edge 57a-57h that also extends across the
top edge of the pedestal 53. Each of the shorter cutting elements 56a-56h occupies space
between two adjacent taller chip cutting elements 54a-54h. The shorter cutting elements
J6a-56h are situated so that they engage wood chips leaving the first series of chip
contact elements 54a-54h to further reduce the size of the processed wood chips.
Preferably the cutting edges 57a-57h of the shorter cutting elements 56a-56h are
parallelly aligned with the cutting edges 55a-55h of the taller cutting elements 54a-54h
and are arranged a given distance (d) from a cutting edge of one of the adjacent taller
cutting elements 54a-54h such that the wood chips that are engaged by the shorter cutting
elements 56a-56h are each generally bisected into (2) approximately equal sized pieces.
The distance ‘d’ may vary from machine to machine depending upon the varying
operating characteristics of the machine.

[0035] As noted above, counter knife 25 systems utilizing chip contact elements of a
single uniform height are known and employed in the prior art. In these prior art systems,
the chips slices leaving the primary knife contain an amount of energy only a portion of
which 1s consumed as the chip slice passes into the contact elements of the counter knife
25. In addition, a portion of the wood chips in process tends to slide over the contact
elements thus producing incomplete chip separation and resulting in wood chips of a non-
uniform size and shape. The presented system described herein overcomes some of these

disadvantages in that the multi height arrangement of the contact elements more
efficiently utilizes the available energy and uniformly distributes the energy over the
blade array to produce more complete and uniform separation and sizing of the processed
wood chips.

[0036] As 1llustrated in Fig. 10A-10C, the ribbon like wood chips 60 leaving the
primary knife 23 will have a width ‘W’ that is determined by the size and shape of the
work piece as well as the machine’s operating parameters. The length ‘L’ of the ribbon
will remain fairly constant.

[0037] In the preferred embodiment of the invention as described above, the spacing

between the wood chip contact elements in the first tier of higher chip contact elements

22047316.2 7.
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54a-54h is maintained at a distance that is about twice the final desired width of chip
which could be selected to be more or less equal to the length of the ribbon so that
generally rectangular chips 61 are for instance produced having a width that 1s about
twice the length of the chips width. By locating the chip contact elements of the second
lower tier of elements 56a-56h about midway between the elements in the first higher
tier, the wood chips leaving the first higher tier of elements are substantially bisected into
(2) pieces and thus in this instance producing wood chips 62 having length that
substantially equals the desired wood chip width. It has been found that this arrangement
of tier and chip contact element spacing provides for an efficient and equal distribution of
available energy between tiers of cutting elements and results in the production of more
uniform sized and higher quality wood chips.

[0038] It has been further found that the effectiveness of the multi tiered wood
cutting design can be further enhanced by inclining the chip contact elements toward the
direction of rotation of the disc as well as angularly offsetting the elements to one side or
the other of longitudinal axis 65 of the chip slots 20. Angular offsets of 20° to either side
of the slot axis can be tolerated by the system. As shown in FIG. 5, an angular offset 69
is shown to be within 20° of the longitudinal axis 65 of the slot 20.

[0039] Fig. 8 and 9 illustrate a further embodiment of the invention in which another
embodiment of a counter knife unit 70 contains cutting elements 1n a three tier
arrangement wherein the height of cutting elements vary from tier to tier. As shown 1n
Fig. 8, the counter knife 70 in this embodiment is similar in construction as that shown in
Fig. 6 in that a group of (3) three chip contact elements 71a, 72a and 73a are mounted 1n
a side by side relationship in descending order upon a rectangular shaped support
pedestal 75. As shown, the counter knife 70 includes (3) groups 71, 72 and 73 of chip
contact elements where each group includes (3) chip contact elements 71a-71c, 72a-72c
and 73a-73c. Here again this embodiment of the counter knife 70 1s mountable within a

carriage 30 and is arranged so that the ribbon shaped wood chips that are sliced from a
work piece by the primary knife blade 23 move in a series of three steps through the

counter knife 70 unit to provide a relatively smaller and higher quality chip as compared

to typical prior art produced wood chips.

22047316.2 -8 -
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[0040] Turning now to Fig. 9 there is shown still another embodiment of the
invention in which the counterblade unit 80 comprises an upper knife 81 and a lower
knife 82. The upper knife contains a first series of contact elements 83a-83f that are
arranged to imitially contact chip slices leaving the primary knife 23 and to separate the
slices into chips having a length that is defined by the spacing between the contact
elements 83a-83f.

[0041)  The lower knife 82 contains a second series of chip contact elements 85a-85f
and a third series of chip contact elements 86a-86f. Each contact element 86a-86f in the
third series 1s positioned between two of the contact elements 85a-851 in the second series
of elements and 1s shorter in height than the neighboring elements 85a-85f. The second
tier of chip contact elements 85a-85f are arranged to engage the chips leaving the first tier
of contact elements and the third tier of contact elements 86a-86f are arranged to engage

the chips leaving the second tier of contact elements 85a-85f.
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PART LIST

[0042] The following Parts List summarized drawing reference numbers used within
the invention description.

10 wood chipper

12 disc

13 frame

15 bearing

16 feed spout

17 front face

18 protective casing
19 casing

20 chip slot

21 rear face

23 primary knife or primary chipper knife
24 radial wall

25 counter knife unit
30 carriage

31 v-shaped opening
32 base surface

33 inclined wall

34 raised boss

35 cut out

36 base wall

38 V-shaped notch
40 recessed notch

41 SCTEWS

42 notch

43 front section or primary knife blade holder
43a tip area

44 rear section

45 bolt

22047316.2
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46

47

48

51

52

53
S4a-54h
55a-55h
S6a-56h
57a-57h
59

60

61

62

65

67

63

69

70

7T1a

712a

13a

75

80

81

82
83a-83f
85a-851

86a-861
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clearance hole

bolt
threaded inserts

coplanar sections

counterbored holes

pedestal
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cutting elements (also referred to as blade teeth 54a-54h)

cutting edges
cutting elements
cutting edge
contact elements
wood chips
rectangular chips
wood chips
longitudinal axis
inclined portion
inclined portion
angular offset
counter knife unit
contact element
contact element
contact element
pedestal
counterblade unit
upper knife
lower knife
contact elements

contact elements

contact elements
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[0043] While the present invention has been explained with reterence to the structure

disclosed herein, it is not confined to the details set forth and this invention is intended to

cover any modifications and changes as may come within the scope and spirit of the

5  following claims.
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CLAIMS

1. Apparatus for producing wood chips that includes:

a rotatable disc having a series of spaced apart radially extended slots passing between a
front face and a rear face of said disc;

a primary chippcr knife mounted along a radial wall of each slot at the entrance to said
each slot for slicing chips from a wooden work piece that is placed in contact with the front face
of said disc and directing said chips into said each of said slots;

a counter knife unit mounted within each of said slots behind said primary chipper knife:

said counter knife unit further including a first series of chip contact elements each
having a first height for initially engaging chips leaving said primary chipper knife to reduce the
size of said chips;

said counter knife unit further including a second series of chip contact elements each
having a second height that is less than the height of said first chip contact elements and being
arranged to engage said chips leaving said first series of contact elements to further reduce the

size of said chips.

2. The apparatus of claim 1 wherein each chip contact element contains a linear bladc for

engaging chips as said chips move through said slots to reduce the size of said chips.

3. The apparatus of claim 2 wherein said blades are inclined toward the direction of

rotation of said disc.

4. The apparatus of claim 3 wherein each blade contains a linear cutting edge that is

generally aligned along the longitudinal axis of each slot.

5. The apparatus of claim 3 wherein each blade contains a linear cutting edge that is

offset from the longitudinal axis of each slot at an angle of between 0° and 20°.

6. The apparatus of claim 2 wherein the first and second series of chip contact elements

are 1ntegrally attached to a common base.

~13 -
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/. The apparatus of claim 6 wherein each of the chip contact elements in said second

series are situated between a pair of chip contact elements in said first scries.

8. The apparatus of claim 7 wherein each of said chip contact elements in said second
series 1s arranged to contact chips leaving said first series of chip contact elements about midway

along the width of the chips leaving said first series of contact elements.

9. The apparatus of claim 2 wherein said chip contact elements of said first series arc
mounted upon a first base and said chip contact elements in said second series of contact

elements are mounted upon a second base.

10. The apparatus of claim 9 wherein said second base is mounted in contact with said

first base.

11. The apparatus of claim 1 that {urther includes a third series of chip contact elements
cach having a third height that is less than said second height of the chip contact elements in said
second series of chip contact elements and which are arranged to engage chips leaving said

second series of chip contact elements to further reduce the size of said chips.

12. The apparatus of claim 11 wherein each of the chip contact elements in said third
series 1s sttuated between one of the chip contact elements in said second series and one of the

chip contact clcments in said first series.

o 14-
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13. A method of producing wood chips within a wood chipping machinc having a
rolatable disc that contains radially disposed slots that pass through said disc, said method
including the steps of:

mounting a primary knife at the entrance of each slot for separating chips from work
pieces that are brought into contact with said rotating disc and directing said chips through said
slot;

mounting counter knife unit within each slot downstream from said primary knife;

providing said counter knife unit with a first series of chip contact elements for engaging
the chips slices leaving said primary knife to reduce the size of said chips;

providing said counter knife unit with a second series of chip contact elements for
engaging chips leaving the said first series of contact elements to furthcr reduce the size of said

chips.

14. The method of claim 13 wherein each chip contact element contains a linear blade

for engaging chips as said chips move through said slots to reduce the size of said chips.

15. The mcthod of claim 14 wherein each satd linear blade is inclined toward the

direction of rotation of said disc.

16. The method of claim 15 wherein each said linear blade contains a linear cutting edge

that 1s generally aligned along the longitudinal axis of each slot.

17. The mcthod of claim 15 wherein each said linear blade contains a linear cutting edge

that is offset from the longitudinal axis of each slot at an angle of between 0° and 20°.

18. The method of claim 14 wherein the first and second series of chip contact elements

are 1ntegrally attached to a common base.

19. The method of claim 18 wherein each of the chip contact elements in said second

series are situated between a pair of chip contact elements in said first series.

15 -
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20. The method ot claim 19 wherein each of said chip contact elements in said second
series 1s arranged to contact chips leaving said first series of chip contact elements about midway

along the width of the chips leaving said first series of contact elements.

21. The method of claim 14 wherein said chip contact elements of said first series are
mounted upon a first base and said chip contact elements in said second series of contact

elements are mounted upon a second basc.

22. The method of claim 21 wherein said second base is mounted in contact with said

first base.

23. The method of claim 13 that further includes a third series of chip contact elements
each having a third height that 1s less than said sccond height of the chip contact elements in said
second series of chip contact elements and which are arranged to engage-chips leaving said

second series of chip contact elements to further reduce the size of said chips.

24. The method of claim 23 wherein each of the chip contact elements in said third series

1s situated between onc of the chip contact elements in said second series and one of the chip

contact elements 1n said first series.

-16 -
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