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CUTTING APPARATUS WITH MULTHDIRECTIONAL CUTTING ELEMENT

Federal Funding Legend
This invention was pot oreated wsing federal funds,
Crogs-Referencs to Related Ap’g&iststiﬁn

apication serial Ne. éﬁ@&i}s%ﬂ filed o Jannary 20, 2016,

FIELD OF THE INVENTION

The present invention genewslly velatex o a novel cutbing spperatus. Muore specifically,
the present invention relstes fo a novel cutiing spparatus that provides for cutting by at least tag

different divections of movement.

BACKGROUND

Conventional cotting wools nclude, for sxample, saws for cutting tough muderialy, O the
many variehies of spws thal see availeble, power-driven saws arg often tsed because they are
desiguad to provide more uiility while requiving less human effort, Examples of powerdriven
saws includs, but ave not Tnted o, chainsaws, cvalar saws, and bangd saws, These types of
saws ave used b}f all sorts of individusals, both professionally and domestically, to assist with 8
yvarlety of tasky inchuding, for exampls, brush cleering, timber cotting, carpentey, as wall ag
habby-related activities,

A typioal, conventional chaingaw may be ;ts»t;\?‘v*@wci by either & small imternad combustion
enging, such as a two-steohe, alp-cooled engine on, i xome cases, an eleciric moter. Usually,
chainsaw motors include o shaft which deivies a sprocket. The sprocket miay be comnested to the
shaft vix 8 cloteh mechanism. An endless chaln is deiven by the sprocket within a channgd along
the oumfer perimeter of an olongaty chatsaw bar. The endless chain commonly eludes o
plorality of links that include culting clements as well ax raker testh, which controd the depth of 8
given out. The cutting cloments avd raker tweth of the chain project owtwardly away from the bay,
while sprocket deive links sxtend downwardly fte the longitudinad channel or groove within the

chainsaw bar The cofting cloments and ralter testh are Inforconnested by Hok amms via
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connecting mechanisma sach ax plos or rivels. The Interconunectivity of these elements sllows the
chain t© be contbmcusly dviven arcund the chalnsaw bar due o the interaction of the sprocket
drive links with the sprockst. The chaln of a cheinsaw s very important in thet # significantly
atfects the overall effectiveness of the device, Problems ardse with conventional saws when the
chain's cptting sloments beoome dull or damaged as the result of normal weae and tear o,
perhaps, upon shoowtering a1 hard object such us & nadl or @ rocks In thwes and similar
cirowmstances, the chain wmust he removed It order 1o sharpen the sutting swrfaces of the cutting
slements, of the chain wmust be replaced entirely with 8 now one. The new ot repaired chaln wust
then be rsinstalled on the chelusaw bar. Oflentimes while pecformndng these mandatory
maintenmnee tasks, users, particnlarly luss experienced nsers, voinstall the chain backwards sp
that the cutling slements will not cut effectively, i they out at all. Additionally, the process of
having to remove the chain, sharpen the cutting surfaces, and veinstall the chein or replace the
chatnt requives sebstautial tme and intovruption of the task ot hand, and makes the axe of the
chainsaw wove cutrbersome than necessary. Nimilar problews avise with other types of powers
driven saws 95 the cutting clements on their hades becoms dull o damaged, requiting re-
sharpening sundfor replacement,
Some chainsaw chains have been designed with two seis of cuting clements that ave
ovionded In two separste and gponerally opposing dirsctions 80 that when one set of ontting
clements wears out andfor gets damaged, the chaln may be rmanoved and reingsialled B the
opposite ortsatation, tereby sxposing the seoond sot of putting elements which ware proviowsly

et B setbes cutting posiiions. Soch an arsangement & sl problematic in that each set of cutting

J

slements comprizes abowt half of the nunder of cutting elomants of & regular chain, therehy
forcing the chainsaw 1o require two revelutions © cut the same amowt of material as 8 nomvally
would with st one rovolution meaning it has 0 work twice as hard ov projects take twice as
much time to mmpiats‘:.

Thus, thers 8 wificant and fong-standing nead s the avt for 8 culting apperatus that is
power-driven Emfimﬁﬁg bt not Hmited to saws, for & loager peried of time befive sintevancs
tasks are required. Additionally, there v 3 significant and bwg-standing veed in the art for sush a
cufiing apparstus 0 mainisin a relabively bigh efficiency of use and to comyprise chatus, hlades or

similar cutting means that are sasier 1o replacs, install or & combination thergod,

£
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SUMMARY OF REFRESENTATIVE EMBOUDIMENTS OF THE INVENTION

in a preferved ewbodiment, the present fnvestion is directed to a cutling appavatus,
cennprising 2 plurality of cutting elomonts, wherein cach colting olement comprises a cutling
element body, a autting element tooth, or both, whergin the cutting elomenis ars configured with

at least two cutting surfaces oriented in at least two differeat divections, thershy 3 allowing a single

cutting apparatus to sufficiently penetrate a substance vis woving I at least two difforemt
directions defived by the different divections of orvientation of the cutting surfaces.

I another embodiment, the cuiting apparstus further comprises & loadt one partially
flexible clongated cloment, whersin the clongated clement allows sttachment of more than one
cutting slernents to form a continuous chein of colting elements, wherein the cutiing olement is
avvanged on the flexible elongated element in 3 manner so that at least two cutting surfaces face
substantially opposiie directions, and whereln the cntting spparatus is configured 1o ywove In g
substantially revolving motion 1o sllow the cutting surfcss oriented in one direction to sngage at
a thme in a cutting position.

In another related embodiment, cach of the cutting slements is pivotally attached o0 a
sprocket drive Hak as well as 8 conneeting Huk ans o connect to an adjacent sprocket drive Hok
andfor an adjacent cuiting clement, thereby creating ¢ seies of nterpormected cutting elernenis
and sprovket drive Hnks slong the slongated eloment.

In yet anothey related embaodiment, the clongated slement s removed from the cutting
apparatus and reinstalled in the opposing srientation to engage the cuttings surfaces oriented in
the opposing directinn,

~In further yet apother related smbodiment, the slongated clement is adjusted between the
first and ssvond revolving divections by reversing the direction of applied foroe from a power
sorce that deives the slongated slement about the cutting apparatus o @ portion thereaf.

In vet another velated embodiment, af least one sprocket link deive is designed to move in
the divection in which the cuttiag surfsce is orierted, at least one sprocket link drive s designed
to move in g direction appasite to the orientation of the cutting surface, or both,

Ta stil] vet avother related smbodiment, the cutiing element oounprises af least one rker

tooth that converges distally from the cutting element body at a sharp Hp ead.

LS
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" In avother related smbodiment, the cunting eloroent body comprises at kast one oponing.
whereln the opening allows one culting clenent fo be movably attached © snother cutiing
shement by means of g partinlly floxible slougated clement

In yet another related embodiment, the cutting swrface is curved or U™ shaped, wherein
the cutting surfucs is & blade, edge, tooth, ridge, noteh, groove or a combination thereaf,

In still yer another related smbodiment, the culting tooth Is & L-shaped protrusion that
projects upveardly and oubwardly Son the cutling slement bady,

In further yel snother related ombodimers, the cutting surfiee Is ovignted In same
divection or substantially oppostie direction on opposing distal ends of the entting elowment,
cuiting elesnont body, putting eloment tooth or a pombinstion thereof

in still further another related embodinent, the cuthing clorments cam be moved by an
sternal combustion enging, an slotrical motor, 3 human applicd fores or other powsr source, o1
a sombination therend.

in another related ewbodiment, the cutling spparatus comprises & phlurality of suiting
eloments protruding from a single body, wherein the cutting slement is @ blade,

I yet another related smbodiment, the body or the hlade conywises an slongated or

¥
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fesign,

In still yet snother relaged fsm‘mc}zmm the colting sppevatus is a chalnssw, a siroular

saw, » band saw, Jigsaws or tiger saws.

i further vet another related ewbodiment, the gpparstus oonprises at loast two sets of
ontting slements, whereln one set of coiting elements comprises cutting surfaces ovienied In a
{irst direction so #s to by engaged when the apparatas moves In s first ontting direction against &
material o be oot and wheretn the seoond sob of cutting eloments comprives sulting surfages
orimrted in a second divestion so ax to be engaged when the cutting spparatus moves In 8 second
cutiing divection againet the matetial to be aut

In snother related embodiment, the appamius comprises additions! setx of sutting
clements that comprise putting surfaces oriented in additipnal directions.

3

In vet another related embodiment, the cutliog spuaratus conprises 2 single set of ontting

e

cloments with sach cutting elemuant comprining af least two cutting suwrlaces orlented in different

directions;
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Irostill yet another rolated enbodiment, the culting swiaces are orlented in opposing
directions.

I another related embodivoent, the cutling appsralos somprises dati-kiekback fatare
whergin at least one anti-kickback conpecting link moves I a divection In which the sulting
surface s oriented to move, wherein at least one anti-kickback connesting ok moves in 8
divestinn opposity to the oriendation of the cotting surtace or both.,

In yet another related cmbodiment, the components of the cutting apparatus are held
together by at loast one rivel.

Iy ¢t vet another related embodiment, the cutting slement tooth vomprises ot last one

steel cutting edge, ot least one carbide cutting fnsert or buth,

FIGURER 1410 shows the schematic representation of the chain convept of the cutting
apparatus desoribed herein, FIGURE 14 shows the schomatic of the entive appasatus
{oompressed or vollapsed version), FIGURE I8 shows the componsuts of the entire spperatus
{explodad vorsion). FIGURE 10 shows the anti-kickback connecting link m‘_‘ the apparatus.
FIGURE 1D shows oollapsed or compressed varsion of the culiing apparatus with the 8-
divections! snti-kickback festure and the bi-directional sprocket deive link featire, FIGURE 1E
shows the explnded version of the components of the cutting apparatus with the Mdirsotional
anti-kivkback feature and the bi-divectional sprocket debve link feature.

FIGURE 3A shows a side view of s representative bicdirectional cutting elervent for use
with @ cutting appavatus that b sffective af culting vis siultiple dirsctions of moventent,
avcordanse with the prosent invagion. FUHFURE 2B shows a side view of a conventiong! cutting

3 3

cloment, FIGURES 20-3F show the different kinds of cutting edges snd canting elements that
can bhe used with the culting apparsfus. For inslasce, FIGURE 20 shows Y8 low profile,
FIGURE 2D shows semi-chisel, FIGURE 2E shows round chised snd FIGURE 2F shows
square chisel,

FIGURE 34 shows a side view of & conventional section of a chaitsaw chaln. FIGURE

3B shows a side view of a double cutting link seution according fo the present invention

%

FIGURE 4 shows g top view of & traditional, sonventional Hnk with forward facing

el

cutting lnks arrenged on nppastte sides of & chain,

i#n
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FIGURE S shows a top view of an individual bi-directional cutting link section, in
aceordanse with the present loventinn, the orientation depen dmg on the intended culiing
disection,

FIGURES 64, 6B, sU, &0, 8K, and 6F show porspoctive views of representative
crosseut saw {ooth desigas.

PIGURE 7shows s side view of & scction of a bivdivectional cotting sweface of 2
representative M tooth paitern i a elroudar saw design, I sccordance with the prosent fnvention

FIGURE 8 shows a side view of 2 section of a bi-divectional cuting swisce of a
reprosenititive lance tooth pottern in & circular saw design, In accordwnce with the presst
mvention,

FIGURE 9 shows a side view deploting a traditional cutting section of & band saw blade

with forward facing cutling teeth wevanged onone side of the band,

FIGURE 18 shows a side view deépitting a reprosentative hi-direotional cutting ssction of
@ band saw blade with forward facing cutling teeth sivanged on opposite sides of the band, 1w
aceordance with the present invention,

FIGURE 11 shows a new representative bidirsctional design for 8 band saw blade with
ihe cutting teeth oviented it the direstion of travel of the bade to soable the workpicee fo trgvel
n a forward and reverse cutting divection., jo sceordance with the present invention.

&

FIGURE 12 shows a new representative bidivectional design fir o band sww blade with
the putting testh oviented fn the divestion of travel of the Hade o soable the workpicoe 1o travel
i a fowand and reverse outting divection. The Hhustrated champion cutting tooth pattern alen
allows for the Wade divection to by roversed i ag opward outting motien sllowing for
bidirectional culling #s well as motor roversal vapabilities, i sccovrdance with the present

wvverdion. This design sllows for up ted distinet cutting directions,

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The presont disclosuee s divseted 10 3 cutting apparatus that ts effective st penetrating a

material or substancs vis muitiple divections of movement. The mmbodiments of the present
invention deseribed bersin provide vavious cutling spparahus that conyprize v plumality of culling
sloments, Iny this regavd, the present invention dscloses & vulling apparvatse thet inchudes cutting

lements comprising at loast twe cufting surfaces orierded e at lonst twe differsnt divections so

&



i

15

ok
Wy

WO 2017/127517 PCT/US2017/014093

as to sffectively cut through 3 material when the ontting eloments travel iIn any direction in which
& cutiing swriace ¥s oriented.

The term “centting apparatas”™ andfov the plovad form of this term are used throughout
herein to refer to any tool, devics, or mechanisn designed o ot throngh a material that tnchudes
hut is not Hinsted to wood, concrete, matal, plastic, cloth, paper, cardboard, other polvmers, ov
combination thereof., Examples of the cuiting spparates include but are not Hmited to, &
chainsaw, a cironlar saw, 3 band saw, jigsaws or tiger saws, and the like.

The ferm “cutling element” andfor the ploval form of this term swe used thronghowt herein
to vefer fo any object or past of an object designed to break 8 material npon msking force-driven
contact with such material. Examples of the culting element include but ave not Hmited o one or
nore protrusions, blades, ridges, notehes, grooves, and the ke, as well ay any combination
thereof, Additionslly, any “cutting slement” may comprise ane o more “cutting surfaces” which
may aid o penetrating 8 nutorial with which contact is made.

The ferm Yontting sweface” angdfor the phral furm of this torm are used throughout hersin
to vefor W any sharp, rough, sadfor textured exterior portion of a cudting element or a portion
thereot that may facilitats easier force-driven panetration of the cutting element into a material,
Exsroples of the cutling strfaces include but are not limited (0 hlades, edges, ridges, notches,
grooves, teeth, or 8 combination thereotl

The tarm “rivet” as used herein rofers, by way of non-limiting example, to any type of

pin, bolt, or other fastensr or fastening mechanisn for holding, joining or fastening together twix

&

o

objects, for example, tewo plates of metal,

Referring now to Figures 1A, 1B, and 1€, a perspective view of a2 vepresentative
chainsaw having a chain bar and saw chain Is shown,

Figure 1A is the schematic representation of o representative culting apparatus (#1006}, In
this figure, the apparatus (F100) i« shown (o comprise st least one culting element (8200) that
coanprises at least one bar guide Huok (#2443, 2 cutting eloment that has two edges F215A and
215, at least two rivets (8235), ¢ fexible clongated cloment (8225}, and 8t least (wo anti-
kickback connecting Doks (2304 and 230B).

Figure 1B shows the separate components of the ropresentative colting apparatus (#1003,

inchuding bar guide Hak or sprocket drive Hnk (#240), ontting cleveent (8200}, at least two vivels
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{#235), 2 flexible clongated clement ($225), and &t lsast two antb-kickback connesting Haks

Figure 10 shows representative exampies of the snti-kickback connecting link 82304

Figure 11 shows ondlapsed tw compressed version of the cutting epparatus with the b
divectional anti-kickback featnre and the bi-divectional sprocket drive Hak foature. In this Sgure,
the anti-kickback connecting links (#2304) are orfented 1o wove 1 8 bi-directional rasnner, Le.
they can move in the divection in which the cutting surface is oriented 0 move and In the
direction opposite to which the cutling serface ix onented o move. Additionally, the her guide
Hok or sprocket defve Haks (83400 are orientsd o smove in a bi-divectional mannern

Figure 18 shows the exploded version of the components of the cutting appavatus with
the hidirestional anti-kickback feature and the W-dirvcetional sprocket drive Hnk feature. This
figure shows the separate conponents of the repressutative cutting apparstus (F100) ncluding
bar guide Hak or sprocket drive tnk 240), cutting elemwnt (82007, at least two rivete (#2358), 3
Hexible clongated cloment (12251, and st least two anti-kickback connecting links (330645,

Figure T4 shows a sidevivw of 8 vepresentative bi-divectional cutting elerent (#200) for
pse with & outling apparstus (100} that is effective at colling vis maduple divections of
movenyent, i accordance with the present nvention. The bi-directinnal cutting eloment (F200)
may be configured a1 2 substantially dgid objost of high dorsbility, In sonve embodiments, the

hi-divectiona! cutting element (200} may comprise » culting element body (#2085} and a cutting

g

slement tooth that includes at least v cutting swrfaces (#215) {showy, for examyple, as culting

surfaces (B213) depicted by “Bdge 17 #2153A) and “Bdge 27 (F2158} In Figere 214} Opening
{#220) 1 also shown on the cutting sloment body (F2035 |

Figure IB shows a %ida, lew of another repressitative bi-divectional cutting clement
{H200) for use with a putting apparstus FL00) that b effedtive at cutiing vig multiple directions
of mwvement, in accordancs with the prosent nvention. Figare 3B alsoe shows 3 representative =
cutting eluaent body (F205), and mst'r.irsg surfaces (#2151 (showing “Rdge 17 G2I5AY Opening
{#223; is also shown on the culting elument body (F2035).

1 some smbodiments, the culting surfyces (#2158} may comprise & curved, or "L shape.

2

Gmﬁ'iﬁg surfaces (#2158 may take the form of blades, sdges, teeth, nidges, votoliss, grooves, or
gy shnilar sharp andfor friction-inducing configuration as may b appreciated by thosse skilled

in the relevant art{s) alter reading the deseription heretn. The cutting edge may Comptise designs
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that include, but are not Hmited to, ¥/8 inch low profile, semi-chisel, roond chisel, squarve chisel,
or & combination thereof, as shown in the different cumrxg slements (H200) depieled in Figures
20, 2D, 2K and IF. Figure 20 shows a /87 low profile cutting element. Figure 21 shows a

semi~chise! cutting slement. Figure 2E shows g round chisel autting element, Pigwre 2F shows g
siare ohisel cutting element.

In sowe ewbodiments, the chain saw edge may be bi-divectional. Further, the edges on
the sutting surface (8215} may comprise multiple angles and kel designs as per the requirements
of the asar,

Additionally, n some aspects, 8 culting element tooth (R2H) may comprise 8 generally
L~shaped protrusion that peojects upwardly and ontwardly from a outting element body 208
There are mubltiple tooth designs possible for bi-divectional designs as discussed hersin, In some
fnstances, cuiting swefaces (#2135 may be oriented in substantially sppostie dircctions on
opposing distal ends of a culting eloment (20, cutling slement body #E205), andfor culting
cloment tooth (#210% however, sny other spproprinte nuntdsr and configuration of cwtting
sarfaces (H215) may be mtegrated with a cutting eloment (200} as way be apparent 1o those
skilled in the relovant art(s} after reading the description hersin,

Cadting surfaces G215) may also be oriented such that each cutting surfsce (F215) ausisty
i cutting & matsrial when a cotting elowent (200 13 moved in the direction that & given cutling
surtgee (#215) is oriented. Materlals that may be cut by a cutting elemend (H200) nwy inchude,
burt are not Hmited to wood, conervete, metal, plastic, cloth, paper, cardboard, other polymers, ora
conbinatinn thereofl

in some embodiments, a cutting element HR00) way futher comprise at least one raker
tooth that converges distally from a cutting element body at & sharp tip end, A vaker tooth may
serve to cutrol the depth of the cut that & culting elemont is ponetrsting and/iy ©© remove loose
chips andfor debris from the keef duning cutting to allow a cutting element {o function muore
efficiently sndfor effectively, Raker teeth may be positioned before or after cutting clemend teeth,
The raker tecth may be oviented in one divection or may be bi-directional just Bke the cutting

surface $215L

Additionally, a cutting slement (82000 may inchude at least one opening (#220) capable
of recetving a connecting mochaniam that sllows the cutting element (#2H0) 1o be mwovably

attachad to other culting elements as shown in Figures 34 and 38,
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Fxamples of 2 cutting cloment G nclude but ars pot Hnuited o any appropriate
material of ressonable strength designed o ont though substaness of varving durability, such
appropriate material ineluding but not Hmled to metals, sach a3 steel, and other polymers. Iy
sone enbodiments, the cutting element body (¥205) and cutiing swiaces (#2135} nay comprise
different materials for any veristy of seasonms, ncluding but mt Hmited o meximizing the
eifectiveness of a cutting eloment andfor mintmiziag the cost of production of & cutting olement.

In some embodibnents, the culting clement tooth (1210} may comprise stodd as well as
sarbide cutting cdge nserts

Figure 24 shows a side view of g representative bi-directional cuiting slement (#200) for

pse with 3 cutting apparstas (#100) that is effeotive al culting via muiliple divections of

>

3

movement, i accordance with the prexent invention. (e of wore cutting clements (#200) may
be attached o a partally-flexible elongnied - cloment (#225) for use with a tulling apparatos
(#1060} that Is effective &t catting via nnltiple dusctions of wmovement 83 ghows s Figure 34
Agp slongated sloent (F225) way be an gt least pariially flexible mesmber capeble of securely
etaining at least one cutting element. An slongated slersent (8228) may comprise a plarality of

conneeting mechanisms used to securely attach a plurality of cutting clomons {#2@(}} to the

clongated eloment (335) vig one or more openings 228} on the colting elements

o
o

Examples of conmecting wechanisms include, but are not lhntted o, play, rivets (8235), sorews
natls, bolts, or any other simtlar componeant g8 will be recognized by those skilled inthe relevast
art{s} after reading the description berein. In a preferred embodiment, comnecting mechanisng
may moveshly sttach cutling clements (#2003 to link smas vig holes or opedngs (#2260} oo
gonerally opposing distel ends of Hnkarme. Tn soive smobodiments, Hnk avmg may be gevenally
planar elongated compoments that {nterconnect the plurality of culling clements (208} vig
commecting wmechanisms b a series fn order to formt & chair, such as, by way of sxample and not
linutation, 2 chain used with a chainsaw. In such ambodiments, an elongated element (FX218) may
further compriss 2 phorsdity of sprocket deive tinks. In some arnbodiments, culting elements may
conmgrine & sevies with sprocket drive Hrdts whereln the series is interconnected by a pheality of
Hok aoms. In some smbodiments, the series may comprise an aliemating sequence of cutting
slements (R200) and aprocket deive links.
Sprocket drive Hoks may hnterset with g sprocket within the chainsaw o move an

slongated element (#2235} In & wbstantially revolving motion within g slot, channel, or groove

i
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alimg the outer pevimeter of the chainsaw bhar gs will be approviated by those skilled o the
relovant ari(s} after reading the description berein, The sprocket may be driven by a shaft
conpected 10 & power soures, such as an internal combustion enging ov an electrical motor. In
some embodiments, the power source may include some form of human appled force, By way
of exanple and not Hodtation, an engine tsed with the chalnsaw roay comyrise 8 two-stroke, aie
cooled engine.

Although clongated elsment (1225} may move from feft o right, it § important (o note
that due o the multiple cutting surfaces (#215) on a cutting cloment tooth (#210), cutting
clemunt body (4203}, andfor & cutiing clement (H20), an elongated element (H225) may cut a

PP

material just as sffectively when the elongated slement (#2235} is yooviag from right to el In
embodiments, wherein an elongated eleroont (#2235} is used with 3 cuiting apparatus that is in the
form of a chainsaw, the divection of travel or movement for the elongated elewant (8223) may be
changed by changing the operational divestion provided by the chainsaw power soures, theveby
changing the divection of appiied foree 1o the cutting element(s).

{n smbodiments, wherein the chainsaw motor 18 an intemnal combustion engine, the drive
direction may be adjusted by a cluteh or gear change wechanisn. Allernatively, 1u embodimenis
wherein the chalosaw motor is slectrie, 8 toggle switch or sinmlar device may change the motor’s
direstion of operation, i some sddiional smbodiments, the direstion of travel for an elongated
elemerd (#225) may he changed by revooving the elongated element (8223) from the cutting
apparatis (100} and monually changing #x orientation by relostalling it upon the cutting
appacatus F100) in » Jifferemt orientation, such as in the opposite ovientation. To facilitale this
reversal, adjacent sprocket drive links may be configured with thelr tips or flngers facing one

wihier 50 that every other sprockst drive link s engaged by the sprocket. Thus, one set of
alternating sprocket drive links may function o move an elongated member e a first culting
direction and the other set of alternating sprocket drive links may funetion to move an slongated
mentber in a sevond cutting divestion when the orlentation of the elongated member i3 reversed,
Additionally, sprocket diive Hoks may also function 1o clean dust andfor debris frowm the
chainsaw bar slot/chancel/groove whereln sprocket drive Huks operste.

Regardless of configuration, when an slongated elersent (#2258} s moving or traveling in
oune divection, suly cutting surfaces ($215} that are orlented In that divection get used and worn

P

Thus, when those cntting surfaces (#215) get d’smager sndfor wear o, there s at Jeast a second

pad
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set of culting swrisces (18} that may boe utilized by changing the tavel direstion of the

clongated clement (B35, them‘i@}e at least dovbling the vsefnl B of the slongated elomant

{#225). Additionally, su clongated eloment (8223 is relatively simpde 1o install in that there &
less of 3 chance of installing it in the “wrong™ otimdation singe it is vapable of cffvctively culting

i multiple divections,

Figure 4 shows a top view of o traditional, conventional Bnk with forward facing culting
Hnks (#300) arranged on opposite sides of g chaln,

Figure Sschows a top view of an individual bedivectionsd cotting Huk section,
aceordance with the present invention, with bi-divertionsl cotting links (310} the ovientation
depending on the intended culting divection,

By way of non-limiting exanple, Figures 64, 68, 60, 8D, 6E and 8F show perspective
views of ropresentative crosscut saw footh designs that can be used in avcordanee with the
presat invention. By way of non-limiting example, & cutting element tooth (R210) may have any
o of the representative tooth designs depivted 1n Figures 84, 68, 60, 613, 6E and 6F.

Figure 7shows g side view of 2 section of @ hi-divecticnsl cutting swface with s
represemtative M tooth #R210) peltom in & oirenlar saw design, i acoovdancs with one
gnbodiment of the present inventinn.

Figure $shows g side view of a section of 8 bi~divectional sutting surface with a
repressiviative lance tooth (B3UD pattern i a obroular sew design, in scoordance with one
erabodirnent of the present nventinn.

Figare ¥ shows a side visw deploting a vraditional cuing seetion of & “cue side cutting
teeth™ band saw blade (#450) with forward facing cutting testh arranged on one side of the band.

Figuve 1 shows a side view depioting a representative bi-divectional sutting section of &
“two side eutting teetly” band saw blade (60 with forwand facing cutting teeth aranged on
opposite sides of the band, i acvordance with the prosent tnvention,

Figure 11 shows a new representative bidivectional design for & “teo side cutting testh™
band saw blade (#4603 with the colting teoth oriented in the divestion of wavel of the blade to
enable the workplecs to travel Iy & forwasd and reverse cutting divection,, in accordance with the
present nvention,

Figure 12 shows a now representative bidivectional design for o “champion cutling tooth

pattern” band sew blade (8470) with the culling teeth odented in the direciion of travel of the

12
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blade to enable (he workpicce to tave! i s forward and reverse cutting direction. The illngirated
champion cutting tooth pattern alse allows for the blade dirsction to be reversed i an upward
cutiing motion allowing for bidirectional cutting as woll a5 nwtor reversal capstdlities, in
goeconrdance with the present invention. This design allows for up to 4 distinet cutling divestions,

Link srms and sprocket deive links may conprise any appropriate materials gs will be
appreciated by those skilled m the refovant artfs) after reading the description hevedn, inchuding
but not limited © metals, such ax ateel, and pther dusable potymers. Additionslly, a3 will be
apparent to those skilled in the relevant an{s) after reading the description bereln, an clongated
element $R35} may comprise 8 vartety of lengths, pltches, and gouges, ax well aa anti-kickback
featores. Examples of varlous pitches inchuds but are not Hmited o sbout 8.2500 inches and
$.3730 inches, while various gauges may nclode bt are not Himited to aboan (.04347, Q0507
00587, and 00637,

In soms embodimenty, the top portion of wach cutting sloment, such as a tutting clement
tooth, may free upwardly away from the chamsaw bar and may comprise one or more profrading
flanged tocth, with each flanged tooth comprising at least two culting surfhces. Bach flanged
tooth may be ortented towird the center portion of an elongated clement (#8225 In some
embodiments, adjacent cutting slements may be on opposing [ateral portions of an slongated
slement (#2253 so that the protruding flanged teeth of such adjacent cutting slements face one
anather. In some addittional embodiments, cutting cloments on opposing lateral portions of
clongated slement {(#2235) are not adjacent.

Trt other erobodiments, a civeular cutting blade for use with 3 cutting apparatus is effective
at cutting via moltiple divections of movement.

In stne wabodiments, the culting appevatus deseribed herein may inclode an apparatus
other than a chainsaw. One such aliemstive cmbodiment may inglude but is not Limited o 2
wiveuntar saw, such a5 8 cireular saw shat utilizes a cicoular cutting bads. A circular cutting blade
may comprise, for example, a substantially circular body with a plurality of cutting eloments
proteuding radially therefrom. Examples of cutting elemonts inchude but are not Himited to blades,
sdges, tewth, ridges, votches, grovves, or any similar configuration as may be appreciated by
those skilled fn the relovant ant(s) sfter reading the Jesoription herein, In rogards 1o § cutting
blade, as desortbad elsewhere herein, cutting slements may comprise M tooth” profrasions that

pes

are penerally shaped fike the lefter *M,” with two distal peaks separvated by g V-shaped groove,



951

10

i5

fod
it

i35

5

WO 2017/127517 PCT/US2017/014093

In some alturnative gspeots, ax desortbed elsewhere heraw, cuting cloments may
somprise “lance tooth™ profiuadions. Such culiing oloments may extend radially ootward from g
substantially cirouder body of a civouder cutting bade, Lance tooth culting eloments may have
clonpated shafls that torminate at 2 sharp point distally from a cireular cutting blade. Eachione of
the cutting clements and may comprise at logst tweo cutting swrfaces. Such cutting surfaces way

nelude but are not Hodted to blades, edges, teoth, tdges, notches, grooves, or any stnub shaep
andfor fictonqindosing configormtion as may be appreciated by those slolled i dw refovam
art{s) afler reading the description berein. In some embodiments, culling clomenis ny comprise
pabrs of ontting surfaces, svlented fn substantially opposiie divections,

In cortain embodiments, a culting apperatus i sccordaace with the present disclosurs
may take the form of cirouler saws that ofilize any civeulsr cutting blade ax may be spparest ©
those skilled 1o the relevant arts) after reading the desoription hergin. In some ewabodiments, the
cirvular sew may have bisdirectional design. Examples of clrvular cutting blades inchade bt arg
not Bmitad o those with plain tooth, chaapton ooth, Grest Amerloan tooth, perforated lanee
toeth, or any other tooth pattsrns ay will be secognized by those skilled in the relovant ary(s) after
reading the desoription here that bave cutting eloments with mualtiple cutth ng s sfaves eapable of
ontting sffectively via at least two differemt divzetions of movement, 5130&1 ag two generally
opposing divections of sotation. Such eircular cotting blades in scvordancs with the present
disclosure may be wilized by ciroular saws that may or way not vclude 2 power soures fo

provids ¢ rotational divection of force. Examples of the power source may nchude but are not
Bimited 1o an intomnal combustion ongine, an slecirival motor, human spplied fores, or any kind
of other power soures, In some embodiments, adjscent sequentia] cutting cloments sssociated
with the circular cutling blades are positioned on opposing lateral stdes of the bade and extend
upwardly thevelon,

B onder toowiilize the muoltiple cntting surfisces of the cireular saw blades, in accordance
with the present invention, such as when the sutting surfaces orlented i one divection wear owt
or get damaged, the cireclar saw may be configured o potats the sironlar outting blade in two
different directions of rolation, wherein the direction of rotstion may be aliered viz 8 toggle
switch or other appropriste mwechanism as mway be apparent to those skilled in the relevant at(s)

after reading the description hewin,
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n additional embodiments, the cirsular saw blade may be ronwoved, flipped 180 degress
about a vertical axis, and reinstalied and operated in the same divection of rotation 1 order to
wtilize different auling surfaces assoviated with the cuiting slements, such sy, by way of sxanple
anid not lnitation, those that mav be facing In & gongrally opposite direction,

in other entbodiments, & Hnear culting blade may be used with 2 cutting apparatus that is
effostive gt sutting via wultiple ditections of movament,

In certain embodiments, & culting sppavatos sy desoribed hersin may be configored 382
band saw, such ss o band saw williziag # lncar cutting Made. A livecar cutling blade may
comprise an slongsted planar body thal toroinales n two opposing side odges. In scoordares
with the present invention, a plorality of cutting clements way protrade outwardly frooy both
edges, thus enabling the band saw 1o oul g material using both sides of a Huear putling blade.
Cutting clomeniy may nclude it ars not Bmited © leeth, ridges, nodches, gropves, or sny
similer configiration or a combination thereol as may be appreciated by those skilled in the
relevant sri(s) afler reading the description hersin, Additionslly, cach cutting clement nay
somprise at least one cutting surface. Cutting surfaces may comypwise blades, odges, teoth, ridges,

%

mkohes, grooves, o any similar sharp spdfor fricion-inducing configirationr as way

X

f:’f'

3
appreciated by those skilled in the relevant arts} sffer reading the description herein,

In cortain endbodinmuts, cutling slomenty each cowtain a single cutbing surface, with sl
sittting surfaces being oriented i the sems divection. In sdditional embediments, sach oulting
alement mway comprise 8t least two cutiing swfaces which gy inchude bt is not Himited 1o heing
orignted In substantially oppostie divections, so as to allow a Hoesr cotting blade to cut by
woving i at least two difforent divections of wovement., In cortain enbodiments, & lnear cutting
ade way vecillate from one divection to another. Other effective configueations of and
guantites of vutting surfacss upon cutling elements may be witlized as may be apparent to those
skilled o the relovant ari{s) upon roading the deseription hereln

Iry other embodiments of the present fnvention, band saws utilizing 8 Hinear sutling blade
DAY comprise a power sowee 1o provide a divsction of force, Examples of the power source
fnsdude bat are not Bmited © an intornal combastion engineg, an eloctuical motor, homan applied
foroe, o any other kind of power source.

In some simbodbments, the chainsaws, bandsaws, circolar saws, and Jigsaws or tiger saws,

whether 1t is a handheld portable device or stationaey, may comprise an elestricad switch of any

i
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size, volage andlor phases, 8 movchanical cloteh that operates on gasoline or digssl motors or a
combination thereof to reverse the divection of the mator,

In another embodiment, the bandsaws and jigssws may have bi-divectional design, and
forward and reverse workpleos for a total of four divectional oniting adaptations, fov nstanes, up,
dowen, Torevard and reverse.

While various aspeots of the present Invention have been desoribed hersin, #t should be
understoosd thay they have beon presented by way of example and not limitation. I8 will be
apparot to porsons skilled in the relevart ant{s} that various changes in form and detsil zan be
made therein without depariing fromt the spirll and scope of te present diselosore. To sddition, &

should e understood that the fgurss ave prevended to depict only cortain smbodiments, The

prosent fnvention mgy by impdementad tn wavs other than thet shown in the sccompanying

figures (oo, utilization with differont cutting spparatus; utilization of dilferent power sourses

arud devices other than those mentioned | :u,zm
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A cutting spparsivs, somprising:
a piurzﬂiiy of cutiing oloments, said each cutting slement C{‘ﬂ‘t’};}“‘ii’{:\" % colting
sloment body, & cutting olement tooth, or both, whereln said cutting a«i snents are
cimfigured with st least two cutting surfaces ortented o st least two different
diroctions, ti}webx allowing & single cutling apparatus ©0 sufficiently ponetrate a
subadance vig moving fn at least two ditferent divections defined by the different
divections of oricntation of the cutting surfaces
The cutiing apparstus of olaim 1, Qucther conmprising:
al least one partislly Hexible elongated eloment, wherein said elongated clement
atows attachmient of more than ope vulfing slements to forny 2 continuous chain
cof mﬁtﬁmg slooents, wherein the cutting clement 8 amanged on the flexible

o

ongated oloment o2 mranner a0 that at kast two outting swfaces face

yfr

subistantially opposite dircetinns, the cutting apparatus is configured to move in g
revoiving motion to allow the culting surfaces oddented i one diechion 1o engage
gt & time g ontting position.

The cutting spparatus of el 2, whersin cach of the cutling elements s plvotadly
attached g sprockst drive Hok sy well a3 2 connecting Huk ann o connect @0 an
sdjacent sprocket drive Hok and/or an adjscent cufling cloment, thoreby vremting & suvies
of intereonnected cutting clements and sprocket drive linka along the elongeted slement.
The cutting apparatus of claim 3, whereln the slongated clemmudt is romoved from the
cutting apperatus and reinstalied in the opposing orientstion fo sugage the cuttings
surfaces oriented in the opposing divestion.

The cufting apparatus of olaim 2, whersin the clongstad eloment is adjusted betwesn the

fivst and second revolving divections by roversing the direction of applied foree from a

T

pawer soutes that drives the elongated clenent shout the cubting a{sgm&ma or a portion

thereot.
The culting apparatus of clam 3, at Ieast one sprocket Hink drive is desigoed to move In
the divection in which the cutting surface Is orientsd, &t least one sprockst Hank drive is

designed to move in a direction opposite 1 the odentstion of the cutting swefsce, or both,

et
~
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The cufting apparatos of clalm 1, whersin said cutiing element comprises at least one
raker touth that converges distally from the cutting elemeant body al g sharp tip end.

& The cutting epparates of slaim 1, wherein said cutting sloment body comprizes at least

one opening, whersin said opening allows ene cutting element 1o be movehly sttached to

5 another autting element by means of 2 partially Hexible slongated slemens.

9 The ailt‘:ing apparatus of claim 1, whereln the cutting surface I curved s U7 shaped,
wheereir said cutting surface iz & blade, adgg, tooth, ridge, notely, groove v a cominuation
therent.

1 The culting apparstus of clabm 1, whereln said culting tooth I8 ¢ Lrshaped protrusion that
10 projects upwardly and outwardly from the catting element body.

11, The caiting apperates of claim 1, whereln the cutting surface I8 oviented in same direstion
or substantially opposite divection on opposing didtal ends of the culting sloment, sutting

element body, cutting clevient tooth or 8 sounbination thereof

12, The sutting spparatus of clabm 1, whereln the cutting eloments care be moved Wy a
15 internal combustion engine, an elegtrical motor, 3 human apphed foroe or other power

seanee, or 4 comdbination therend
13, The colting apparatus of claim 1, whereln the cutling apparatos comprises g plurality of
cutting elements protrading from @ single body, whereln said cutting element is & blade
14 The cotling apparatus of clabm 13, wherein the body or the Made comprises si olongated
20 of vivenlar design.
13, The cutting apparates of clabm 1, whersin the cutting apparatus is & chainsaw, 2 siveular

saw, & band saw, Hesaws ov Hger saws,

ot

16, The outting apperates of claim 1, wherein the apparstoy comprises at feast tvo sels of
catting clementy, whereln one sot of sulting cloments comprizes sulting surfaves oriented
N fnoa fiesd divection 20 as fo be engaged when the apparstis moves By & first cutting
dircotion against 8 meterial to be ont and wheveln the secoud set of culting clements
comprises culting surfaces orlonted in & second divection 50 as o be sngaged when the
sutting appavatus moves ing second oolting divection sgaiost the material to be ot
{7, The cutting apparamss of claim 16, whereln the apperatus conywises additiens! sets of

a0 cutting cloments that comprise cutling suclaces oriented b additional divections.

i8
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1. The cutting apperatas of oleim 1, whereln the cutting apparstus comprises a alugle set of
cutting alements with each cutling clement comprising at Ieast two outting surfyces
oriented in different divections.

19 The cutting apparatns of claim 1, wherein the cuting susfcss are orfented i opposing

>

directions.

20, The cutting appavatus of clatm 1, whereln the cutting apparatus compeises ani-Rickback
feature, whereln - at least ope anti-kickback conuceting link moves In g direction v
which the cutiing swehwe i3 ovicoted fo move, whergin at least one anti-Kickback
comnecting Hok mcves in g direction opposite to the orientation of the cutting surface wr

scth,

pe s

[
vy

The cutting epparates of claim 1, wherein the compenents of the cutling apparatas are
hedd togethier by at least one tivel,
22, The culting appavatis of clain 1 wherein the cutting elemant tooth comprises al east ne

steed cutting edge, ot loust one carbide cutting sert or both,

e
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