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(57) Abstract

A polymer cutter with a rotary cutting head in which the cutting edges are on the circumferential periphery of the head, and in which
the cutting edges shear rather than slice the polymer is described. The knife blades on the rotary head have a cutting edge angle of greater
- than 70°. The apparatus is especially useful for cutting thermoplastics and may be used for preparing polymer granules or pellets.
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forming machine such as an injection molding machine or an extruder.
Cutters for polymers are available in many forms. In one common form a
15  rotary head containing knives approximately parallel to the axis of rotation is used
to cut polymer against a bed knife as the polymer is being fed into the cutter head.
Such a cutter is pictured schematically in Figure 2. In these cutters the knives are
such that they cut by a slicing action, with a narrow leading cutting edge slicing
through the polymer. While cutters of this type have been popular for many
20 - years, they have certain drawbacks. Among these is cutter knife breakage and/or
wear, especially when hard and/or abrasive polymers are being cut. It is believed
that when knives with sharp acute cutting angles are used, the small amount of
metal at the cutting edge makes that edge relatively weak and prone to breakage
“and/or relatively fast wear. When bzéakage or excessive wear occurs, the cut
25  quality is adversely affected, and the cutter must be shut down to resharpen or
replace the worn or broken blades. This downtime is expensive in both actual

maintenance costs and lost production time, and a polymer cutting apparatus
which can cut at high speed with good cut quality, while at the same time
requiring less downtime, would be advantageous.
30 SUMMARY OF THE INVENTION
This invention involves a Totary cutter head having an axis of rotation,
comprising, one or more knives, each knife having a cutting edge on a
circumferential penphery of said rotary cutter head, each knife having a knife
angle of about +10° to about -15°, and a cutting edge angle of 70° or more, and
35 provided that no point on a cutting face of said knife is further from said axis of
rotation of said rotary cutter head than said cutting edge.
Also described herein is a rotary cutter for cutting polymer, comprising, a
bed knife, a rotary cutter head, and a means for advancing polymer into said
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15 Figure 1 shows a cross section perpendicular to the axis of rotation of part
of a typical rotary cutting head of this invention, together with a bed knife, a
polymer strand and a cut polymer particle. '
Figure 2 shows a cross section perpendicular to the axis of rotation of part
of a typical rotary cutting head of conventional design, together with a bed knife,
20  apolymer strand and a cut polymer particle. .
Figure 3 shows a cross section perpendicular to the axis of rotation of a
typical rotary cutter head of this invention.
Figure 4 shows schematically i mpoxtant elements of a rotary cutter head of
this invention, as defined herein.
25 Figure 5 shows the body of the rotary cutter head used in the Example,
with dimensions shown in cm. Figure 5a shows a plan view of the body, while
Figure 5b shows a cross section of the body perpendicular to the axis of rotation.
Figure 5c shows a detailed section of Figure 5b, as indicated.
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Figure 6 shows a wedge and a cutter blade used in the rotary cutter head of
30 the Example, with dimensions in cm. Figure 6a is a wedge, both in plan view and
cross section, and Figure 6b is a cross section of a cutter blade.
. DETAILS OF THE INVENTION
By a polymer herein is meant a polymer itself containing no additives, as
well as polymers containing any additive or any combination of additives
35 normally found in polymers. Such additives include pigments such as TiO,
antioxidants, antiozonants, toughening agents, flame retardants, lubricants, dyes,
antistatic agents, antistaining agents, and fillers and reinforcing agents such as
talc, clay, carbon black, milled glass, glass fiber, carbon fiber, and aramid fiber.
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In'contrast Figure OWSs a similar view of a conventional polymer cutter
which has rotary cutter body 7, several knives 8, and wedges 9 to hold the knives

in place. ‘Also shown are a bed knife 10; polymer strand 11, and cut polymer

granule 12. _

15 As can be seen by a general comparison of Figures 1 and 2, the major
difference between the instant invention and the conventional cutter is that the
conventional cutter acts in a cutting mode, much as a razor blade does in cutting a
beard, while the cutter of this invention acts more by shearing off the polymer. In

- both cutters it is preferred that clearance between the cutting edge of each knife
20  and the bed knife be as small as practicable. This tends to give the cleanest cut,
' and is usually about 0.025 to about 0.25 mm, preferably about 0.050 to about
0.12 mm. '
Generally speaking, in such cutters the polymer is advancing into the rotor
knives continuously, so after the cutting edge of each knife passes the bed knife,

25  each cutter knife is raked away from the edge of the bed knife. In other words,
the point on the knife furthest away from the axis of rotation of the rotary cutter
head is normally the cutting edge of the knife, and all poinfs on the cutting edge
face are closer to the axis of rotation of the rotary cutter head than the cutting
edge. Furthemmore, if applicable, the rotary cutter head or its parts other than the

30  knives are also preferably designed to allow the polymer to advance. In the case
of Figure 1, the rotor body and wedges are raked away from the periphery of the
cutter head as shown. Other designs will be obvious to the artisan to accomplish

The knives may be separate parts which can be removed from the rotary

35  cutter head for sharpening or replacement, or other configurations are possible,
which can be held in the rotary cutter head by bolts, or as shown by wedges. Or
the rotary cutter head may be a single piece of metal, with the knife edges
hardened. This eliminates much machining of wedges, holes, etc., which are



and other parts of a cutting apparatus, according to this invention. The
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but. t he bol t sshewa indtigwndwihis i&pagi spful wherethe kspife ¢dgss dor'heltip 08 whose
nmounting is ngéed%ngggﬂmgva@lm strand 4 which is being fed in the
di recti on shown, a.E a fgll rger?rgr anul.e 5 which 10 h% ust b.eenfcut . In
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much as a razor bl ade does in .cutt#a_g._a. geard, while %Ipﬁ éﬁtter é’f this
i nvention act ¥UHPER &YPHE" 87 ﬁé"%ﬂ- P to each g pipgluded; g
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about 0.12 nrAadigshssdiery degyaeitomd3 tp thesprint at whicly sknifrs 13 prgtmeies fiomudvanci ng
into the rotof7, iy stRer BOIY. | Aleo redlvdedSR Fidur4 if HBeditlitd IWhAMEcfingach knife
passes the beccl1 kni.fe, 25, ach Cgté ep kPI feisr akegl a%wa}‘/mffr %n t he edge of
the bed kni f £08F 5o Presudipg HOm the body 17 f the Fotary cutter head 1s knite 18 (o
course more than one knife may be prg.sent), which has knife cutting face 19, and
15  cutting edge 20. In addition the knife also has cutting edge angle 21, a knife
forward surface 23, and knife angle 22. 22 is measured from a radius such as 14
extended through the point at which 18 protrudes from 17. Positive and negative
angles of 22 are indicated on Figure 3.
' Normally the position of 16 and 17 will be such that 15 will be
20 - approximately parallel to 13, and this position also will preferably minimize the
clearance between 15 and 20 when the rotary cutter head is in operation.
The cutting edge angle of the knife, 21, is at least 70° or more, preferably
about 80° or more. This angle is the angle between the knife cutting face 19 and
the knife forward surface 23. If one or both of 19 and 23 is (are) curved, then 21
25  is taken as the angle between the tangent and the other arm of the angle or
between the two tangents, (on one or both of 19 and 23) at 20. The maximum
value of 21 is determined by 22 and the requirement that no part of 19 be further
from 13 than 20. Since 21 is a relatively large angle, there is a considerable
, amount of metal (or other knife material) around, and especially in back of, 20. It
30 isbelieved that this material near the cutting edge makes 20 stronger, and thus
less prone to chip. The massive amount of material about 20 also is believed to
retard wear, thus reducing the frequency at which 20 must be resharpened.
In addition, 22 is the angle between a radius from 13, and 23 (or a tangent
to 23 at 20 if 23 is a curved surface), and is about +10° to about -15°, preferably
35 about 0° to about -5°, and especially preferably about 0°. If 22 is too positive, the
shearing action of 20 against 15 may be impaired, therefore leading to poorly cut
polymer, and if 22_ is too negative, it may not be possible to make 21 large
enough.
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head .accord no tltxé)kzalgés 18 run the i’rﬁ.ﬁen ofl This is shc?wrffnnl‘-'legure 5.
Across the length of 17 (perpendicular to the cross section shown in
Figure 3), 20 may be parallel to 13, or may be helically disposed to 13, with
essentially the entire length of 20 being at a constant distance from 13. A
15  preferred helical angle is about 0° to about 3° from 13. When 17 is quite long,
and for instance may be cutting many strands of polymer, the overall strain on
any knife is lessened if that knife contacts the polymer strands in.-sequence, as it
would do if the blade was helically disposed about 13.
This invention also includes an apparatus for cutting polymers which
20  includes the rotary cutter head described above, a bed knife, and a means for
advancing polymer into the rotary cutter head. The bed knife is a usually
‘stationary item that is placed so that clearance between the knives of the rotary
cutter head 18 pass as close to the bed knife as reasonably possible while the
rotary cutter head is rotating. The “knife edge" of the bed knife will usually have
25  an angle of about 90°, and serves to keep the polymer from bending or otherwise
moving as the knives 18 strike the polymer. Most commonly, the polymer is fed
over a surface of the bed knife into the rotary cutter head, as shown in Figures 1
and 2.
The polymer 4 or 11 is usually advanced continuously as shown in
30  Figures 1 and 2, respectively, into the path of the knives 2 or § of the rotary cutter
head. This requires a means for advancing the polymer. If the cutter apparatus is
so disposed the polymer may “fall" into the rotary cutter head by gravity. More
commonly though the polymer is fed by means of one or more pairs of feed rolls
or a pair of feed conveyors. By feed rolls is meant a pair of rolls having a nip
35 between them. Polymer is fed into the nip and the rolls are driven to move the
polymer through the nip and into the rotary cutter head. A feed conveyor is
similar, being a conveyor-like apparatus with two conveyor belts with the
polymer being driven between the belts. The polymer may simply be fed by
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or both of 19 40f33dd-Bke élentidly dHREBHT length of polymer whose largest cross
sectional dimension is no more than 6 times, preferably no more than 3 times, and
more preferably no more than 2 times greatef than its smallest cross sectional
dimension. A preferred cross sectional for a strand is approximately circular or
square, with circular being especially preferred. It is preferred that the largest
20  cross sectional dimension of the strand be about 1 to about 8 mm, preferably
about 2 mm to about 4 mm. Cutting of strands into relatively short pieces, about
1 to about 8 mm long, or expressed another way the length to diameter ratio of the
pellet is about 1, gives an especially useful form of polymer usually called pellets
or granules. This is the most common form of solid polymer which is fed to
25 injection molding machines, extruders, and the like.
| _ EXAMPLE
A Model 3508 cutter made by Conair Corp., Bay City, MI, U.S.A. was
used to cut circular cross section polymer strands. The cutter head was used is
shown in Figures 5 and 6. The diameter of the strands entering the cutter was
30 about 2.3 mm, and the length of the pellet produced was about 2.5 mm. The
strands were extruded through die holes about 4.0 to 4.5 mm in diameter and the
strands (while moltg:n) were drawn down to about 2.3 mm diameter by the feed
mechanism of the cutter. The clearance between the rotor knives and the bed
knife was nominally 0.076 mm. '
35 _ During routine operation, an average of about 545 kg/h of pellets were
produced, with the range being about 455 to about 635 kg/h. This entailed
feeding 10 to 20 polymer strands at a linear rate of about 60 to about 90 m/min.
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O course as suf )
_ at the beginning and end of the test on various polymers not differing much. The

results were also comparable to those which were usually obtained with the same
cutter using a conventional type rotary cutter head, as shown in Figure 2.

15 Wear on the knife edges at the end of this test was measured as 0.032 mm.
It is difficult to compare this wear to the wear on knife edges from a conventional
cutter because of the varying geometry of the knife edge, and the effect of such
wear may have on cut quality.




cutting polyner, a small portion of 19 inmediately adjacent to 20 nay be
further from 13 than the actual edge of 20. This is permssible, but of
course wherwo@b@e®mes badly worn it will preferably be shar B@'ﬁé@ﬂ’b”““
mai ntain a good pol yner cut quality. 10 It is preferred, although
not . necessary, that sonme, and nore preERABMSy all, of the knives 18 run the
full length OfWTfaZ' Jlimdlis shown in Figure 5. Across the Iength of 17

5t Tie Cross

(per pendi cul ar section shown in Figure 3), 20 be parall el
to 13, or may be hél |ea|apyaravl§p‘6§€u18tad°@3ycwwhe&baymgﬁ4ww takion; r e
| ength of 20 P&y oae@emammvds ehelatifel Hayfgladeuninglddgeonaf er red hel i cal

angl e i s about a Wien 17 ui,t.e and
i nst ance .may %%%WH?JM °’§'t°?§ﬁ%smmﬁ‘btf Hé?d%mg}agh agf'}'%ﬁ n on any
knife is | essm@dof dbauh & 0%toi dboutc-d Af,and s cnttingredigy angle of 70hatsmore, aretjuence,

o so i ol oo Bugvhach P o3y 43 QRIALAS ¥ SIERARCH M rrohdsaid B8 oF v ent ! ON

al so i ncl udesFan & or cutt nMer s I nc S the
rotary cutterm@mﬁésﬂrmﬁédcm%ad@%éﬂdl@ﬁmed&hd a means for advanci ng

pol yner into the rotaAy appirh@s forecttting T{)@yﬁa {,ﬁn §&dq§mlgyot§tyat|onary

cut ter  nel” 18 Egadiemirat AT Ser R BHle i | e

the rotary cutvhmenfnaadirqta'yrcuttatheaghaﬂ'heaﬁknffomtmdgea oné ot imeredladivésni fe wi l |

usual 'y have Za ke @ L 9 r@)ﬂ%! he pol yner
from bendi ng or o erW| sg ITDVI ot %([g%rlg{rll%l\f/e Egl? e fsh P Most
commonl y, t hecystsr heass each knife hay 815 cﬁboﬂwoﬁé@mnfbs Zat he
rotary cutt er cfi@gledg@angleoof70°dr ioge)ra@8 piovided that no point on a cutting face of

15  said knife is further from said axis of rotation of said rotary cutter head than said
cutting edge. | ]

_ 3. A process for cutting polymet with a rotary cutter, wherein the
improvement comprises, using a rotary cutter head which has an axis of rotation
and one or more knives, each knife having a cutting edge on a circumferential

20  periphery of said rotary head, each kmfe having a knife angle of about +10° to
about -15°, and a cutting edge angle of 70° or more, and provided that no point on
a cutting face of said knife is further from said axis of rotation of said rotary head
than said cutting edge.
4. The apparatus or process as recited in Claim 1, 2 or 3 wherein said
25  cutting edge angle is about 80° or more. _
5. The apparatus or process as recited in Claim 1, 2 or 3 wherein said
knife angle is about 0° to about -5°. '
6. The apparatus as recited in Claim 2 wherein a distance between said
_ cutting edge and said bed knife is about 2 mm to about 5 mm.
30 7. The process as recited in Claim 3 wherein a distance between said

cutting edge and a bed knife is about 2 mm to about 5§ mm.

8. The apparatus or process as recited in Claim 1, 2 or 3 wherein a
helical angle between said axis of rotation and said cutting edge is about 0° to

about 3°,
35 9. The process as recited in Claim 3 wherein said polymer is a
thermoplastic.

- 10. The process as recited in Claim 9 wherein said polymer is originally
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and 2. The polynmer 4 or 11 is usually advanced continuously as shown in 30

Figures 1 awggﬁ,ﬁgggspecti vely, into the path of the knives 2 poirndse9fi7dsbe
rotary cutter head. This requires a neans for advancing the polyner. If the

cutter apparatus i SenhdbaReses ftaﬁqum%%;%ré%%}iyé%l&ﬂ%e js he rotary

cutter head by gravity. re,corrrmnlz t houg 5 ed by neans of
one or nore paeRtpugpsly feditorsgid rotagy cufterhead.of feed conveyors. By feed rolls

s meant a pair ofial offhé phwiss réciteldiin Thaim HPRHGEI 4 AGTHBAl i ectiond ¢
into the nip gnd the ro%“gfstf%é‘i dr|v€€ to nmove the polynmer through the nip

and into the PBReRsiengfs i DRI LB onveyor is similar, being a
conveyor - |5 ke appdBat Tbe procksstasgesited\in Chaimbi) whergint said stenf Ghy feircdis ng

driven betwee %@gncb&u% ddie pol ymer may sinply be fed by 5 WO 99/ 16599
PCT/ US97/ 17638r I.ng e>?t fﬁded froma die, the novenent though and out of

the di e bei ng t he lfeclnRIOGESYia8 Feqitsdim Claim hwherein said pdipmer caprding atnet hods
of feeding arﬁahrmwﬁnekahﬁiﬁafcﬁwagghg above discussion is a description of
a process for cuté%ngﬁo%ner u5|c§gdth rrotary cutter head described
herein. Many diffePent "sRISES &3f° "bgme‘r% ipsaidipolymeergontainsicet s,
strands, 10 bblzast cnndillenberinforyingeagent.y t hi ck- wal |l ed tubes. |If the pol yner

to be cut is 100 §fi NTrSpobesdhs fecitdB il Cﬂhﬂ%ﬁ&eifnip%ﬁgts or granules of said
polymer are produced.
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or athin filmthe polyner may bend and may or may not be cut, but even if
cut the cut may not be of good quality, i.e., be ragged, ge 35@6

(smal | er pWMQPYASE? t han desired) or cut only partially or } flgy ﬁ}t is
preferred that the 10 snmllest cross sectional dinension of the polynmer to
be cut is about 1 nmor nore, preferabl{/@bout 2 nmor nore. The maxi mum

di mension will depend on the po]yner being cut as well as the power of the
power of the cutter apparatus ahth{ heaechani cal stress the cutting
apparatus can endure. One prﬁierr-o formto beTtur—hs_one or nore polyner
strands. By a strand 15 is ang. a Tod-li ke essenti al 'y"coenstdlpuous | ength
of pol yner whose | argest crqQss sect+enal dinfmeEmsion is no refthan-§ tines,
preferably no nore than 3 t S,ard nore P erabl'y no refthan 2/tines

greater than its small est cross geciilonal_dinge A prefefred crloss

sectional for a strand is approxymately circyl ar _or QQUar , M th cifrcul ar
bei ng especially prgferred ifs—p+ef erred tlhat the | ardest| 20 gr 0Ss

- sectional dinen |9n—gi—Lhe—§It§hd be about 1 fo about 8 preferdply
about 2 nn1to about—A—TmmCutti of sStranas—Ynto relati Vely short pi eces,

about 1 to about 8 nmm Igng, or pr essed anot her wa he w‘ dy anet er -

ratio of the pellet is brnf 1, - , or-rrof~ ol yner

usually called pellets or gra ‘ FDS ormof polid

pol ymer which is fed to 25977 nj eqtiqn i extryders, ahd the

| i ke. EXAMPLE A Mbdel 3508 cutte >t ' Bay Qity, M,

U S A was used to cut circular 5 .
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shown in Figures 5 and 6. The diameter of the strands entering the cutter

was 30 g MM and the length of the pellet produced 2.5
The stranés Were extruded t hrough die hol es about 4.0 toﬁjér?%ﬂ?%ﬁo

di aneter and the strands (while nolten) were drawn down to about 2.3 mm

di aneter by the feed nechanismof the c@/6er. The cl earance between the

rotor knives and the bed knife was nomnally 0.076 nm 35 Duri ng

routi ne operation, an average of about 545 kg/h of pellets were produced,

wi th the range being about 455 to about 635 kg/h. This entailed feeding 10

to 20 polyner strands at a linear rate of about 60 to about 90 mimn. 6

WO 99/ 16599 PCT/ US97/ 17630

The maxi mum rotor speed was 1800 rpm which was adjusted to produce pellets

as descri bed above. Over a period of about 4 nonths (about 1,005 actual

operating hours) a total of about 450,000 kg of polyner was processed

t hrough the cutter as 5 descri bed above. Al of this polynmer was gl ass

fiber filled, the glass fiber contents ranging from 13 to 45 percent by

wei ght. Smal |l er anobunts of other materials such as carbon bl ack were al so

present in some of the pol yner. ThETTReiyl ol yners cu%Tat di fferent
ti mes were pol y(ethyl ene —
25 ' 26
24
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terepht hal ate), poly(butylene terephthalate), nylon-6,6 and a pol yam de 10
containing both aromatic and aliphatic repeat units. Al of hﬂﬁgﬁwp@&¥ners
gave a gooNMOOMI639%r oughout the test, with for instance the R 0 i nes
bei ng produced at the beginning and end of the test on various pol ynmers not
di ffering nmuch. The results were al so g arable to those which were
usual |y obtained with the sane cutter uSihg a conventional type rotary
cutter head, as shown in Figure 2. 15 Wear on the knife edges at
the end of this test.was neasured as 0.032 mm It is difficult to conpare
this wear to the wear on knife edges froma conventional cutter because of
the varying geonetry of the knife edge, and the effect of such wear nmay
have on cut quality. 7 WO 99/ 16599

PCT/ US97/ 17630 CLAIMS What is clainmed is: 1. An apparatus which is a rotary
cutter head having an axis of rotation, conprising, one or nore knives,
each knife having a cutting edge on a 5 circunferential periphery of said
rotary cutter head, each knife having a knife angle of about +10 to about
-15, and a cutting edge angle of 70[err] or nore, and provided that no
point on a cutting face of said knife is further fromsaid axis of
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rotation of said rotary cutter
conpri si ng,

for cuttinGygbyEses .

said rotary cutter

rotary cutter head,

-15, and a cutting edge angle of 70 or
said knife is further fromsaid axis of

a cutting face of 15
said rotary cutter

polymer with a rotary cutter

rotary cutter head which

rotation a or
each knife having a cutting edge on a circunferential 20
each knjfe having a k |l e of abo

said rotary head,
-15, and a cutting edge
point on a cutting face
of said rotary hbaGBcm
recited in Claiml, 2 or
80[err] or nore. 5. The
wherein said knife angle
recited in Claim2 where
bed knife is about 2 mm

&7,

has an axi s of

\ngl e of 70[err]

nor e,

a

otati on and  -one or
rcunferenti al

head than said cutting edge.
wherein the inprovenent conprises,

225

head than said cutting edge.

a bed knife,
a nmeans for advancing polyner into said rotary cutter
head has an axis
each knife having a cutting edge on

rotary 10
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30 7. The process as recited in Jaim3 wherein a distance between
said cutting edge and a bed knife is about 2 mmto about 5 nm_ 8. ’y‘lﬁ
appar at us W0 99/168%8ss as recited in Claim1l, 2 or 3 wherein FGTYPU gmgl e
bet ween said axis of rotation and sdd Butti ng edge is about 0 to about
3[err]. 35 9. The process as recited in Claim3 wherein said
polymer is a thernoplastic. 10. The process as recited in Claim9 wherein
said polymer is originally in the formof a strand. WO 99/ 16599

PCT/ US97/ 17630 11. The process as recited in Caim9 whereir3ai d pol yner
i's continuously Eei@o aaurotary cutter head. 1 E proces$% as recited
in Claim21l0 wherki m m cr oss sect i gnat+—dI nensi on of said strand is
about 2 nm 5 13. The process {@s~reciped in Caim110 wherein said
strand has a circular or square 0SS kedqtion. }4. The process 4s recited
in Claim3 wherein said pol ymer \coltg{ ns ajf ' eaSt ope\filler or Yeinforcing
agent. 15. The process a dciied i N\ ai nH10 i’ gl n/sai d pol ynkr contai ns
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10 least one filler or reinforcing agent. 16. The process as recited in
Claim3 m%&b&]&%' ets or granules of said polyner are pr°d$ﬁ%ﬂ1599/17630
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