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PPLI CATION This application is relatéed to application Serial .
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t material 10 cutting, and deals nore particularly with an
met hod for cutting a single ply of sheet material, or a thin
h plies, spread over a supporting surface by nmeans of a cutting
el ative to the support surface by a controlled trans- lating
Aut omat i CHLTRASONICORPRARATUSI AYDNMERHABs for cutting
of sheet material, oFOR CHTRINGaSHEBE MATERFALes. are known in
t as illustrated in U S. patents 3,522,752 issued to Schnei d;
sued to Pavone et al; and 3,776,072 issued to Cerber et al.
he types of she€ROE8t+BEFERENGE TOURELATEReABPLAEARLPNMachi nes
et material such as woven and nonwoven fabrics, paper, |eather
bi | and fil aFehEarpPiheatsopr ifagedatede tgenePaicabieont Serighi ¥o.
rovide _an automatically controll ed sheet terjal cuhtbng.
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Pearl, entitled METHOD AND APPARATUS FOR CUTTING SHEET MATERIAL

L=

WITH A CUTTING WHEEL.

BACKGROUND’OF THE INVENTION

This invention relates to the field of sheet material
cutting, and deals more particularly with an apparatus and method
for cutting a sinéle ply of sheet material, or a thin stack of
such plies, spread over a.supporting surface by means of a cuttin
tool moved relative.to the support surface by a controlled trans-
lating means.

Automaticaliy'controlled cutting machihes for cutting a
single ply of sheet material,.or a thin stack of such plies, are
known in the prior art as illustrated in U.S. patents 3,522,752"
issued tp_Schmeid; 3,772,949 issued to Pavone et al; and 3,776,07.
‘issued to Gerber et al. Typical of the types of sheet material
cut in the priof art machines are limp sheet material such as
woven and nonwoven fabrics,'paper, leathe:,‘cardboard, foil and
filamenfary sheets or tapes.

The géneral object of this invention is to provide an

automaticélly controlled sheet material cutting machine and

method providing improved cutting of many materials, including
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ting of conposite materials such as those consisting of R i
boron fibers enbedded in an uncured or .partially cured resiln':

phich are difficul't to cut by other means. Another object of the
5 to'provide a cutting 5 machi ne of the foregoing racter,
cutting tool cuts with an actiongwhich is largely orlnarily
Ng nature, wherein such cutter may cut at a relati hlgh '
pvherein forces tending to shift the sheet materi al t he pl ane

prt surface are minimzed. 10 & her objects and

bf the invention wll be apparent fromthe follomdng detailed
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support surface: fhe cutting sur ace
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|Wlﬁﬂufﬂziétbéﬁ“ﬁﬁﬂcﬁh§s2§argéﬂ9|o§ @HEth!1§U6fa§ecﬁ@§hiﬁ@ nature,

a'-v(;l(xa‘ereln such cutter may cut at a relatively high speed, and
wherein forces tending to shift.the sheet méterial in the plane
of the support surface are minimized.

Other objects and édvantages of the invention will be

apparent from the following detailed description of the preférred

embodiments.

SUMMARY OF THE INVENTION

The present invention resides in an apparatus and method
for cutting sheet material by means of a cutting tool working in
combination with a relatively hard supporting surface on which
the sheet material is spread. The tool has a cutting surface
facing the support surface and further has associated with it an
ultrasonic driver which vibrates the cutting surface of the tool
at an ultrasqnic frequency, and at low'amplitude, along an axis
As the cutting

generally perpendicular to the support surface.

surface is so ultrasonically vibrated the tool is moved along a

desired line of cut causing the material to be severed by a
crushing action as it is ultrasonically squeezed between the |

tool's cutting surface and the support surface.
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ntion also resides in the cutting tool
’defining a cutting surface elon- gated in one direction parall-<el
ipport surface or in the formof a menber -havi hg a.generally.

bnd portion defining 5 the cutting surface at its apex or point.
ng surface itself my define a relatively sharp edge or point, a
br spherical surface, or a surface flat in at |east one direction -
SCRI PTI ON OF THE DRAWNGS Fig. 13is a perspective view of a cutt-igg
5 in 10 which the present invention is enployed. Fig. 2 is a side
hal view of the cutter of Fig. 1. Fig. 3 is a front elevational

he cutter of Fi

e el
; eftyef: nine CForg GE #seabeniecifanion fhe tfe; Py trss <Pfine
niebeg 18-t figopsipn prfaiters < SHETRRBCKpERheF L0t
am§°%’5°g{f | RReE RovihE s ﬁkggaﬁ'lgoggéﬁ%t“?hegﬂi ??%5153933522%9
dEﬂéeéﬁ@%lﬁﬁoghkﬁgEeogtF&Qs apex or point.

The cutting surface
itself may define a relatively sharp edge or point, a rounded

being either in the form of

or spherical surface, or a surface flat in at least one direction
' .

BRIEF bESCRIPTION'OF THE DRAWINGS

Eig. 1l is a perSpective view of a cutting apparatus in
which the present inveﬁtion is employed.

| Fig. 2 is a side elévational view of the cutter of Fig.

Fig. 3 is a front elevational view of the cutter of
Fig. 1.

Fig. 4 is an enlarged side viéw, partly in elevation
and partly in vertical secéion,'showing the mechanism for raising
and lowering the cutting tool of the cutter of Fig. 1.

Fig. 5 is a fragmentary side elevational view of the
cutting tool of the cutter of Fig. 1. |

Fig. 6 is a fragmentary front elevational view of the
Fig. 5 cutting tool.’

Fig. 7 is a still fufther enlarged fragmentary froﬁt
elevational view of the Fig. 5 cutting tool.

Figs. 8 and 9 are views similar to Figf 7 ‘but show

tools with cutting surfaces slightly different from that of Fig.

7.

| %
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10 is a viewsimlar to Fig: 5 but shows an alter- native form

g toel which may be used in the cutter of.Fig. 1. Fig. 11, a*
it i onal view of the cutting tool of Fig. 10. Figs. 1 13
imlar to Fig. 11 but show tools Wi th cutting surfaces [y

romthat of Fig. 10. Fig. 14 is a viewsinilar to Fig. \5
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general ly designated 10, in which
S 20 to be cut is positioned on a hard, '
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support surf 11 ofs & CRdAD G IAROLk] JHay BENME JPLHR tool
jr cutting rela |ver thin sheet nmateri al

whi ch is positioned on
oF fRiGe, ojn the formof a single ply or in the form

Figs..iz and 13 are views similar to Fig. 11 but show
tools with cutting surfaces slightly different from that of Fig.
10. |

Fig. 14 is a view similar to'Fig. 5 but shows another

alternative fofm of cutting tool which may be used in the cutter
. of Fig. 1. |
Fig. 15 is a front elevational view of the cuttiﬁg tool’
of Fig. 14. o

Figs. 16 and 17 are views similar to Fig. 15 but show
tools with cutting surfaces slightly different from that of Fig.

15.

DETAILED DESCRIPTION -OF THE _PREFERREI'D EMBODIMENTS
, Fig. 1 illustrates an automatically c§ntrolled cutting
machine, generally designated 10, in which the sheet material S
to be cut is positioned on:a hard, sqgoth and continuous support
surface 14 of a cutting table 16. The.machine may be utilized .
for cutting relatively thin sheet material which is positioned on
the support surface 14 in the form of a single ply or in the form
of a low stack consisting of only a few plies. The illustrated

machine is numerically controlled by means of a controller 18




"of a W[ stack consisting of only a few plies. The illustrated 25 machi ne
. 1's n, cally controlled by means of a controller 18 whi ch  gui des the
cut tfi ool 11 of a cutter 12 along predeter- mned I'tnes of cut, such as
i ndi at P, that define, for exanple, the periphery of pattern pieces
form h man's dress suit. The contou¥s or shapes of the pattern pieces
and the jpsso- 5 ciated lines of cut are defined in a programtape 20
which ig|lread by the controller to produce nmachi ne connand signal s that &g
transmtffed to the cutting table and cutter through a command signal, cable
22. The |puvhéeh 1Qu%§e§u§B§néE&tABGVEOPﬁeléuﬁﬁoPtC§GFFEcé2161°n$496Fd?H%r‘
tabl e 14{ by neans,of an_X-carriage 26 and.a. Y-carr ﬁ X-carri age
26 trans aTb%eﬂaEknﬁﬁd°foFPﬁ'o§Bthﬁ§ %B bSPFeguPFage t théefFPﬁstf%Fed
X- coordifpat e dlie %gn on_a et of racgg % ar e erat;ve%¥
engaged |py®E¥AR>Gr i vBSnBEHFP ﬁrgnQFgP? =3 Bbﬁﬁﬁﬁd OrBARF s PaRsHi 2T RES
t hrough |f he cabl e The Y-c¢ age nted on the_Xic age
for movdfeRtLFe a?ﬁee%t?ﬁascaﬂF§§8€§6°Fn§{1ﬁep¢« e85 apiarsearpacERs A%Eha
is trapdg| ate riye t 3 a 8 nggt bet ween
t he nolqf %h%tg%ef%g%gigée gg Q%e Se?Qﬂe rlgegnégggwéi t%ﬁg gﬁ.v%f%%tgé
i's alsolenggghz BHHE d18:8N8bSpk6audd mabRiNEdcbihING st BhatabLe 2
fromt hd ggétr ?? _ﬁ coord nateé ngsenen sco?ﬁtﬁe ga?r?ages 3%
?Rd 2? Bra§§éa€§aﬁ§ﬁlﬁﬁé3'ﬂg Eﬁ@lc&étahenqasmx Rhadehiped entbhgN RatSmhing
e plane
signal cable 22.
The cutter 12 is suspended above the support surface
10 14 of the table 16 by means of an X-carriage 26 and a Y-carriage
28. The X-carriage 26 translates back and forth over the support
surface in the illustrated X-coordinate direction on a seﬁ of
racks 30, 32 which are operatively engaged by an X-drive motor 34
energized by command signals transmitted through the cable 22.
15 The Y-carriage 28 is mounted on the X-carriage for movement
relative to the carriage 26 in the Y-coordinate direction, and
is translated by a Y-drive motor 36 and a lead screw 38 connect-
ed between the motor and the carriage 28. Like the drive motor
34, the drive motor 36 is also energized by command signals re-
20 || ceived through the cable 22 from the controller 18. Thus,
coordinated movements of the carriages 26 and 28 translate the
cutting tool 11 along any predefined cutting path in the plane |
of the support surface 14.
In accordance with the invention, the tool 11 of the
25 cutter 12 has a cutting surface, facing the support surface 14,

§
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Bport surface 14. In accordance with the invention, the tool 11 of

ges the sheet naterial S to be cut and which is vibrat-
frrequency toward and away fromthe support surface, _
IXi s perpendi cul ar to the sheet terial such as the illustrated
ul trasonic vibration of the 5 tool's cutting surface is
as the tool is noved along the desired line of cut with the
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means for ultrasonically vibrating it may vary, but in

d sa2Faceh)thedy ief Pl diiss igedipandikalaroftodrhel ehgatetaterial
orn 40 driven by a transducer, consisting of a converter 42 and a
|, sheh agnthi! ii10 vitralted atdxig ol ailild edltraisondk ofibiraitidnobitCthe |
lency into a correspondi ng ultrasonic frequency mechani cal

oftoblé shouttihige seirfizice dad naigrtaines @sothaéedoby)l dspoowedsapphy
li t ably connected with the converter 42 as by neans of a cable 48.
t kbepdesiredpplipeusfi adk iwithhdhe mesutls ftheh tthe sheedr materpal
|l it could be 20 nounted on the carriage 28 so as to nove with the
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the sheet being ultrasénically Squeezed between the tool's cuttin
surface and the sﬁpport sﬁrface. |

The cutting tool and the means for ultrasonically
vibrating it may vary, but iﬁ the illusﬁrated case, by way of
.example, £he-tool is part of an elongated acoustic horn 40 driven
by a transducer, consisting of a convertér 42 and a booster 44,
for conﬁerting an alternating electrical signal of ultrasonic
frequency into a_correspondihg ultrasonic fréquency'mechanical
vibration of the horn. The.electrical'signal is provided by a
power supply unit 46 suitably connected with the converter 42 as
by means of a cable 48. In Fig. 1 the power éupply uﬁit 46 1is
shown remote from the cuttef 12, but if desired it could be
‘mounted on the carriage 28 so as to move with the cutter, or it
could also be located in 6? near the controller 18 with the
electrical signa; being supplied to the cutter through the cable

22, Power supplies, converters and boosters, such as shown at

46, 42, and 44, are availablé from Branson Sonic Power Company,

Eagle Road, Danbury, Connecticut 06810. Preferably, the tool's
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jal signal being supplied to the cutter through the cable 22. Power \
H, converters and boosters,

such as shown at 46, 42, and 44, -are

e from Branson Soni c Power Conpany, 25 Eagle Road, Danbury,

cut 06810. Preferably, the tobl's cutting surfacé, hereinafter
Hd in nore detail, is vibr ed at a frequency of between 10,000 Hz
000 Hz, at a relatively low anplitude of vibration, such as a .
P& ! &g? £ 0P1qb 8601888 PnOfbré Ngbeabl, is vibraws
aéﬁ%ﬁgﬁaeéw pﬁégjbﬁéﬁgfg??ngpi? tﬁelconverterr42 and b60§ter144,
©hq a5y SN OMPedefibfSos pabledn 20, 600 chgVaha! 168) 00008z Plat 04

bet ween a Towered position, shown in Figs. 2 and 3, at which the

| S-d di m@ﬁwlﬂeaae%fhvibﬁaﬁheﬁt S8ERT 28 a peakdto-pealksed
at %&#%% fg - -the tool is out of engagenent with f%e'sheetp -
anpEL ©h@y b proeewesénge. 001 Dathdend a0 bogekehch2 whi ch engages the

r 42 at a vibration node and fi xes the converter to the renmai nder

Jarri age and th&eul seasohiackeénsSdueagagesnshetbngsofr the @@nﬁerte:.'ﬁ”
Jn node and fixes it to the renmni nder of 15

t he carriag For its.

e.
anR | and rbogs bew eddnt 1 s hpovhbedt oascahowni dneFgsi s2sandab) yon- an
d on two vertical guide rods 56, 56 having their lower ends fixed |*
i zeleed toupparripgat 8058oantovaBeRtubpEveends 1ekeretoPashideRet 60|

ried by the 20 support pl ate, The'sugggrt-glate_58 i ertured

tghown in Figs. 2 and 3, at which the 1 11 1s in cu tggg.engage"
ment with the sheet material S, and'a réised position at which
the tool is out of gngagement with the sheet material. The
elevator carriage 50 includeé a bracket'sz which engages the
convefter 42 at a vibration node and fixes the converter to the
remainder of the carriage ahd likewise a bracket 54 éngages the -
booster 44 at a vibration node and fixes it to thé remainder of =
the carriage. |

For its raising and lowering movement the elevator car-
riage 50 is slidably supported'oh twé verticél guide rods 56, 56
having their lower ends fixed to a hofizontal_supporﬁ plate 58
and their upper ends fixed to a bracket 60 also carried by the
support plate._ The support plate'58.is apertured to allow the
horn 40 to loosely pass through it.

" The cutfing surface of the tool 11, described in more
detail hereinafter, may take various'differént'shapes. In some
cases the cutting surface may be eiongated in a direction perpen-
dicular to the 6 axis, and when this is the case the base plate

58 is supported on the carriage 28 for movement about the 8 axis,




descrjbed infnore detail hereinafter, may take various different shapes.
In some casdp the cutting surface may be elongated in a-direction perpi§1§‘
I's supported|lon the carriage 28 for novenent about the [err] axis,
geqerally cdlinear with the longitudinal axis of the tool 11, and a
18, rotates [fhe base plate 58 about the O axis to maintain the direction_of
el ongat i on geseraliyngodinearewith §bgedongitudigast axdst A€ thaeteohelhg and
vary widely,|| bat spisablebfyive mechbasigmeiBpfhen carEipgRer8d £8
the elevatorjcarriage_the_cutting tool 11 is urge tggarg the cu
r micné&
by either open | gop or closed |o neans. . The actuat sed.in.suc
mechani sm BQIEEPHQrth?dE&EFFEQPPy?gpﬁéﬁﬁﬁ?%&QPIy ofﬂglgg%F%gglpgrface
mechani sm
15 as showh in Fig. 4, d ' oAl | Rk iaRd+hBeel 89264
A peBKeRTgh 8%, Rhisifls db dPRRRIRY o etavakts
‘conpr essi on $pEibng;iG8ei Sof GG | pidedy,| B pRleresa®ly iR 1BeohyowhREraB¢ in
surrounds th E??%ég§8d§84ﬁgg g??ﬁerl78 L %%b © ¥ i ¢

hofﬁ 40 to ljposely pass through it. The cutting surface of the tool 11,
25 dicularifto the [err] axis, and when t@%s is the case the base p
Sui | e drilye nechanismin the carriage 28, controlled by the controller
cut. The nmeghani smfor raising and lowering the elevator carriage 5 y
8Frolasaiby the
téing.
surface 14 dhd°SREEPlABEeLPal TOtates Ehe P3sE opgr £Bec8; Bt shRd
power ed. B of _exanple, in.the illustcated ' rai sing and | ower
s%gPsraﬁig 5ﬁgﬁﬁﬁﬁi§8a ﬁaﬁé%g6§ F%%%% %%ﬁfhe base plate 58,
passes | oosely through a
the lowered position of the elevator car;iage the cutting tool 11

is urged toward the cutting surface 14 and sheet material S with
10 a predeterﬁined force established by either open loop or closed
loop means. The actuator used in such mechanism may be.éither
hydraulically, pneumatically or e;ectrically powerea. By way of
example, in the jllustrated case the raising and lower mechénism
consists of a pneumatic actuator 62 fixed to the base plate 58,
15 || as shown in.rig. 4, and having a rod 64. At its upper end the
rod 64 passes loosely through a drive lug 66 on the carriage 30.
A helical compression spring 68 is received in a cylindrical
' recess in the lug 66 and surrounds the drive rod 64. A slider 70
is élso-received on the rod 64 and is located between the top end
20 of the spring 68 and an adjusting nut 72 threaded onto the upper
"end of the rod. Below the lug 66 the rod 64 has fixed to it a
~collar 74. Pressurized air is supplied to and exhausted from the
actuator 62 by pnéumatic lines 76, 76.

‘'When the elevator carriage 50 is in its lowered posi-

25 tion, as shown in Fig. 4, the piston of the actuator 62 is rot
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by providing a sensor- for detecting the downward force applied to
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62 so as to mai.ntain such downward force at a preset value. The

cCetldt tdf gpapitgsi oDhipr addi6Sohalwdewnwhedafbruatomag2bandoibrol -

ator carriage 50 provides sone resiliency for novenent of the tool

e Ledtbxa¢omtrelllng thei psessheedofinthedaiior seprppedetobyhe hactu-
ator and this pressure may in turn be aqudas controlled in either
an open loop way,_as by a set air supply pressure dictated by the
‘controller 18, or in a closed ioop way, as by providing a sensor
for detecting the downward force epplied to the tool and a meens
fer controlling the air pressure supplied to the actuator 62 so
as to maintain such downward force at a preset value. The pre-
sence of the compression epring 68 between the actuator.62 and
the elevator carriage 50 provides some resiliency for movement of
‘the tool 11 in the vertical direction against the downward force
applied by the actuator.

When the elevator carriage and its associated tool il
are to be raised from the lowered position shown in Fig. 4, the
actuator 62 is energized to extend its rod 64, during which
extension the fixed collar 74 engages the lug 66 and drives the”
carriage 50 upwardly to the desired raised position.

As stated, the actual shape of the cutting surface of
the cutting tool may take a variety.of forms and some forms may

be better suited to cutting certain materials than others. Re-
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evator carriage and its. associated tool 11 are to be raised from
¢ position shown in Fig. 4, the 20 actuator 62 is energized to_
Tod 64, during which extension the fixed collar 74 engages thg ‘
drives t he carriage 50 upwardly to the desired raised p05|t|4?

the actual shape of the cutting surface of the cutting tool s
ety of forns and sone forms may 25 be better suited to cuttlng
erials than others. Re- ferring to Figs. 5, 6 and 7 the

| cutting tool 11 of Figs. 1, 2 and 3 has an end portion 76 which
cdlerininigt $ouFias r §oi dn andi uiheh Pelustzatad QgtdPg oatagdd Ao
ttlng surface in the formof_two bevel_ surfaces 78 78 wh
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.ne anot
tends to wedge the sheet material S between the cutting edge 80

|

tions 76
portion 76
edge such s
the cutting
joined to
-and the support surface 14 as-the too1 is moved in one direction
- 10:}| or the other anng a line parallel to the cutting edge.

Figs. 8 and 9 show cutting tools with lower end por-
tions 76' and 76'"', respectively, which are identical with the
lower end portion 76 of Fig. 7 except that the cutting surface
.does not have a sharp edge such as the edge 80. Instead, in the
- 15 end portion 76' of Fig. 8 the cutting surface includes two bevel
‘surfaces 78' and 78' -which are joined to ohe.another by a flat

dewnwardly facing surface 84. In the tool end portion 76'' of
. Fig. 9 the cutting surface is defined by two bevel surfaces 78'’',
78'' joined by a rounded downwardly facing surface 86.
20 In the tools of Figs. 7, 8 and 9 the sharp edge 80, the
flat surface 84 and the rounded surface 86 are all straight or
-eubstantially straight as seen in a side view such as Fig. 5.

Fig. 10 shows another tool lla having a lower end

portion 88; In this tool end portion the upper region is cylin-

25 drical and the lower region'is formed to provide a convexly
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urface is defined-by two bevel surfaces 78'"', 78'' joined by a-.
ownwardly facing surface 86. 20 ' In"the tools of Figs-
9 the sharp edge 80, the flat~4drface 84 and ‘the rounded surface:
1 straight or substantially straight as seen in a side viéw such
Fig. 10 shows another tool |la having a | ower end portion 88. In
~end portion the upper region is cylin- 25 dri cal
formed to provide % convexly .curved cytting surface as seen in
v, cupyed SR tLRIFSYE face 24 SEENs ddh Sdd@ (ViAiGYour Alc ShP¥ngdn FédSpy
rfages.90 0 which intersect .,to farma relativel har
1 effg 1aaguc, igting SuE'rale i de¥ifsl by ool eled Bk aces
t tgal _lla.of _FEig. 10. . The tool en qQrtion 88" of, Fig. S
ogﬁhagaoVL#FB.l?fegfgggttPththg'fﬁga%@xﬁlyé3%F§8eg°§6g?régy are
i N | n"the tool end portion 10 88'' of Fig. 13 the two
rfaces 90" ', s. ahe hai A8]d b 9 IsCh £l 0 dywhen-
Fggs._i ah ?g.spﬁwaﬁﬁ%g%%%%e @dﬂﬂg ?Flﬁhﬁ %ng }?Q

romthe front “ds’in Fig. n a e 00 ustrate
roeughaloibte Sl Lediephincsrktch) amOslateig ons, by SiuAeE: o
8KaE€ of Fig. 1l except that the two bevel surfaces 90', 90' are
joined by a downwardly facing surface 94 which is flat when
viewed from the front as in Fig. 12. In the tool end portion
88'' of Fig. 13 the two bevel surfaces 90'', 90'' are joined by a
surface 96 which is rounded when viewed from the front as in Fig.
13.

In all of the tools illustrated in Figs. 5 through 13
the cﬁtting surface i§ elongated in one direction parallel to the
support surface 14 and the tool must be rotated about the 8 axis
to maintain the elongated direction of the cutting surface tan-
gent'to'the line of cut. Figs. 14 through 17 show alternate
forms of tools wherein the cutting surface is symmetrical about
-the @ axis so as to require no rotation of the tool. 1In the tool
" 11b shown in Figs. 14 and 15 the tool includes a lower end por-
tion 98 which is cylindrical in its upper regioﬁ and which in its

lower region has a conical tip 100 defining a sharp cutting point

102. The lower end portion 98' of the Fig. 16 tool is similar to

defines a flat circular and downwardly facing surface 104. In

and t he Iome{_,

/.§ag?§g“%§ggy95aC|ng surface 94 which is flat when viewed fromthe %

that of Fig. 15 except that the conical tip 100 is truncated and




¥

¢utting su
rotation o
tool inclu
regi on and
cUtv}ng po
to that of
defines a
t he tool

sharply po
general ly

The di f1er fnt
an exenpl afly

.selected o
“mat eri al

‘be used wi
~has a surf
. Figs. 8, 1

~vary depenfli

may range

10

15

20

25

to mai-ntaifl
i ne of cutl.

ek

-

H

p w—

E
4

i

the el ongated direction of the cutting surface tan- gent to the

Flgs 14 through 17.show alternate forms of tools wherein the _
face is.synmetriecal about the [err] axis so as to require g )
the'tool. In the tool 20 ||V shown in Figs. 14 and 15 )P
es a | ower end por- tion 98 which is cylindrical inits
which in its |lower region has a conical tip 100 defining arp
nt 102. The |l ower end portion 98 of the Fig. 16 tool I1s-simlar

Fig. 15 .except that the coni cal tIP 100 is truncated and 25
|aﬁlg+rbblbheahqouoendapqrylaacﬁﬁg shas azecaniical | pip 1094’ wlyich,
d portion 98'' has a conjcal 100'" which, instead of being

nt%&?%ﬁa@r%ﬁc%?bﬂga§h§ﬁPF¥gP°EB€%¢ Qp, tﬁagcat¢6uﬁ%eﬁnoﬁlg- 15 or

cal l hape ownwar dl C surface 106.
s, y%?r%%t“g?& T ogractal B, Phetl ety sehared iowmRIdY, o
arJety fr 5% the parti- cular tool to be used may be
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suits the characterlstlcs of the material to be cut and other
opefating factors. Many other shapés may also be used without
departing from the invention. 1In cases where the tool has a
surface which is flat in at least one direction, as in the tools
of Figs. 8, 12 and 16,-the thickness dimension of that flat
-surface may also vary depending on the nature of the material
being cut, and, for ekample, may range from 0.005 inch and 0.250
inch. In cases where the tool includes a sufface which is
_rdunded in at least one direction, as in the tools of Figs. 9, 13
and 17 the radius of curvature of such curved surface may vary
depending on the material being cut, and for example, may range
between 0.005 inch.to 0.100 inch.

In the aforedescribed apparatus, the cutter is urged
toward the cutting surface 14 by a downwardly directed force at
least a part of which is supplied by the actuator 62. Such an
a¢tua£or-augmented tool force is ﬁot'howevér essential to the
broader aspects of this invention and, if desired, the cutting

tool in its lowered or cutting position may be urged toward the




» Jngh. |In cases where the tool includes a surface which is rounded in .
3t one direction, as in the tools of Figs. 9, 13 and 17 the radius-of.
' e of such curved surface may vary depending on the material* being -
cut\N_an@l for exanple, may range betwd@n 0.005 inch to 0.100 inch. 20

| n-t.he #f oredescribed apparatus, the cutter is urged toward the cutting
-surface(ll4 by a downwardly directed force at Least a part of which is )
supplieff by the actuator 62. Such an actuator-augnented tool force is not?*
however es;,g@i .d : aglgr t g0 .S3 LPRYeRk : ired,
t he cut{li ng f%%% Iéﬁﬁf$%§ gwgéggfgrﬁ¥u%¥%ggéﬁg§¥t?gneﬁﬁso Etﬁézg
towar d {Nenovind (P ts NS By f 866h 1de IBRE! WobXih§eieboRuRétibR wetkigal |y
nmovi ng Harts or” by such weight working in conjuhction with a spring neans
whi ch eift hihr Bglgl Smd DO whibh r @Cthef r 2AES UED VLI Slibtrd6td Siom! shel téeight.
al ternatli ve, the displacenent of the cutting 5 tool fromthe support
surface|inas e sl ofhethép abteinavivdyrthg Aisplategenpedft tivg, catingn
fundanefjt al positional reia- tionship between the cutting surface of the
tool &l ttwolufiomttisersappoit. sénfappamay use wentrolléd tio sphiweatm; of

t he cuttfing 10 tool is controlled is shown in Fig. 18 and includes a .
cutter 12'during xwueting opeéyavibgnpfai givenr fundanentalepesitional meka~
to the flutter 12 of Fig. 1 except that the el evator carriage 50 has fixed
to it aflditinnshiprbeteeenrthescutting aguvfieceoeki bige ohoeheand the support

surface 14.

—

An apparatus wherein the displacement of the cutting

10 £ool is controlled is shown in Fig. 18 and includes a cutter 12'.
This cutter 12', by way of illu;tration, is generally similar to
the cutter 12 of Fig. L except that the elevator carriage 50 has
fixed to it a displacement sensor 108, such as one working on the
capacitance between it and the supporting surface 14, providing
15 an electrical signal representative of the spacing between the
sensor 108 and the surface 14. This signal is transmitted by a
cable 110 to a control system and motor 112 which compares the
displacement signal from the sensor 108 with a preset value and
which adjusts its output rod 114, and the attached elevator

20 carriage 50, vertically to maintain the sensor signal equal to a
preéet value. This therefore, maintains the sensor at a fixed
displacement relative to the supporting surface and accordingly
maintains the cutting surface of the associated cutting tool 11
at a fixed fundamental position relative to the supporting

25 surface.
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gcapacitancg between it and the. supporting surface 14, providing 15 an & . .
tel ectrical signal representative of the spacing between the sensor 108 and ™.
*{he 'surfacé 14. This signal' is transnmtted by a cable 110 to a control - ==
syst-em and nmotor 112 which conpares the diyspl acenent signal fromthe sef

108 with a preset value and which adjusts its output rod 114, and the [/
attached el evator 20 carriaggyfdd vertically to maintain the sensor

si\gpal equal to a preset value—This therefore, nmamintains the sensor at a
fixed displacenment relative to the supporting surface and accordingly

mai ntains the cutting surface of the associated cutting tool 11 at a fixed

fundanental position relative to the supporting 25 surface. CLAI M5 1.
Apparatus for cuttihg sheefPRarafpal fPAcFRBEABEAREREaRahRT hal| bRedudiRd as

graphite or bomate®ey Giifthi @ultr els0 stidin \Wst Z el pHiit@ BG AGlricdN oneisng a sharp
edged tool, sabgﬁaqfar%y S CO u }ingg 3Fﬁeans 5 defiggng a hard support
surface for su i Ca® 9 & e PaPdt o8 RS ORa 8 P8l 3spr ead
tfier eover, a claharp] edgeld tanoilng s icutaippag asursl @ priisding :atai mg amsans f or
rfovi ng sai 4 cutdteiﬂg,d_;,% atQQrda@ch%%irq 5;‘&9-93{& i%&%%?-iﬂwo on
A UGN IS U SS A SN S
supporting at least ohé layer of sheet material spread
thereover, a cutting tool having a cutting
surface, translating means for moving said cutting
10 tool and said suﬁpdrt surface relative to one another to
move said cutting tool along a desired liné of cut
relative to sheet material spread on said support
surface and with $aid cutting surface of said tool .
generally facing said support surface and with said
15 sheet material being located and préssed between.
said support surface and said cutting surface, and means
for vibrating said cutting surface of said cutting
tool at an ultrasonic frequency toward and away from
said support surface without substantially penetrating
20 said support surface while said cutting tool is
moved along said line of cut by said translating
means so-that said sheet material is cut by a cruShing
action resulting from its being repetitively squeezed at
an ultrasonic fbequency between said tool cutting
25 surface and said support surface without said cutting surface

passing through said'aupport surface.

* c L M s * .



relative to sheet material spread on said support surface and wth said-:

i ng-surface of saidt ool generally facing said support surface and with-
5 sheet material being: Iocateg and pressed bet:ween sai d support *
e and said cutting surface Sheans for vibrating said cutting
ce of said cutting tool at an ultrasonic frequency toward and away

from said support surface w thout substantially penetrating 20 said N
support surface while said cutting tool is aned along said line of cut B?’

said trangl ati ng nmeans_so_ |

frequeﬁe?ibe-Ew
- W t houg, ?? CWtbY
11111111111 11111
sai d support sur .
cutting sheet naterlahpaaritu—

a crushing

\;sgggﬁgemgagsb@gsggggugh sai d support surface. 1111111
M define claim1 further characterized by

made of steel. 3. Appar a r
oflekunednignsakaitmitkuitalensc

3Dl andPrAnRRore ariBod hunbisf SHERRCLSRYERA]Sy §alf ARl Geblnigs

being a sogbocarsuagecnnvabhs QVéﬁbé&lda"‘

10

15
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gomt pdgnar support in two

3.2 Apparatus for cutting sheet'matebiai as
defined in claim 1 further charadterized by said cutting
surface being elongated in one piane fixed relative
to said tool and perpendicular to said suppobt
surface, and said translating means including'means for”
rotating said tool about an axis perpendicular to séid
support surface to maintain said one plane of said tool
at a desired orientation relative to.that_portion
of said line of cut instantaneously encountered by said
tool. | | _ '

SES Apparatus for cutting sheet material as
defined in qiaim 1 further characterized by said cutting
surface being elongated in one directién generally parallel

to said support surface.

R

AR



:io .2 . Apparatus for cutting sheet material as defined in claiml
fiurt her charact.erized by said cutting surface being el ongated in one g
fixed relative to said tool :and perpendicul ar to, said support 15
surface,_and sai'd transl ati ng nmeans |ncI3$J=t ng neans for' rotating saN
about an axis per pendi cul ar to said supp surface to maintain said one

pl ane~-of said tool at a desired orientation relative to that portion of
sai\d4 i ne of cut instantaneously encountered by said 20 t ool . Apparat us
for cutting sh@de material Aspardtiveeddm autdiing fhaatharatetraraictar i zed by
said cutti ngaéméd:enbeemnﬁl &b d el deGid P aneiald e gl el to

sai d support surface. Apparatus for cutting sheet nateri al
as defined |§1"cq%ﬁ?n%5f§ﬂqq1efr'%aﬁ’a’c‘tde°rlw BR S Tt HE uricddel s seen

‘froma side gdrmyy Ay rygaraaxsualtg:ht fWid i suppaeraldsade@ral lel to said
support surface. 5 Apparatus for cutting sheet materi al
as defined in claim3 further characterized by said cutting surface as seen
from a%ide vi%® bei ? of aAmmanabu s fape.cypianatsiedtomaiantigly shabdfined

material as gdefdneth 1§ AlAIKLY AN ARG Erd 260 d ol SHEND 2

seen from a side view being of a convex shape.

L YA Apparatus for cutting sheet material
. as defined in claim 1 further characterized by said cutting
10 surface being symmetrical about an axis perpendicular to

said support surface.

\7 Apparatus for cuttirg sheet material as
defined in claim Ebfurther characterized by said
cutting surface being defined by a tip terminating in a

15 relative sharp point. )

NS Apparatus for cutting sheet material as
defined in claimlgafurther characterized by said cutting
surface being defined by a tip terminating in a

generally circular flat surface.

20 ~9 Apparatus for cutting sheet material as
defined in claim 3 further characterized by 'said cutting
surface being defined by a tip terminating in a generally

spherical surface.

NRiI1O Apparatus for cutting sheet material as

25 defined in claim_1 further characterized by means for

R0 RO



10 surface being symretrical about an axis perpendicular to said support
surface.. Apparatus for cuttirg sheet material as defined in claimé6- further
characterlzed by said cutting surface being defi ned by a tip ternlnatlng ‘in’
a 15. relative sharp point. Apparatus for cutting sheet naterial

defined.in claim6 further characteryged by said cutting surface being
defined by a tip termnating in a generally circular flat surface. 20

9. - Apparatus for cutting sheet naterial as defined in claim o
further -characterized by said cutting surface being defined by a tip
termnating in a generally spherlcal surface 10 Appar atus for

cuttlﬂg §heega terkgin g Iain11 further characterized

by nmeang‘f8r Frig §aF8r£afF| §"§ﬁ fiéé t BREPATSatHTEdFBort surface

whi | ewbaie eaﬁﬂlngttéos toodpiedmaverdgadang kiane afineubr pufpparatus for
cutting sheet material as defined in claim210 further characterized by said
nmeans fo é urging said cutting surface toward said support surface
|nclud|réﬁ n act uat oAPPBFafKrgi Agrsaraténst shgesumrheeirdwasd sai d support

surfaserined pRassafiar 1@PPLYkAEraBnaRAEEE#1REAMRYI YALEONSEhY Aghuator at a
éIXEdu¥EESESLEXd cutting surface toward said support surface including

an actuator for urging said cutting surface toward said

support surface, and means for applying an energizing medium to

said actuator at a fixed intensity.

-fﬂla Apparatus for cutting sheet material as

10 defined in claim 1@ further characterized by said means for
urging said cutting surface toward said suﬁpért surface
including an actuator for urging said cutting surface toward said
support surface, a sensor for detecting the force at which
said cutting surface is urged toward said support surfaée,

15 and means responsive to said detected force for varying
the intensity of an energizing medium applied
to said actuator to maintain said detected force at sub-

stantially a preset value.

20
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characteri.zed by said nmeans for .urging said:.cutting surface toward said
Jsupport surface including an actuator for urging said cutting surface ~
toward-sai d support surface, a sensor for detecting the force at which said
cutting surface is urged toward said sus ort surface, 15 and neans
responsive to said detected force for v %ying the intensity of an
eQEggizing medi um applied to said actuator to naintain said detected force
at~Sub- stantially a preset value. 20 13 Apparatus for cutting
sheet materiral as defined in claim1 further characterized by neans for -
mai ntai ning said cutting surface at a fixed fundanental elevation relative
" to said support surface 5 as said cutting tool is noved along said |ine
of cut. 14 Apparatus for cutting sheet material as defined in
claim13 further characterized by an el evator carriage novable
perpendi cularly to said support surface and carrying said cutting tool,
© said neans fgn310 mai Nt gigdi SRl b Wld dihS WHaE it erai £ taol at a fixed
- fundanental . el evation relatiye to said support surface including a
di spl acerfg?ﬁi%ee‘hsio'f ‘fnJO%jGH e‘él %‘b"atrh%’ai%h%ru?{)fperfgi %ﬁ#f%’%e’"% ffr‘%‘ed relative to

said el eminmtaining said cutting surface at a fixed

iAppératﬁs for cutting sheet material as 10 defined in claim210 further

fundamental elevation relative to said support surface

5 as said cutting tool is moved along said iine of cut.

fﬁl4— App?patus-for cutting sheet material as
defined in claim N further characterized by an elevator
carriage movable perpendicularly to said support
surface and carrying said cutting tool, said means for
10 maintaining said cutting surf;ce of said tool at a
fixed fundamental elevation relative to said support -
surface including a displacement sensor located near said
cuttihg surfﬁce and fixed relative to said elevator
carriage for sensing the displacement between itself and said
15 support surface, and means responsive to changes in
displacement detected by said sensor for moving
said elevator carriage perpendicularly of said support
surface to return said sensed displacement to a preset

value.
20
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carriage for sensing the displacenment between itself and said 15 support =,
surface, - and neans responsive to changes in displacenent detected by. sai-d
eqsor for noving said elevator carriage perpendicularly of,said support = 7%
8ce to return said sensed displacenent to a preset value. 20 = 15
. at us .-for cutting sheet material as defined in claim1 further -
terized by said neans for vibratiMg said tool being an ultrasonic
rical to nechanical transducer, and said cutting tool being 5 7
part of 'an acoustic horn attached to and driven by said transducer.
Apparatus for cutting sheet material as defined in claim1 further
- characteri zed by an el evator carriage carried by said tool carriage and
novabl e relative to said 10 tool carriage toward and away from said
support surface, nmeans for noving said elevator carriage relative to said
tool carriage toward and away from sai d support surface, said neans for
vi brating said tool being an ultransonic electrical to mechani cal
transducer 15 fixed to said elevator carriage, and said cutting tool
being part of an acoustic horn attached to and driven by said transducer.

NIs5 Apparatus for cutting sheet material as defined
in claim 1 further characterized by said means for
vibratiﬁg said tool being an ultrasonic electrical to
mechanical transducer, and said cutting tool being
S part of an acoustic horn attached to and driven

by said transducer.

NRib ' Apparatus for cutting sheet material as defined
in claim § further charactérized by an elevator carriage
carried by said tool carriage and movable relative to said

10 tool carriage toward and away from said support ) _
surface, means for moving said elevator carriage relative
to said tool carriage toward a;d away from said support
surface, said means for vibrating said tool
being an ultransonic electrical to mechanical transducer

15 ' fixed to said elevator carriage, and said cutting tool
being part of an acoustic horn attached to and driven by said

transducer.

20
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po+ " 17 A nethod for cutting sheet material including material wth
i bres such as graphite or boron ones difficult to cut with a slicing
acti-on using a sharp edged tool, said nethod conprising the steps of:
spreading a | ayer 5 of sheet material over a hard support surface,
having providing a cutting tool having a cutting surface, noving sz
~cutting tool relative to said support surface along a desired |ipg
oq\;ﬁe sheet material spread 10 on said support surface with g
rface of .said tool generally facing said support surface and
said sheet -material so that said sheet material is |ocated and '
bet ween sai d support surface and saidsgmtti ng surface, and V|brat|ng sai d
cutting surface of said cutting tool 15 at an ultrasonic frequency toward
and away from said support surface w thout substantially penetrating said
support surface while said cutting tool is noved along said |ine of cut
wher eby said sheet material is cut by a crushing action resulting fromits
- being repetitively squeezed 20 at an ultrasoni'c frequency between said
tool cuttiM¥urface ardmedihedhfiod SuSSInE shericaakiericodt 1osilgddnst i ng

surface ;RSN WARMUGN bPRisd sTURP YS! sH4phACR ok8 boron AnRthod for cutting

. sheet material .as-defined in claim1l urther characterized by urglng said
t ool difficult to cut with a slicing action using a sharp edged

tool, said method comprising the steps of: spreading a layer
5 - of sheet material over a hard support surface having

providing a cutting tool having a cutting surf;ce,
moving said cutting tool relative to said support surface
along'a desired line of cut on the sheet material spread
10 on said suppobt surface with said cutting surface of said
tool generally facing said support surface and engaging said
sheet material so that said sheet material is located and ]
pressed between said support surface and said cutting surface, and
vibrating said cutting surface of said cutting tool
15 at an ultrasonic frequendy-tcward and away from said
support surface without substantially penetrating said
support surface while said cuﬁting tool is moved aiong
said line of cut whereby said sheet matérial is cut by a ;
crushing action resulting from its being repetitively squeezed
20 at an ultrasonic frequency between said tool
cutting surface and said hard support surface without said cutting

surface passing through said support surface.

218 7 A method.for cutting sheet material as defined
in claim N further characterized by urging said tool
25 toward said support surface as it is moved along said
line of cut. '
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-A nmethod for cutting sheet material as defined in claim18 further -
characterized by maintaining the force with which -said cutting toot is

ur gedtQward sai d support surface at a 5 constant val ue whil e said
Nool is noved al ong said l'ine of cut. 20 A net hod faqr

eet material as 17 defined,yjn claim217 further characterized by-

mai nt aNa¥’ng said cutting surface of said cutting tool at a 10 given N\ .

fundanment al displacenent from said support surface as said cutting tool is
nmoved al ong said |ine of cut. Apparatus for cutting sheet materi al
substantially as herein described and shown in the acconpanyi ng draw ngs.

15 A nethod for cutting sheet material substantially as
her ei n descﬁﬂuéh Wi th refér@ﬂzgfﬁofehecabtbﬁﬁaﬂ?¢H§ BRrBor hgs.

. as defined in claim further characterized by
maintaining the force with which sald cutting tool
is urged toward said support surface at a
5 constant value while said chtting'tool is ﬁoved'along
said line of cut.

2220 A method for cutting sheet material as
defined in claim ?Q further characterized by méintaining
' said cutting surface of said cutting tool at a '
10 given fundamental displacement from séid'scpport surface

as said cutting tool is moved along said line of cut.

2321 Apparatus for cutting sheet material
substantially as herein described and shown in the -

accompanying drawings.

15 N 22 A method for cutting sheet material
substantially as herein described with reference to the

~accompanying drawings.'
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