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| NVENTI.ON Thi's invention relates to a nethod and apparatus for cutting|

Nureri-call ycontrol l ed cutting machi nes -such as di scl osed in U S. Patent:

shegf materi-al and is concerned. nore particularly. with probl ems that ar
in gutomated cutting machi nes when. a plurality of pattern pieces in a
cl oggly packed -array are cut fron1llnp sheet material-

3, %9B, 492, having t he MEFHOM @é@mé@ﬂﬁﬁbFﬁﬁe§§ﬁFINﬁvent|on are wel | {. °
kno in the art -an cutting var|o+s'
l'i ] sheet - materials-such as woven or nonwoven fabri.cs, vinyl and othef
pl agtics, paper, cardboar, £ 3 r thy e nachlnes frequent|
are jused to cut pattern- &Lveex dﬁi Q%na % §§§§EI§§»a predefi.ned markey.
marhler 1S an ar gy Of; pal B-{ﬁ% @eemssaﬁ;gaagg tRASaClha' 8 £9§€+é’ gpaced
Songf. i mes contactlng Felattonsh Pl 0O mnimze to guant i

(Rititng! Shidet mhddid AUl TR Ic%k:b_fneanhaebl gsrﬁﬂeawﬁlmmme of
Patent "3, 495, 492, a reciprocating cutting blade is guided al ong -

Cuttl RHropAlehts tieafamed:ﬂs)e tilne aptiomaredpiceteing’ maBRihes Wheneans of a
rical or other control " that responds to-program data deflnlng the

menon that exists in cuttlng li mp sheet materials in contrast ‘to

severs the material _as the bl ade advances along a cutting path bu
| not remove HEFEFFQL Yt8°&ﬁf°§ﬂgﬁ|FPE&ﬁPgeﬂﬁﬁh%nesﬁéu%Pr%%ult the

naﬂeybgg &%sggs n u. s. Patent 3, 495 492 hav;ng the same a551gnee as

the ‘present 1nvent10n, are well known in the art and are w1de1y
accepted 1n lndustry for cutting various llmp sheet materlals
‘such as woven or nonwoven fabracs, ‘vinyl- and other plastlcs,
paper, cardhoard, 1eather_and others.- The machlnes frequently_

- are used to- cut pattern pieces of varions shapes ln.a predefined
marker. A marker ls an ‘array of pattern pleces arranged as. cut
1n closely spaced and sometlmes contactlng relatlonshlp in order
to mlnlmlze the-total quantlty_of materxal used.  In the auto-."

/natically-controlled cutting machi._ne.of:‘U.s.;.natent_3,495,49;!_a
.reciprocating cutting blade is quided.along-cutting paths defined
‘by the pattern plece per;pherzes by means of a numerzcal or other

-control that responds to program data deflnlng the shapes and
posxtlonlng of the pattern pleces in. the marker array.

a phenomenon that exlsts ln cuttlng llmp sheet materlals
in contrast to cuttlng in. other arts is the fact that a blade
havzng a sharp leadlng knlfe edge severs the materlal as the
blade advances along a cuttlng path but does not remove materlal
to any slgnlflcant extent.’ As ‘a result the material is pushed

aside by.the advancing'blade and generally.flows around.the E
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_ |dgomnlomneshmaﬁsma;aﬂmalhact that -a blade having .a sharp |eading nife "



|If areeplanpliecdven tife abmadeibplyt hayupt eomphceddsByt fechimdest o be
forces and the resulting bending are attributable to a nunber of °f

significant forces can be devel oped agai nst the bl ade and cause. th

t deyedopedr agrdnstaspeokdnrden aadc cansey theckiadantredepartiyframen

~ a number of factors, some 0ffwhich'are knowﬁ'énd others of,ﬁhiéh'_

.
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t he advanci ng bl ade and generally flows around the -cut
pressi ng engagenent. Because of the engagenment of the bl

and al so .because linp sheet naterials are pliable even
Ply layup conpacted by vacuum as di sclosed in the referenced

mul ti -
to depart. fromthe programred |l.ine of cut regardl ess of the.accura
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di rensions than the sane pieces in the lower plies where the distu
sdiscibseli dr zhe kedfereacedopadentof signilficantufiénoes. ciinviseer,
known that the forces frequently arise in.connection-with points o

bl ade passes in close proximty tq_an adjacent pattern. pjece that

a'tthénPESHF?E‘F‘egt &é;&?i R_ft ﬁg%ﬁéﬁéﬂi&ﬁ?st RE kBpra FRERey. Bith pEhighy
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Peanayseen Kbt oo stk bl piseia cad oo ha o
of the. layup may.havefélightly.different'shapes and dimensions-
ﬁhah the-éamelﬁiedéé in tﬁé lower plies ﬁﬁé#é-thé diétufbing'
foﬁée; aépliéa tb"#hé bia&e"bg;théﬂmgte£ial'gaﬁse fhé blédé'£d

bend. Such forces én& thé re§ﬁ1ting bendinglaré attributable to

are unknown. _Howevet}7it.is'kn6wﬁ.£hat the forces frequently
‘étise_iﬁ cqﬁneétion ﬁigh'poihts of #éngeﬂcy 6::élésélapproéch in
:a cloéely packed markef a:ray; ﬁhénfa éﬁtéihg biadé éaSSQSIin”'
élosé pioximity"td an.adjaéént pattern piece that was cui’ét an
.ea;lief stage in the opératioﬂgrtﬁe kerf created bj'ﬁhe?previous
cut interrupts the éontiﬂﬁity'Offﬁhé iim§_sheet material.and .
_éllows_the.matefial gt"bﬁé;side'6f-the'knife_b1§de to Yielafmbre:u
.easily to'thé"bladé'thén3$t7£he'6p§oéite-side. 'As é-fe;hlt the
ibiade experiences uﬁBaién¢é& Latérai-loa&ihé.  Na£urally, the
c;o;er'thé cuitingfpgih apbfpaqhés.a piévibus cut, the grééteru
the unb$lanced'lbadinésﬁiil be oﬁ'§hé'b1ade aﬁd'the.éﬁéétér the .

bladefbending.t'The'bigde:ﬁaf é?ehfﬁéily break Qr'jump'cdmpleéely
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?Lgdﬁehend;ngh The blade nay eventuaIIy break or junp conpletely into,
e uItlngt the previous cut. |Inaccuracies or danmage to the nmachine ar¢’-
o t'a e-consequences.. Prior proposals for-overconlng t he’ dlffICU|ts'

ak ire associ asted with TagenC|es and points of close approach 5 inm
gﬁ;sgatagégrsczgfgudeTﬁS Patentsz 855,887 and 3, 864, 997 - assi gned to'the'
: ese-speci fications disclose th
knJ#e bl ade  may be sl owed down with reduced:feed rateaglgnafglPhogﬁzﬁd-
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rate and yaw sig S h Useffio
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to the "ﬁventdt%‘ SHed erd Set Qbsiedioppatathe samg time. Until nowc,orhow er, -
the introduction of compensating -Or remedial commands such '

_ has the reduced feed rate and yaw signals has ‘been left to

'_lthe experience and skill of the person who- digitized the

marker array and. who prepared the cutting programme of this_

L~49 .

15 pasically manual process.:g- _
'_ ~ We have thus identified a general requirement to provide
a method and ‘apparatus for automatically preprocessing
'_data defining a marker to’ identify tangencies, "points of
'close approach and. other critical cutting conditions, and
20 - to develop. compensating or remedial commands for guiding a_-"
B cutting blade past such cutting conditions without __'
sacrificing accuracy or damaging the machine due to exceSSive
e plade loading, and it is an aim of the present invention to '
Lﬁ( - _ proVide improvements ‘in one or more of ‘these respects.

.25 - According to the invention there is prov1ded apparatus
_and a method for cutting pattern pieces from sheet material
-.-as defined in the accompanying claims. ' ' _

In embodiments of the invention described below there isl-

' described a method and apparatus for cutting pattern pieces

from sheet material in accordance with preprocessed marker f:-

data. The apparatus which is employed in carrying out the

method includes an automatically controlled '
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his enployed in carrying out the method includes an autonatlcally

A

L\for cutting pattern pieces fromsheet material as defined
yng' cl ains. tn enbodi nents. of “the invention described bel g
i s dg¢eCf i bed a nethod and apparatus for cutting pattern pieces fr
makerjal in accordance with preprocessed marker data. The apparg

in
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";con rolled. 35 cutting machine having a cutting table that supportg: .

| a'p-ngﬁdgram data is operated upon in. a preprocesszng means connected

N
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'”GuteﬂhgsﬂsbhﬂﬁeahaeﬂngracauedlhglfEabledthat smppbmhsﬂlnmpesheet
ramred cutting path by neans” of drive notors and notor control nean
ucmagerbateduringnthe cuthivgrdperativnh phogwtbexiatinelydingl By tr

ern pieces in a'marker. -Prior to devel oping the: conmand,.si-gnal s
veeutthngptegl afnaht asi 3 Eﬁéi-af'éﬁaﬁﬁ@nk%fﬁ Bl-%%? ot%s%‘i“rfbqur&%%“g
iflect ed. wi th the control ne
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] recelves_and processes:the data deflnlng the pattern pleces ‘and
..such crltzcal p01nts have been 1dent1f1ed, the proce551ng means

.the cuttlng blade along a path offset sllghtly from a path at a

: pattern perlphery.

: pos;tlonlng of the pattern pleces, but also 1nclude compensatlng

cuttlng situations that would otherwzse result in 1naccurate

‘sheet material during-the cutting operation, - A cutter, i ncl udi ng

ocessing ng
é 9 entlf

reduced teed rates, yaw cohmands,” and.transl ational

nds that gupgeot hgoCak e 16pLhgdenal eaman@aéfgﬁis,eth@)e@w YeHe Of]
at a pattern peri phery. As a result, the preprocessiing nmeans. prody

wzth the control means for -the - machlne. The preprocess;ng means

identifies in the marker'data critical points of high cutting

dlfflculty 1nclud1ng poznts of close approach or tangencles. Once

'further generates remedlal motor command s1gnals such as reduced

feed rates, yaw commands, and translatlonal commands that gulde

~-AS a result, the preprocessxng means produces a program

of cuttlng commands that not only deflne the shapes and the
command signals for guldlng the cuttzng blade through dlfflcult

_cuttxng or damage to the cuttlng blade or machlne. Typlcally,.
_the preprocessing means would be a mlcroprocessor that handles -
a. large volume of data at - speeds far beyond human capabllltles
and with more completeness and accuracy than lS p0551ble or h:-

_practlcal during the dlgltl:lng processt . A more complete analysls
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of cuttlng connands that not. only deflne t he shapes and-t he- p05|t|onhﬂg of
‘the pattern pieces, - but. al so incl ude conpensati ng conmand S|gnals for
QU|dlng\the cutting blade t hr ough difficult cutting si-tuations 't hat- wou
-otherﬁnse resul't ip inaccurate cutting or. damage to the cutting blade gr
machi ne. Typi cally, the pr.eprocessi ng neans woul d be a m cr opr ocessol
that handles a. large volune of data at. spee far beyond human :
_capabll|t|es and wi th nore. conpleteness and dccur.acy-t-han is -possible or
practi-cal during-the d|g|t|2|ng process. A nore conplete anaIyS|'_ of a

mar ker i.s made _and a nore preC|se r,odu ro— : :
aut omat i cal | yo€ont Markey da ﬁ& g%fﬁé%%@%ﬂ ON OF HE DRAW NGS

5 ' Fig. ghcka arpehepauwomt\icamlyr conhnalled St MATRE
autonatlcally controlled cutting nachlne in which the present |nvent|on I's

enpl oyed. Fig. 2'is an=overal| di ran1of t he. cutting tem i ncl udi ng- the
preprocessor of the presaam OF THE s a marker of

pattern pieces shogal{ag SI cgiq}@wﬁwm;p a)fcuﬂ:mnngrsmelpl eces as
‘they are cut from ya et naterlm i%& g {hglggram
i|lustrating Hasr:.fnman tama tdsRddie aan ol p‘?‘éﬁ) ’o’é ssor In one . |
enmbodi ment . dqﬁﬁ éédﬁiihuhﬁﬁﬂdnnislemple&eﬁg a typical feed rate .
progran1produced‘%§ Eh

il lustr at| ng a typﬁé&- y%vf%?%é\?% ﬁ%ﬁﬁa@g{ g tlzsva‘é‘g%g?g glrsystem B
includlng the preprocessor of the present invention. .
t lO ' "Fig. 3 is- a marker of pattern pieces showlng the
| ' posltlonal relatzonshlp of the varlous pleces as they are
cut from a layup of sheet. materzal. :
Fzg. 4 is a block dlagram 1llustrat1ng the func- |
" tional components of the preprocessor in one" embodrment.:
-15' - Fig. 5 is a dlagram "jllustrating a typical feed.
| ' rate program produced by the slowdown generator.
Fig. 6 is a diagram illustrating a typical yaw
-program produced by the yaw generator. _ :
Flg. 7 ls a dlagram show1ng two pattern pleces in.
- éo 'the marker array in close proxrmlty 'to ‘one another and
o the technlque of locatlng eritical cutt;ng segments by
o - means of the ‘window comparator..-; : - .
"K;/ - S Flg. 8 is a table 111ustrat1ng ‘the comparlsons made -
N . . bf the w1ndow comparator to establlSh no overlap.
25 Fzgs. 9-12 are window dlagrams representlng the
- :geometric relatzonShips establzshed by the comparzsons
in the table of Flg.;S.



. | 1 us
- overl
- geomny

close
cutti

Cortp

are
- est al

Cocutti

.10 of

. tayuf

10

enl aj

Fig.
flow

an ayt

3, 494,

o machlne, generally desxgnated 10 of the type shown and descrlbed

.

di agram showi ng two pattern pieces in.:20 “the narker array
ty to one another and the t echni que of Iocatlng crltlcal
ents by nmeans -of the mnndgw conparator. Fig. 8 is'a table’
ng t he conparlsons nmade by the wi ndow conpar at or. to establish
ap. 25 Figs. 9-12 are wi ndow di agrans representlng t he
tric. relatlonshlps establlshed by the conparisons in the table of Hi

'leather, rubber and synthetlc-materzals._-The machlne is. numerx- h

_between the controller and machlne. Attached to the controller 12

is a data processor 1S whzch preprocesses program data utlllzed

‘Fig. 13 i ¥izgs dls els |d usAbbd i mﬁé&mrmumﬁﬁsbnst Radei ndoy
rator-to. locate the overl apping Sides.of the -. wi ndows. Figs. 14- 17
i bpl okl iveigvdove qonpaator nkp tlecdte the gnm:ﬂtapplngelsaﬂesnslﬂ he -
| i shed by the conparisons in t he tabl € of Flg 13, Fig. 18 i's an
m&PGQWﬁﬂmwnary V|em10f ‘t he pattern piecesin Fig. 7 at a-critical
ng area.. F\@q_.q 19 s fragrrentar% view of a critical path in 10

18 and sho %e]tfl‘r]e"ctar’iﬁtd'f?’tﬁq

(ﬁé§§§¥r|4J§§§%%ulq§bthe |

wn ~and described in greater ‘detail:-in U S. Patent.

gf 93 ;ﬁ‘; ZFQ.@CGQ.BaQ.%V%n emazrawlfﬁgt&ﬂt%ﬁ b&b&esft fehe%aetgyﬁt'
pleces 1n Flg. 7 at a crltzcal cuttlng area..

_ F1g. 19. 1s a fragmentary v1ew of a crltzcal path in
Flg. 18 and shows the d1rectlonal offset of - the cuttlng path.

' Flg. 20 is a flow dzagram 1llustrat1ng the logzc of

the path modifler in the preprocessor.

' DESCRIPTION OF THE PREFERRED EMBODIMENTS

: Flg. 1 Lllustrates an automatlcally controlled cuttlng

in greater detall in U. s. Patent 3 495 492 referenced above. The
machlne 10 is utlllzed to cut a multz-ply layup of a sheet

materlal lncludlng woven and ‘nonwoven fabrlcs, paper, cardboard,
cally controlled, and for thls purpose is connected to a numerlcal

controller 12 by means of cable 14 whlch transmlts other 51gnals.

by the controller to: produce command s1gnals for a cuttlng opera- ;

tion. The processor 15 recelves(emput-data from a cuttlng program

(quﬁrQWﬁaqﬁBﬂﬁsﬁQtﬁﬁﬁh Big. 209

Oof, t nodi fi in the
Bed B e RERRS 1. 18, EPfst r ai ds
I (nfjcﬂled cuttlng 15 _ .nachlne generally deS|gnated
Ee type s ﬁb :
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mat eri al inclqding'moven_and.nonmoven fabrics, paper, cardboard, |eather,
rubber and synthetic materials. = The nachine is nuneri- 20  .call ‘
controlled and for this purpose is connected to. a numerical contrf@
by- neans! of ‘cabl e 14 which fransmts othewv3|gnals bet ween -t he cont
and machine. Attached to the controller 12 is a data processor 15 mhlch
prep_pcesses progranldata utilized by ‘the controller to. produce conmmand
S|ghals for a cutting opera- 25 - . :tioon. The processor 15 receives: |nput
data from-a cuttlng program’ t ape 16 and processes that data before it is-
utitized by the ‘cantrol I'er .12 to command the cutting machine: As described
in greater dapelRsbathpnduesseﬁrthatsdetauﬁa&nfethe tetotbhidefabyothe
identify critical segments of cutting paths that could lead.5.to cutting
dlfflcultleeodurolﬂertmﬁ(ﬂannﬂmm@adkeﬂeammqungnmacﬂlmee past descpibeds in
in a marker to be cut. The preprocessed data is -then transnmitted to the - .
control | er §Peaberhdedaidr teXdwj dHEaprepmauBSBomaammhpmds tbe gutting data
reci procating cutting blade .20 along various cutting paths P through the - .-
sheet natertal1deﬁhef¥0cnxﬁmcahgsegmeats ©ife aast tiyg bpa tisedthabr cenddplead
i n. the manufacture of garments or uphol stery products'. The preprocessed
dat a, \Mn&htooqutbhsgtdaﬂﬁmnultdeaoduen$oo&hau;lnﬁelympa¢hdé abrapgenensg of
the cl ose packing of pattern pieces in a marker array to be maintai ned :
because t hetbat pattelrndgs ecegpein ad i mgrkemeied e putls grhellpgepheceasedngata
bl'ade through difficult cutting situations attributed to the close packing
Wi t hout Iosssothenttrm@smxntedytoThbecubnhthﬁﬁrnlﬂaﬁhn¢hm¢QUEerQStabaB data -
22 haV|ng a penetrabl e bed 24 defining thé support surface for the | ayup L
into machine commands for guiding a reciprocating cutting blade

.20 along'varaouS'cuttlng‘paths P through the sheet'materlal. - The
10 resulting pattern pieces may be used,,foriexample,:ih the .. L
mahufacture of'garments or uphclsteryfproducts;' The preprocessed
. data, which'chtrols'the;eventual_motionsjof'the cutting blade 20,
'permits.theuclose packihg'of patteru'pieces ih'a marker array.to-

_be malntalned because the data 1ncludes compensatlng commands for

1h %5 guldlng the cuttlng blade through dlfflcult cuttlng 51tuat10ns_h

: S attrlbuted to the close packlng w1thout loss of cuttlng accuracy

.EJ{ | i . _The cuttlng machlne 10 1nc1udes a table 22 hav1ng a
'penetrable bed 24 deflnlng the support surface for the layup L
'durlng cuttlng. Bed 24 may comprlse a "Styrofoam“ (trade mark)

20 mater1a1 or preferably a bed of brlstles whlch are. ea51ly pene-
trated by the reclprocatlng cuttlng blade 20 w1thout damage to
either whlle the cuttlng path P is traversed The-bed may also

:employ alvacuum system such as 1llustrated and descrlbed in.

_greater detall in the above referenced u.s. Patent 3, 495 492 for

_ 25.hold1ng the layup_f;rmly in posmthn.
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: durlng cutting. Bed 24 may conprlse a "Styrofoanf (trade nark)

reci pfogay)i ng cuttlng bl adg. 20 without danmage to either while t
path R traversed. - The bed may al so enpl oy a vacuum system $
i |1 ust
Pat ent 3, 495,4.92 for 25 holdlng the layup firmy in position.

~above the support surface of the table 22 y neans of an X-carr
eni fie dekadegeugenda cabovmrthe gupEPnt St facss dfadheakabier 2R i n
- illustrated X coordinate direction on a set.of racks 30 and 32
'y RGRPRR L tgn_éﬁrqa:ma&e i Anda &f&ﬁrféfmf%owﬁﬁﬁdxspgﬁapggef
controller arrjage 28 Jj.s. nmounted on thgéx-carrlage

26 CAREIARET Patle 300 9% Bl LML HATh AT COPFBLPRER. and

i rgafiqh i Veﬁr%"%%erﬁ svef?m%aéj %, Hheh it epBisad, BELHEC" of

20 materi al
~or prefetably a bed of bristles which are easily pene- trated by the .
he cuttfing. |
uch as .

The

__cuttingrié aget£lthd rbrads c2Griec qimfirred dnboddménitf dsbhade spispended |
age 26 and a-.
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whi.ch are

om:t he’

26 for’

-move-

ated and descrlbed in greater detail in the above referg¢nced U.S.. -

anslated{by '
and

notor
gi zed

by,

= I %&ﬁ% di-Bat enmtsofthei
--dlcclarrl ageésl!.g:’q@%x tran | ate the cut |ar¥'gs Eﬁgg&% b?onggéfgﬁti ing path-any

12, a9 Of-dd¥er g ezi%s Teuritidd i) tHeide-cddriageuperdedmbhecant

‘fashion roma platform 40 attached.to the projecting end of the

nif Qfelelteivad it tHe Srnridgedimaheity icoprdipatef dibeckiadeando

‘cutting engagerment with.the |ayup.of sheet aterial on the tabl
i ttﬁamﬂambd oy quomm hl;,otrmaris and a lead screw 38 con-

1"

ed. between the motor and’ carrlage. ere the drlve motor 34,

) |.1|

dr1ve motor 36 ls also’ energlzed by command 51gnals from the'

y

'ﬁn roller 12. Thus coordinated movements of the carrzages 26

6.28 can translate the cutting blade 20 along a cuttlng path

"l

el any ‘area of the table 22. _ _ - -

.- . . The cuttrng blade 20 is suspended xn cantllever fashlon
ffom a platform 40 attached to the projectlng end of the Y-carrlag%
‘B for elevatlng the sharp, leadlng cuttlng edge of ‘the blade B
nto- and out of cuttzng engagement w1th the layup of sheet _

ater; 1 on the table 22._ The blade 20 is reczprocated by means'

=y

a drive motor 42 also supported on the platform 40. -

= | In order to cut pattern pleces in a marker by means of
-ny automatzcally controlled machlne, 1t 1s necessary to reduce_‘ g
he contours or perlpherles of each pattern piece to a mach1ne7
‘cadable form. For a numerically controlled'machine;_soCh as

ha machine'IO'in'Fig. 1, it is customary'to'rednce the contours
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tor 42 al so Supported on t he pIatforn1hO In order to cu
es in a marker by nmeans of' 'y automatically controlled
ary to reduce he contours. or pq{lpherles of each patte
. eadabl,e form ° For a aumerical ly contiolléd machine, :
n Fig. 1, it is customary to reduce the contours  of the
e perlpherles ‘to point- data by means of a coordinate digitiZzer.
r is operated manually or in - nore.automated systems, |ine
%é@%n@rrahexéﬂn fﬁeéé%e%agﬁepywoa@ poin®t @ithesy deaRnk, off a

anpling of data 5 = points |lying on the pattern piece .

|dbdradﬁadeddbg1tﬁ§ﬁ.es The dbgitclizext ds spetated tamukdlint dori: of -
W thin the marker array as well as the individual contours of
| MO e aptqe#%osysqaﬂ@m iaea fekkoweanife c2Bnbe o1MRICYEd fRRcthf es -

| s_t hat X- d- Y- d 28 |
b Rabtoh S YR R buRE, ) SRR e F AL |
%ﬁkgnﬂyﬁg& r&?ﬁ&ﬁdy&qtew biddYeIphblibs pPRURBREAHYN ' the |
rated In at a plurality of pattern pireces formng- a

Martbsian coofﬂfﬂaﬂaslBocuhatFMhénﬂdﬁatuons oif echie0 phheerns
nflguratlons and- cl ose packi ng which brings the pieces into’
wifrhdn thetmanier) araryt asneelb af ttheopadiviblupd, cantoursif

TR SRR G, AR 0T B ek eR 6L 05 oRBkEth 12
_rgghggrﬁtéé'c&éi%&ﬁ%@ Q?Qnéi‘s tiﬁﬁt{ %faﬁgsn&?e Rad el Y-carrlages
26 and 28 1n Fig. 1 to translate the cutting blade in cuttlng
engagement with the sheet materxal along correspondxng cutting .f
paths. - | _

' *_.It is appatent from tne_ma:ke:iillnstrated in_fig; 3
thatla'piurality of:pattetn'pieces'forming a markéf-present;_
difficult cntting eitnatigns due to thei:jirreqular cbntigu:atione
and ciose paeking'which.brings.the pieeee into close pﬁoximity
or centacting-;e;ationship-with one ancther at random_points.',_
The markers tnemselves ate'generated'in_thie c;dse;y,packed. .
configuration either_manuallyhor by_automatiq or semifautomatic
na;ker generators ench as describee_inttheaietereneeLPatent'
'3,855,887. L o I

| .gig;'i'illustrates_in_an overall nloek diag:am_the.
interrelationship Q£.the va;ieus“components whieh'centrol.the. o
opefation'of.the cntting_machine lO.z,Basic,markeh data defining_ 1.

the positioning_andfcdntourS'bﬁ the-pattern pieces in a marker
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Fig.{2 illustrates in an.overa_l block di agram t he

at i onshi-p of the various conponents which control the ope at|®n of
g. machi ne 10. .Basic. marker. -data defining 25 . . the - .
g and.contours.of the pattern pieces in & mar ker arrpy, - such |
illustrated in Fig. 3, is stored in digital formin the’ programtape 16
dis féd as-an input to the data processor 15. After the data jhas been .
jal yzed in the processor 15 for difficult cutting condi:tions at fpoints Gh«f;
Angency or' cl ose a ch, .the, data t,0 her _wj t h.;any repedi al jcommand
ﬁ@%ﬁtgu Sigh oo gel ah BT v an$5080q ol et cFSS ] oM™
| ally ngLo rts the digitized
Lta [atﬁg e Wé gem]ﬁgn ggl %%okén%%){%c%%#g&ﬁ Sl gnaﬁcs |§ accorda ce with
@:‘s‘:@ﬂ&t@@ﬁ' 15E7 \WELRRd thr 48tal 1908 IBUIS ahA0geed| B alhe BEScédWuY trlansmi tted
the drive notors in the machine 10 to guide the cutting bl ade Jal ong.
3§r forediffimsl oicutding Fbgdiﬂidms Bt PedBssStob fpagescH ereces, |A and. B

-Uﬁoaﬁm*mmmcvfw

ich are positioned i.n the marker in. such a mapner that the uppdr edge of

t £1paet PProAcie the darg 5PaRther Widde 2p¥oxeRedinl Sormand over - edge of e
tts%"gnglgl fget%n idgavis! El%é Yoo lﬁ-%lrn&§5o ‘fl'?ec%tOQQrgfle{'elzoer '. phery -of

n piece e Separation O t'ern I eces

i3 ProrSrpRNG - mraeamyl Sort txei1afear eoﬁ@aeéf Qﬂn!c@l asnwﬁg)m nt} -of
c osest approach. It has been determ ned from experience that mhen the e

p rthesdbg:.tixeﬁa &pqar aadhremedsaebanfcaunaaidlsy:.nen tmtorrmonumnd di S-

Theose s1gnals are then transmitted to the drive motors-ln the -
machine 10 to gulde the cuttzng blade alonq programmed lines of
cut.: o o :
R ?ica 7 illustrates'tuo pattern-pieces, A-and.B, which
are p051tzoned in the marker in such a manner that the upper
edge of the pattern piece A is located in close proxlmaty to the
lower edge of pattern p1ece B in the v1c1n1ty of a po1nt 50
located on the perlphery of pattern piece B. The separatlon of '
the pattern pleces at the point 50 is at ‘a minimum and ‘such. poxnt
is therefore referred to as the po;nt of closest approach.'

o It has been determaned from experxence that when the_f"
points of cloSe approach~are-separated by certain nininum dis-
tances dependlng upon the type of material belng cut, the depth
of the layup and other factors, an automatlcally controlled cut-_
t1ng blade experlences great difflculty in followzng the pro-
grammed line of cut when the adjacent pattern plece has been-
prevzously cut. For example,'zf pattern piece A is cut prior to ek

pattern piece'3,-when-the.cutting blade 20 advances-along the

nt 50°is

signals 1n accordance with conventional servo and curve algorxthms -i '._g;j:;;
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| form to the programmed profile for that pattern pzece.

beihg cut, 1he dept h of the Ny
an autonatlcally control |l ed cut- ting bl ade _-‘;L)

‘For example, if .~ -
A'Ts cut prior to pattern piece B, when the cutting bl ade’ 20
t he periphery of pattern piece B generally parallel to
of- pattern piece A and cones in the vicinity of point 50,
“devel.oped by the material' and applied to. the bl.ade

Bh%ﬁ\ %é:h uppe/r s:.de
tenpt. to trac QE%Q%;
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he bl ade to fracture or, if the blade has junped into the
idagsecanés i bladd to Jumpt' oitte fhe previpusheutlevéa khgughthe
0. be displaced until the cutting edge cuts back into the. '
&t endecE-crprindat atsraphi B HAK. Gge ertting Ried Bhé?‘i/“’f?ftely

AIOPRCERT CRTSRRATIR BEPF cOF Tt HAECHEP SPh s, 305 by e

LIvkiyINED (e NAdeCplaBbE CRSLA eoac&ueal.-al { £1QRR! oh Ot Blade
cutting. pro ens. usual 'y arise only when the cutting paths

han .a -predet erm ned anount, 20 for exanple, 30 -
orar gﬁrtlaelgplgaﬁq élﬂér apmpg@d:].w &pe previous cut, the reaction ..

leahh% hiskddraditguhapoint a&himm kapses the Hdidaceoat fradtireg. |

until the cutting edge cuts back into the material and contlnues
along the remainxng portions of the periphery of pattern plece B.f
The obvzous results are that pattern piece B as-cut does not con-'
-Similar
consequences result when the pattern pleces are actually tangent
to one another. - .

: Such cuttzng problems usually arise only when the _
cuttlng paths are generally parallel and- the angular relatlonsth
of" the adjacent cuttlng paths is- less than a predetermlned amount,.':

for example, 30 degrees. With larger angles lateral loadlng ap-

_ﬁplled to the blade is not. as severe and there are no segments of

the cuttlng paths wh;ch tend to approach a parallel relatlonship
w1th one another. o |

;n—asoerdanee—aﬂh—ehe—preeene-ﬂve&teewﬁe data

defining_the_markeriis analyzed.by-the processor 15 to Ldent;fyf_"

E

oints of tangency or close approach. More specifically, the

attern piecescare'analyzed to-identify'critical-ontting,paths

to the forces by ‘the: blade may cause the materlal to be’ displaced_--
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marker is. anal yzed.by the processor 15 to identify
_ cl osé approach. Mre specifically; the pattern p
anal yzed to identify critical cutting paths ~whi ch have sépa
di stances | ess than a preestablished m ni mum separation di st'an
such cutting paths are | ocated, the processor also generates r
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processor is part of the data input equipnent-for the control

thechrotressoitt wdso genéraremrenediglaos comgmnsatingacomuandd con

One com .nmercially avail abl e processor suitable for the purpos

- |lsinas (Eoparideq tha\REade e ikectigaly pasy thes cERsHA2E £ g
wf@ﬂéﬂf‘{ tq,%t ?ﬁ(}_%%gg#{gge; nc&ryn%r ?bg,g | ocati ons of each of the

preces in | ransntt fomthe programtape 16 ipto a marker

‘menory Seial, 4heiiaetads tWha RbA: FSﬁéxQEs Jf1¢hROEREa dsdcedabicni hg each

pattern piece is |oaded sequentially into the nenory in the rder .in whi ch
15 hin patet @mbodiment. arPymidalilyotthehprécesmmr a.lsdpattltsfpﬂm‘ @aghlle that the . -
: mar ker .nenory have a-storage capacity sufficient to hold all of t'he - pattern o
' lw%mwmens faF Kehe sronthodade and Ry citwdﬁuﬁ‘a\@?"%#e A tern p. eces to '

f£¥%¥§#& programs or have a hard wired constructron. Ornie coms IR ;;]“

' mercrally avarlable processor surtable for the purpose lS a j
Hewlett-Packard ZlMXE series, model 2113. . _ _ _
f. As shown in Fig. 4, the digitzzed marker data defrnzng -

the contours and 1ocations of each of the pattern pleces in the

marker 1s transmitted from the program tape 16 into a marker -
emory 56 at the. input of the processor. The po1nt data defrnlng.f
each pattern prece is loaded sequentrally Lnto the memory in the
hrder in which the pattern pieces are cut from the layup, and it
lis preferable that the marker memory have a storage capacity
suffrcrent to hold ‘all of the pattern pieces in- the marker or’ jp_ﬁ
t least a suffxczent number of pattern pleces to conduct an
nalysrs for ‘all. poznts of . tangency or. close approach of the
1eces in one general location of the marker. '

A wzndow comparator 58 in the processor performs a
prellmrnary analyszs of the data stored in. the marker memorf 56
to determzne if- potentxally crrtzcal cuttrng paths may be deflned_
by the marker data. Such prelrmlnary analyszs is performed by '

*omparrng the maximumn and mrnrmum coordlnates of a grven pattern
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The lower and upper limits along the x-coordinate axis are

deSignated by the abscissas XL and XU, respectively. COrres- n'

pondingly, the 1ower and upper limits along the Y-coordinate

- axis are deSLgnated by the ordinates YL and YU, respectively.'

. These limits are located in the pOint data of the marker memory .

i 56 by scanning all of the coordinate data defining a particular
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attern piece under investigation and selecting the maximum and -

-inumum values for each coordinate axis._ Such scanning and

electing of the maximum or minimum value from an identified
'group of data is an elementary function for data processors.
'- Once +the window of a given pattern piece is defined

oy the comparator 58, the Window is compared with the windows of

very other pattern piece cut prior to the given piece to deter--;

ine if the windows overlap.' If the comparator finds no’ overlap,
then there will be no- overlap of the pattern pieces and the

'omparator proceeds to examine the next pattern piece in the
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- the pattern pleces partlcularly in the vxcinxty of poznt 50. The
upper and lower limlts of the windows for the respectlve pattern

' pxeces are 1llustrated by dotted l;nes and bear suffices assoc-'
lated w1th the respectrve pattern pleces. It is assumed that the-
pattern plece B is cut in sequence after pattern plece A, and

in accordance with a preferred embodrment of the anentlon, the
|Iwindow of pattern pzece B has been enlarged by a proxlmlty toler-
Qance T. That tolerance T is selected by means of the proxzm;ty |
preset 66 in Fxg. 4 and is added to the maxzmum coordznate values
and subtracted from the m;nrmum coordznate values of a pattern |
jp:.ece for the purpose of Lnsuring that no two pattern pxeces will
J|escape exam;nation if they are closer to one another than the
proximzty tolerance._ For example, if the maximum Y coordlnate of:
. pattern plece B also-happened to lie at the point of closest ap-:
proach of the two pattern pxeces, the wzndows defined at those |
coordznates would not overlap. Nevertheless a difflcult cut.

) could exlst with the pieces in such proxlmlty. The proxlmlty
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|land B as shown in Fig.'9,'and

b¥ép rEmtTated Onthlocky7o deternines dcﬁ'rﬁéﬁarth'S!andTﬁéqe

bn proceeds. to conpare the w ndow of ‘pattern piece B.w
oﬁﬁthe window forngattern piece B doesrhot over?ap Ehe legt hand )
- Statec

edge of the wxndow for the prevzously cut. pattern pxece A.

_||otherwise, the comparison in block 70 determlnes if any potentlal

for overlap exists at the refﬂrenced sides of the windows. gThe”

dlagram in Fig. 9 Lllustrates this comparzson schematxcally. Ifr

XLA_is,larger'than-XUB;-there-can be no overlap or the wrndovs A
. . : an affirmative response is output -
by the-window'cOmparator 58. -The data processor then proceeds to
compare the ‘window of3pattern pieCelB withjanother previously.cut
pattern piece and the process is repeated.until_all-previouslyf.
cut pattern pxeces have been examlned.. _ -

1f the result of the comparzson Lndlcated in block 70 -
is negatzve, a potent;al for. overlap exlsts and then the wlndow -
comparator conducts a further comparzson step zndlcated at block -

72. The comparison performed in block 72 determines if the left-

(I hand edge of the w1ndow for pattern plece B does not overlap the

rlght-hand edge of the wxndow for pattern pxece A. If XUA Ls

less than XLB, then there is no overlap of the pattern pieces as

xndxcated in Fig. 10, and the comparator 58 then proceeds to
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conpar 8 then proceeds to . analyze the coordinates.of:. anot her-
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negat i aegﬂtﬁteﬂnnﬂication is given, the comparator conducts one further
e comparison indicated at block 76. The comparison indicated at
| block 76 is illustrated in Fig. 12 and determines if ‘the lower
Wedge of the window for pattern piece B does not overlap the upper
edge of the window for pattern piece A. If the result of the
comparison at block 76.is affirmative, then no overlap exists and
other previously cut patterns are eramined. A negative indication
at this stage of analysis indicates an. overlap.-

_  As a. result of the comparisons performed at blocks '
70~ 76,_there will be at least one affirmative response if the'.
: windows of the two pattern pieces under conszderation do not
'f overlap. If no affirmative response is received from any. of the"
comparisons, then the existence of an- overlap of the windows is
confirmed. _ _- |
- Fig. 13 illustrates a. table of four additional compar-

isons utilized to find the side or sides of the window for pattern

piece.B which overlap the.window.of-pattern piece A. Anmaffirmativ'

hen

hand
1en‘—f

the_f

&l

hon
to -
{or
Prn

Ck

it

(=}




at this stage of
conpari sons perf
affirmative-resp
“under consi derati
from any of the q
mtndoms IS conflr
cH 25

for pattern pi ece
affirmativ r e
t hat the-'w ndons
si des respective
i ndi cations from
86 identify over ||gp¥
and 17, respecti |
exist in the w nc
relatingsto the t
Y-limts. The 10
responses define
anal ysi's' of the (
can, there fore,

[t will be underg
t he. need for . detq
pieses whi ch.do n

10

1s

.20

25 .

t

. another than the proxlmity tolerance T._

- overlap.

anal ysi s indﬁcétes an overlap. As a result of the.
rmed at bl ocks' 70-76, there mﬁli be at | east one - -é%%@”
nse i.f the 20. ' wi ndows of ze two pattern. pi exgS

on do not- overlap If no affirmative response is recei ved
onpar i sons; then the exi stence of an overlap of the

med. Fig. 13. illustrates a table of four additional
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four limts ass ted W t aff dd@ﬁ be under-
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alling wthin the overlap area.

idarmaHQQtbéh@Wd“&EkﬂEﬂiQEﬁafﬁéﬁpoﬁﬂhslSone relagingriteathe two .
m ni-ng.the separati on between thefp rltgherles of patterr’i1 :
:K-ﬂnmitslofethecwindews and another or the two Y-limits. The

four llmzts associated with the afflrmatlve responses deflne the
overlappxng region of the wzndcws and all further analyszs of the
pattern plece perlpherles for crztical cuttlng segments can, there
fore, be llmlted to data polnts falllng thhin the overlap area.
It wxll be understood that the w1ndow comparator 58
ellmznates the need for determlnxng the separatlon between the.frr

perlpherles of pattern pxeces whlch do not 11e closer to one

In a marker w1th flfty

| or more pattern pleces, there are generally not more than four or

flve ‘pattern pleces in close proxlmlty to any gzven pxece. there-
fore the window comparator elzm;nates a substantlal number of
pattern pleces from the potentlally crltlcal category requlrlng
further analysls. Addltzonally, however, 1f there is an overlap
of w1ndows, the comparator 58 also enables further analysls of

pattern plece perlpheries to be restrxcted to the area of the .

Accordlngly, a substantlal portzon cf the calculatlng ar
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fls less than a given-val Ue set by the operator through™the separ

' that segment of the cuttlng path along the perlphery of pattern

|n within the overlap area is deternmned mathemati
zgu%g %kéghé}qn 'ned in the buffer menory 56. |f the.calculatqg
nes that A SIRRA ahi Pghel yorie tiiEcadhacon! idaltiTyahgakte 15
d0erlapnatde cihdghe wihdowsitis Sansrd g tedt S0 rivoids tlhleepeth r y and

bet ween the two paths at each end of .t he
separatlon calculator 60 and the angle calculator 62.

In the

separatlon calculator 60 the separatzon between adjacent cuttlng
paths w1th1n the overlap area is determined mathematlcally from ]
llthe poxnt data deflned in the buffer memory 'S6.
determ;nes that the separatlon between the adjacent paths at any
point is less than a given value set. by the operator through the

separatzon preset 90, then the angle calculator 62 also determ;nes

value. The separatlon preset value 1s preferably the same value

as the proxlmxty preset T, but can be dlfferent.- If elther ‘the .
.entry or exit angle is less than a speczfled maxlmum set by the

machlne operator through the angle preset 92, for example .30°,

piece B is deszgnated a crztlcal segment.
- Thus critlcal segments or cuttxng paths are those f
segments of a pattern plece perzphery which . lie closer to an .

adjacent prev;ous cutting path than a-predetermined dlmenszon;:

If. the calculator

the entry and exzt angles between the two paths at each end of the |

segment that is closer tc a prevzous cut than the separatlon preset'
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segnent t hat |s clfoser to a prev’l ous cut than the separat\ron preset val ue.

The separati.on prset value is preferably the s%me val ue 20 . as ‘
proximty preset but can be different. 1f &% her the entry or eX| - )
angle is less th a spemfled maxi.mum set” by the nmachi ne oper at or th
t he angl e preset 2, for exanple [err], ther that segnent of the cutting™
path al'ong the p |phery of . pattern pi ece B is designated a critical

seghﬁﬁt 25 ~ . Thus critical segnents or cutting paths are ;
t hose segments of anpawhech @l%‘cé‘tqmr Bphengum ctelatdopsbiprtq @hmpaeymput
previous cutting fpath than a predeterm neg nsion, " . -and which also . .
have an angular r»P&FFoﬁgﬁ?pﬁtQquﬁ§e§P BEOLRAHR: | ess than a pr edet er mi ned -
angle. In order tjp nore cle i erst t fe0 :
the calculators 6 and 62, t Aeorfl(#%% rg%sﬁg? %fe@qyc%agkggﬁd)ﬁ% p%tgﬁguﬂtlons -
pattern pieces A @férBotﬂeEI@ thd RallBAlytSdi60/ Nid 626 ERE Pordfiohk0s£Sthe
approach 50, are rgproduced at enlarged scale in Fig. 18. In Fig. 18 the - ..
over|appifig porti nmtmbepmwm pRstepatpieepifecad R dndFiy. § dnotke b;iqnity
dotted line |abeljgd AB. i's assuned in the follow nggexa

that pattern pieclh 9K ke %‘P‘i‘%d&f- Eé@ﬁeéﬁtaﬁ?ﬁi“’t% at BRP NEERRIIYE téﬂn%ltaﬁ'ged

t he periphery of n; pi g | s provided-to indicate this condition.
Further-. nore, it %éggésﬁl?mdqeh&t ‘the cutting blade traverses pattern.piece

B.in the clockwi s directiongseighatst Bke bvéiaLaiiping ortion of AR’ PkdbYsSor
poi nt - 50 in the direction indicated by the arrow 96.-nitially, the path
separation cal cuI fipattarn pieyem &t and B:is shown by a dotted line labeled AB. It

W/

_lO . d is assumed in the following_example that:pattern'piece A'has
alreadv been cut and the hatching associated'with.the periphery 1o}
pattern piece A is provided to indicate this condition; Further-
‘more, it is assumed that the cutting bl ade traverses pattern
_piece B in the clockwise direction ‘SO that the blade would

._15 L_ p : approach the point 50 in the direction indicated by the arrow 96.;
- . Initially, the path separation calculator and comparato:
60 scans the data pOints defining the periphery of pattern piece
B and locates those data pOints that fall within the boundaries
of the overlap area AB. Once the pertinent data points are

_ ”5“5 | 20 | ' located, the calculator-60 then calculates the separation between
o the pieces A and B within the overlap area and compares ‘the cal- |
J{culated separations with the separation preset value, for example
. That portion of the cutting path Within-the overlap which is
_ N closer to pattern piece A than the preset T is identified as a '
25 potentially critical path segment and is illustrated in Fig. 18 :

| as the segment ab. The separation distance T at the ends of the

critical cutting path is also indicated.’
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he end points a and b have been identifi.ed, ﬁe angl e ‘cal cul at ¢

J B at the éntry point a with the adjacent path . at the °
. 1ForArakednin Hie, samsnépghipn pafqaatn thascehs datgi 48| ar |
tlﬁztggtg Qé% order.-n]nes t he angular reIatlonshlp bet
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' . After the end pOlntS a ‘and b have been identified, the

angle calculator and comparator 62 determines the angular relation4

ship of ‘the. cutting path on pattern piece B at the entry pOint a
with the adgacent path at the corresponding point m on the .

periphery of pattern piece A.. Similarly, the calculator 62 deter- '

mines the angular relationship Between ‘the cutting path on pattern
piece B at pOint b With the’ corresponding pOint n on pattern piece
A. If either of the angular relationships is less than the angle
established by preset 92, then - the segment ab ‘of the cutting path
on pattern piece B is designated a critical cutting segment or a
critical cutting path. | o - | B
- As indicated above, significant difficulties occur when
two paths pass in close proximity to one another and in the same
general direction, that is Wlth small angular relationships.' Thus‘
the calculators 60 and 62 examine the significant parameters as—'
sociated with difficult ‘cuts and locate the end pOints a,b with

preciSion.
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piece B at poi nt{| b with: the col/respondl ng p0| nt n.on pattern piece A

ei t her of the angul ar rel ationships is |ess than the angle establish
preset’ 92, ~t.hen ff he segnent ab. of the cutti ng«—r)ath on pattern .piec
desi gnat ed a criffical cutting segnent or a 20 critical cuttin _
As- i ndi cat ed ‘apolye, significant difficulties occur when two paths pass.in

cl ose proximity fo one another and in the sane general direction, that is
wi't# smal | angul fr rel ationships. Thus the cal culators 60 and.62 exam ne

the significant fparameters as- 25 . - sociated with difficult cuts and =
| ocate the end pfpints a, b wBebawsecifsithe. clos@eprarimidy phethe c@@-%ﬁ’é%ﬁ???ng

of the critical futting path ab to pattern:piece the tin
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commands ar e devgl to,ass the u t keghDdss D dial
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sl owdown gener at

“path nodifier 106 éé@&fd&vhéeddéveiéﬁedia:‘oaaaseeesm slfadeFithrodght cthisodegion.
renedi al conmands. for critical cuttlng pat'hs. -

d

one or a plurali
|- Kaéﬁawdbwﬁngemxf 00 ,0weyewngerexakar Ag2di 2 fseake ésnerat“

Reduci ngst he fee
associated.with Bl osely adjacent. 10 cuts and the slo ener at :
100 serves t hat H ubes |amd a pathheodHBaRn o6t 258 Pﬁ%"’c%ddiﬂr gg%m@%‘% ﬁ(ﬁlﬁggc’r of.
Fig. 4, slowdown ener tor 100.receives. jnf Siadan L
poi-nts a,b and i G &0 RrEdpeR PR 2% & %%g?%{.?%&a regucgés?gced ratdg for_ |
conmand for -t ra”i'é}i%%élh%u‘élﬂiﬁé ngatiigde ﬁhﬁ&ﬂn&%&rfdddC&htéUis kné means for -

at a sl ower speeH a resune Speed comvand for, point -b. ‘'The - - |
L/ S ‘overcoming, cutt:.ng difficulties associated thh closely ad)acent |

A
B : lOle' - 'cuts, and the slowdown generator 100 serves that function. ln
| the embodiment of the data processor shown 'in Fig. 4, slowdown
generator 100 receives information defining ‘the data points a,b'
and introduces into the data for p01nt aa reduced feed rate
command for translating the. cutting blade along the critical cut
15-f ) tat a slower speed, and a resume speed command for poxnt b. . The '
| - _poxnt data w1th the slowdcwn and resume commands are then stored
.w1th the other po;nt data- in the buffer memcry 101 1n Fig. 4.
| | Fig._S illustrates a typical command sxgnal profile.
‘K;/ - - produced by the generator 100. The maximum feed rate FM es-

| 20 :'._ tablished by the program data input to the controller 12 is re-
; duced proportionally at the point a to a slower rate FsS and main-;
tained at that level: until the cutting blade reaches poznt b. |
the feed rate 15 increased proportionally to the programmed
maximum rate FM as the cutting blade leaves the critical cutting _
25. area.. _ ' . _ ' . - '
| In a similar‘fashion“the yaw.generator 102 introduces:a.
yaw command ‘for rotating or orienting the cutting blade slightly

“out of a posztion tangent to the cutting path and toward the side

|
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A an I cal cuttrng pat bntr es into.the
) géterd storage 1hetRe epwt feA GRotyt 101 baf fa sﬁgmanyaioéoiazwaw si

CUttIn

f a and a yaw washout signal at point b. An exenplary yaw signal
baedi a iydu grasboutThégsayrat podavtelses from.a zero val ue at poi nf
| ect ed’ maxi num YM whi ch is nmintained_until the cutting blade

10 ﬁ&oﬁﬁﬁmﬁléFYéYaWWﬁhﬂPa@hésstbhﬁftqﬁ$Qﬁaéﬁeﬂl%ut5' Ehey
AR OSBRSS PR el Ul gt

|gnnen ron1pattern
ke yw%iehems Sha Ot A eld enlemden@a&&&enn;h bQuaa reaches
poznt b after whlch the szgnal is washed out.~ As a result, the
cuttzng blade upon reachlng poznt a of the cutting path LS rotated
slightly out of allgnment w1th the path and away from pattern -
piece A and mazntalns that oxzentatlon as the blade passes through

p01nt 50 unt11 po;nt b is reached. Thereafter, the blade returns

from the controller 12. -

In a preferred form of the 1nvent10n, the slowdown

51nce both slowdown and yaw signals work in combxnatlon to move
_the cuttlng blade past the crltlcal cutt;ng reglon thhout any
signxfxcant loss in cutting accuracy that would otherwxse ac-
-company ‘the close approach of adjacent cuttlng paths.

' . The stroke generator 104 is 1ncluded to prOV1de remedlal
command 51gnals where the stroke control for the cuttzng machine
Ls to be overrldden; It Ls assumed that the cuttzng machlne in-

cludes a stroke control that causes the reciprocatlon rate of

_the cuttlng blade to change generally in proportlon to the feed

to the orzentatlon establlshed by the conventlonal command s1gnals

generator 100 and the yaw generator 102 are operated sxmultaneouslyu

. point 3 ta with the SHowdown and resumne connands are then stored mnth tthe

" other int data in the buffer memory 101 in Fig. 4.. Fig. 5 |IIustrate< a
t-ypi caljj co “‘Efn5|gnal profile produged by the generator 100.  The maxi) mum
feed rgfe a)&ﬂ 20 tabli shed by the programidata input to the-{

.- controlll er s re- ‘duced ‘proportionally at the point a to a slower rate

"~ FS and i.n- . tained at that level until the cutting bl ade reaches poi ntt b,
the fdpd rate -is ‘increased proportionally to.the programed maxinu ~
rate FN| ag tfie suttiny patadeppesises fdom thiet adghcant ipatge2h piece A.ared. .
a simljpr fashion t'he yaw generator 102 introduces a. yaM/connand for
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poi nt 50 until* poifint b is reacﬁéd - Thereafter, the bl ade™F feturns 15

to the-orlenfatiQH establ i shed by the conventlon command signal s from the
controller 12. - Qin a preferred.formof -the |nVE%t|on t he sl owdown -ﬁ
generator 100 andijt he yaw generator- 102 are aoperated S|nultaneousl sin

bot h sl owdown and yam15|gnals wor k i'n conbination to nove 20 t.he
cutti.ng- bl ade past| the critical cutting region without any S|gn|f|cant | 0ss

in ewtting accuradly that woul d otherw se ac-. conpany the close approach of .
adj acent cutting ai-hte Jth echet bmh&egertmﬁzordﬁﬂcﬁtlcm&uidxgdcbﬂdptﬁﬂsjehowever’
renmedi al command’ nal s where the stroke control for the cutting nachine' . -
25 - -is to be vbtrWQRkh@ depdirablestaimerense the straking RﬁtﬁlshQWenthe_ -

cludes.a stroke cqntrol that causes_.the re rocation rate of the., cuttin
e o shange clneFSpasfiBhal 8383 | I deiachsSf Gendratd wRsd s it achidn por

Under difficult cHtil %th&h%i NENEY Yechhl ﬁ@yai% deglike 'Ehé Q:uttmg blade
i ncrease the strolling Tate above the proportlong speed I n. or

generate sore sli{i pg mﬂmmeeutem hsituaitionsl - T@ls&xbkehgemﬁ:sm there-
assists the. cuttijng bl ade 5 . _indifficult cutting situations. . The
stroke generator . Oﬂoxmad@s ﬁ@rekmymmsngocbhm@ﬁ dathestrred idathe -

stored in the buf nennr 101. _ The path nodi-fier 106 is a nore conplex
conponent than th ﬁéﬁ@Fﬁtﬁ? remedi al: commmand. S|gnals for the.
cutting 10 'chlne blis n. i

pat h whi ¢ch' ni ni ni #és: the di st urang f%dcj’étg' Z?ao%%eir]\?\‘nﬁasz% ggué é;o\’JpthQt than

difficulties al on tﬁ'@ ctibelr! Q%Sﬁtom dEitrﬁmedial command signals for the cutt:.ng
K/

. i 10 machzne. The modifier 106 estab;ishes an offset-cuttzng.path
| which minihizes the distorbing_forces thatfotherwise_caﬁse cut~
_ tingidifficulties alohg-the critical cutting path. o | _.
" B ' Ina preferred emhodlment the’ path modxfxer 106 is a
-portzon of the processor 15 that operates 1n response to a soft-
lSl;- | ware program outllned by the flow dlagram illustrated in Flg. 20.
‘ 1 The modzfzer 106 may be engaged for operatlon at the option of tm
machzne operator ezther zndependently or in conjunctlon w1th the
other generators 100. 102 and 104. The basic functlon of the
modifier is to develop an offset cutting path that parallels the
crztxcal cutt;ng path. Programs whxch calculate offsets are old
, h 1n the art and have been. used, for example, routlnely to calculat:
_the_radlallx offset_path of_a cttting toollproduczng,afdeszredt
fJiprofile, sech asptheioffset:path followed_by thentool~axis in
numerically controlled milling machines or the like. While'the-

25 - |lactual calculations of an offset path are old, the application
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& ow diagramillustreded in Pig. 20.- The nodifier .10
gperation at the option of the machine operator either
- i n conj unction with the other generators 100,,102 and
¢ function of the. modi firer is to develop an of fset cuttlng pat
aIIeIs the 20 . . critical- cuttlng pat h: . Prograns whjch

QsanQ@S'f.;f&ﬂ fairh§ lﬁusasaéim%notn&%ﬁt tRét fededldeavrdopy t he-.

in nunerically controlled miling machines or the-like. Wi
remediartcﬁmmanascuhadtﬁﬂScuﬁtenutm&hgesipnaticnsa old; the

new, par tAS:l}It@r-\-IGytP-ﬁ a%s'i')?ﬁﬂataoonwhﬁphthﬁe?%hépéﬂ-ﬁbﬁr 01‘-5 rerred
di ff t t t uat t ed

ApRLFated 3o ‘prodiucn Brdtet Fudinia, pachior Fi Sosbarhoopdting ¢

387 298N 210" 8dadknd 16y ARd stt'ags gm&nﬁé@w%@am afy ot he

IS o examne the distortton t value K as established b

gkeed Gixaniihd thel disdoriien qmas@tt waluyak Ues lestablished rByTum
spaci ng or separation between adjacent pattern 10 - pi ece

cuttin at h. and an adgj.acent after th

|Rtibpin s ine aPe L0 lof ApretabR B hrban adjicRnE adle

pieces at their.closest points, and additionally establishes the '
resulting separation between a critical cutting path and an

adjacent pattern piece after the path modifier has calculated a

' new offset path._,

The analysis performed at block 112 in the program

determines if the preset has been set to some value greater than L

zero, which neans- at least some offset of the cntting paths from"

a- tangent condition is: desired.. If_the preset 114 has been set |-

to zero, then no offset is necessary and the program is exited

'_at 116.

Assuming that the distortion preset value is greater

than zero, the path modifier 106 proceeds to the next step of the"'

program indicated at block 122, and scans the critical cutting

'path ab for pattern piece B to find the portion of the path

which lies closer to the ad]acent pattern piece A than the dis- '

.tortion preset value.x. That portion of the cutting path 15

operates in response to a soft- 15 war e’ pr ogr a
6 .
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- The analysis pe
the preset has be
| east some Of f set
desired.. If the

necessary and the
that the distorti
106 pfoceeds to t
scans the'critica
of the path which
dis- 25 ~tor
desi gnated t he pa
points.c,d The s
t he cal cul ation f
conmponents as the
t he prOX|§1ty t ol
and thus the poin
before and after

10 . - . proxim
sane ‘val ue in-whi
by the change in

coincide with the
106 off- =
o 10
15 '"
N 20 L
25

he points ¢,

) \_\ oz . . s )
formed at block 112 in the program 15 . determnes if
n set to sonme value greater than zero, which neans at .
of the cutting paths froma tangent condition is
reset 114  has been set 'to zerdy then' no. offset IS
programis: exited at 116. 20 =~ =~ - . ~As su

n preset value is greater than zero, the- path nodi f &

e next st of the gra i I 24

FARDeeE AR AR 1Y AL e de7 1000 0en
hinS o0 agh@C88baPAlidl CalBheseidh il &hs a
|€§% Sgéséﬁi%éﬁ)élgi %ﬁgtgg%?tloﬁﬁgfathe cuttlnb %gth f??-.ln
fﬂh%ndaménﬁhnﬁer|ASJ&heataﬂcuIatiqn fo8 betakiny tthe emiitical path
paration'calculation js perforned in the sanme manner as

1anﬂopaefﬁgsh¥mehﬂwﬁhﬁc&Pmsaf¢ﬂEﬁﬂfﬁﬁseFérSﬁﬁys%BPQ?ﬁé°§aﬁ%}°ﬁlat°

sgparation calculator.5 ~ 60. It will be observed that
nce T i s sgnewhat Iarger'than the distortion di.stance K :
s a and b g Jmlcttestaseg YEa V] ehg BEORLACLAB1LRRALE D 15
spectlve t is permssible to set the

)sohebﬁéﬁnrﬁd'eﬁ%abh ehdi distdsrmxp déseande «Xjuald ttbushehe point
h.case-the portion of the critical cutting path . affected:
@edndabeatsihinh stioydoynt weuld dw@megeﬁ eA%f docatedypefore and

n In, th
g%%igatge poiﬁt§*J°%?LSQ£§3tEQ?Pd' _ t ist£§}$¥%sibq2dt£|§gt the
:proximity tolerance T and the distortion preset K equal to the

ﬂsame value in which case the portion of the critical cutting path

affected by ‘the change in feed rate established by the slowdown.
generator 100 will coincide With the passband. '

o n the preferred embodiment, the path modifier 106 of £~
sets all points within the passband cd by the same amount F so
that the minimum separation is egual to the preset distortion
distance K. Consequently, the next step performed by the path
modifier is a determination of the minimum spacing P as indicated
at block 124 and shown in Fig. 18. Finding the minimum spacing

is a relatively Simple process at this stage of the operation _

since the path modifier already has determined the spacing of the

cutting path from the adjacent pattern piece in the step indicate
at block 122._ By scanning the established distances of separatioJ
the minimum value is readily found.-_ |

In the next step indicated at block 126, the modifier

‘iios calculates the offset value F in accordance Wlth the Simple N



. offset{lval ue F in accordance w th the simple .. equation indicated in
.bl ock, |[dmndricdhashéndicakediat- bdockt 3B8 i Bherlaatingi we rdatigepednter

~1'n Fig}f "18, -an
dashed|| Inese pasbBahd NEs of 1 i@k elSbeEkesnT tiriked poliints CW ed daghkd 01irdd.

10

15

20

25

'calcUIHﬂﬂﬁjshg%géggﬁtggl qégﬁﬂgﬁggﬁggafgf%% Cak&?ﬁgtﬁ g%ﬁhéz ybghe

“poi-nt

Tho ot et BRLPIAS %@“%”El?ésu e, Sl BhoEE S8 Bheehgll 1

of fset 'patheformed at the data points belng moved, for example point 50.

‘sets all poi*nt's within.the passband cd~by the same amount .F so
' aration is equal ‘to the preset distortion distance K. ,
e next step perforned Ey the path nodifier is a
t.he n1n|nun1spaC|ngIP as indicated at block 124 and s
vndi ng the mnimumspacing 20 =~ - is a relatlvely sim
at thIS stage of the operation since the path nodifier already
ned the spacing of the cutting path fromthe adj acent pattern p
@&em ¢ahedagla P el %a.ockByaﬁéth‘eh eaféé gt ipslagd dista
ion the m.ni mumval ue. i s readily:found..
ttslﬂﬁpheadl €hé eflodi £id0 ahetaa fréhesiils ioar réﬂﬁctﬁés tthat QSsshe

shiffs

of f set po:.m‘i §@dt§e shifted %3.'5%5;1 foi N aJ 'shdwRass PR qg,, d rfy

a .new -passt 'S 1 IUs?Tate between those p0|nts

t he coffrse of cal cul ating the offset ‘at block:126,. the path nodifier-
| ocat eff-t he bi secThe. bine of aﬁgsetunst¢sssxmmne@gagozndzcatedpaphFi@¢ned

t he. da oi nt s bei.nc aned oi.nf_ 50."':The i_ti.zed dat a
39|gr eE’@dF}l\ﬁ ¢ céchﬁ {g ' ﬁ;f&Ptb?Eo*él‘l +éPrethpl i s

The dlgitized data point 49 preoedxng the po;nt 50 in the course

of blade travel establxshes one szde of the angle and the sub-
sequent digitzzed p01nt Sl establishes the other side of the -
angle. The resultlng bisector 48 is the llne of offset.- The :
dlrectzon of offset is always away from the adjacent pattern '
pieces. | |
b .
: programmed cuttlng path, the path mod;fzer as indioated at block '
130 also 1ncludes a step for smoothly blendlng the new- passband
into the origlnal cutting path. In one embodzment of the znven—
! tion, the blendlng operation is performed by the. equatlon 1nd1-

| cated in block 130, whzch effectlvely washes out the offset in '
an exponentlal fashlon. In the equatlon, f is the offset at any
given point withxn the blendzng band, F is the offset calculated

at block 126, g is a constant pétferably equal to 30F, and-L is a_

Since the new passband g d s offset from the original - |

t hat
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o '. - o ) . . .-..» .
15 - . directipn of offset is always away fromthe adjacent pattern

pieces. ., - ‘-Si.nc t'he new passband-c'd' is offset fremthe original _—
programed cutting path, the path nmodifier as indicated at bl ock" 130@ L
includes a step fipr, snoot hl'y bl endi ng t he new pa’&?band 20- - int -

original. cutting path. In one enbodiment of the inven- tion, the bl ending
operation is perfprmed by the equation indi- cated in block 130, which
ef f B€tivel y washep out the offset in an exponential fashion:. .In.the

equation, f is thf offset . a ol geve]! RPTPIES CRRELRY aRd £xbmi ¢
t he offset cal cul.t‘gcfri}%ae .qugya%.\lﬁo%cggf%?% ?jé aé rc%‘r?g%gggi%%rfer a§f§"§ Ehe_
equal "to 30F, and|llerd oF theVpassBird cauale ie ébehsk Hoimtecal NG ld@pending upon
~cutting path from|the end of the passband, that is either point ¢ or d .
“dependi ng upon thg tedenfl bhcthagsEsabandhivbichsipdieipabdendedinte the original
‘original cutting fpath. It will be naoted. by selecting the.value of s as_ 5 o
“a function of thell F¥dnarpathe & &idd RF; Bﬁt?ﬁeblh , lﬁ§§_§ﬂgné‘$ Falugngiqs as

into the pld-cuttfing path.is the.sanefor eac ] Lhwadii i ea .
regar dl'esg_ of thella tfglgf#\jigﬁuégoﬁﬁ %f’{)s%%sef. %g%ﬁ%%tﬁs%ngtle%{%_ﬁg\xnplaﬁs_bénd -
bl ock 130 i ndi cat fsid BAbnBbNHhEY taved R1dS cAktiRG Pt iF Thansfme o ehBhacutting
corner in the. 10 . profile-'of-pattern piece B, whichever is closest. -
The bl endi ng: bandll disvaltioa} r s¢gescdlessboénthagadiuwal tvaduet ef rthmtafifsgbe to -

t he existance of @-corner in_the original cutting path, whereas, the ‘ '

bl endi ng band confiect ed wi t hTR®ikkendiings skeP 8RovR iR Riosk éﬁ%l indicakgasthat
unti’l -a substanti { nerger. of Alf Qr., i'Q',a!t agd 9{ el s ' -
oc@js._l_lﬁt will eblﬁgfigﬂgl ﬁxf%e o aetit &P cage t?‘la_% %feteehé'sﬁﬁ to a . in the ...
' _ TLO o profile“of¥pattern piece B, whichever is-closgst._ The blending

' band ¢'e illustrates the blehdiné band th;t términatés due to £h§
ﬁ existance of-a-cérner.in'the Q:iginal=¢uttin§ patﬁ,-whérgas the--
blending band coﬁnected éith’point gf is-not“ép tefmihaied.and-

_ continﬁeé until a substanﬁial‘merégr’of'the.original and offset
15 k paths occurs. It will bé noted in the latter case that blending
méy.extehd well beyond the limits of thé'Cutting péth’l?ingf
withiﬁ the overlap area'AB'evén.éhough the path'mbdifief examines
J*@nlyvtha; port;on.of_thé o#iéina1~cuttipg path_Iyiﬁ§ wiﬁhin the
overlap. ﬁheﬁ'the new-ﬁassband and_adjoining;blehaing b;nds-

20 . |l have been calpulated;ithe prdg?ém.fof-the_path modifier is-'
-Zﬂ|exit§d.as indicated'at;132;' T _— _..' o
N o 'Agcérdiﬁgly,'ﬁhé”ﬁrocéssbr'15;ai—the—§§éeea¢—§auent§9n
identifies points of high cutting difficultynin a marker and
introduces @ﬁﬁd-the dataireme&iai command signals ﬁhaﬁ cpange

- 25 . |l the feed rate or stroking rate of the cdtting.blade, intréduce-_'




.:may * ext e
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- program
t he pr.oc
and intr
the feeg
-~ conpensdt
r-emedi al
. anot her

d wel |- beyonh the limts of the cuttlng path Iy|ng within the

s en though the pat-h nDdlfler exantnes only 't hat portion. of -
When t he neM/passband
drng-bands 20 'hﬁve been- calculated the .
is exited as indicated at 132’ Accordlngly,_
bssor 15-i-dentifies points of high cutting difficulty.in a markgr. —~
hduces: i nto. the data remedi al conmand: si.gnal s that change -25
fat cipenishhbRUs gL Plod bEsHE! LY dledieg bR tﬁoﬁ‘r'cd:'rlta.c)ﬂ“’v
I on si.gnal's or offset the cutting path in Critical-areas. The}
arsamndTheapeited isk commindsdcahl ye otséd imdikidaaiDp oy R one.
t o .produce an inproved cutting operation. 5 nodifications a
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-relatively mlnor, and the window comparator takes on less slgnif-'

iremedlal or compensatlng command signals for guldzng the cuttlng i

'lnventlon.

mlﬂacstaendﬁbahwm FRHREITHe RFedNse Gshpiapaoved igutting | nat
roces 15; however, with high speed data pro- cessors and hig
C ﬁennries such concerns mey be relatively mnor, ‘and t.
onpar. at or § Q0 aSiall3 an SelehehaRas, Of oSt gna
rs than tHe generators . - 100-104-and the. pat pAdLier 106 - may
freferedacemBodiment, iteEhdudd Dé CHDAS §a € OidRdusi gnal. s
the cutting bl ade through d €T cutting: condltlons For
mmaﬁscntyom and dukeditutiohancimde haddwisbonbdagarting afxom

at h | |c I ar ea so that the cutt| bl ade "al ways
3L “""' o~ 4Ege ‘window comgarator

” ]

greatly reduces the' amount of data that requires detalled exam- -
znatzon in the processor 15. however, with high speed data pro-. 5'='r

cessors and hlgh stcrage capacity memoraes, such concerns may be

Other types of. signal generators than the generators
100-104 - and the'path mod;fler 106 may be employed to. produce
blade thrcugh dszlcult cuttrng condit;ons._ For example, ‘means
may be prov1ded for changlng the. dlrectlon of cut along the _
cuttrng path in-a critlcal-area SO thatithe cutting blade alﬁays-
approaches the-point of=tangencfdor close-approach from opposite _
sidese'-Other.remedial_cOmmands might-include signals.which'change
the gain of a lateral load sensor - attached to the blade as deflned
in U. S. Patent 4 133 235 havzng the same asslgnee as the present -
The.data.processlng_zs handled by.means-of a softe
Vare-progran.in a'microprocessor in a preferred-form of'the in-
vention:-however, other hard w1red or specxal purpose processors
may also be employed.g Accordlngly, the. present 1nventlon has

been descrlbed in a preferred embodlment by way of lllustratlon

rather than llmltation.

sJ“



appt oaches the point of tangency or close approach from opposite 20
sides. . O her renedial conmands mi-ght include signals which changg
of a.lateral |oad sensor attached to the blade as defined in US
4,133, 235 having the sane -assignee as the present-invention. The
processing i's handl ed by neans' of a soft- ware programin a :
mcroprocessor.in a preferred form of -t he%%h-. 25 .. vention; however,
otRgr hard wired or speci‘al purpose processors may al so be enpl oyed. .
“Accordingly, the present invention has been described in a preferred

enbodi ment by ‘way of hé | aspamituen dischesethhareini iaitdlne dischesedpiar atus -

di scl osed herein is also disclosed in our divisional_application No.- 83
1 25473. ° - 30 -oGrAAMBisidnal mpriigardonoNocuBsi AgdPpAttern pieces from -
sheet materi-al in accordance with preprocessed marker. data conprisihg: an
~autonatically controlled .cutting nachine including. .5 a table that '
supports' sheet material to be cut, a cutter including. a cutting tool; -
control l.ed notor means connected with the table and cutter capabl e of
moving the cutting tool and sheet naterial on the table relative to one
anot her in cutting engagenent and -control means connected with the



10 notor neans for producing notor command signals to guide the cutting

B - tool along lines of cut in accordance with program data defined by the.

pattern pis® inthe. mar ker; ‘and. preproce53|ng—neaﬂ5~cnnn§gL§gﬁmﬁth the: » .
control - of - t he autonatlcally controlled cutti ng nmachi ne or recei'ving ..
15 and 2ssing data definitng the pattern z ﬂlmmm"” prior to.
use in the-=ebdntrol means of the sgutting machin ﬂ the mar kep— -

data troubl e points of high cutting difficulty for exhnﬂﬂeSpOh ts of closef
approach or tangencies and to generate renedial notor.command signal s, the-

20 preprocessi ng means i ncluding wi ndow conparator ‘nmeans for detecting
. pot enCLALMBroubl € points of high cutting difficulty at points of. ¢close - =
" -approach or tangenci es- froma conparison’ -of rectangular wi ndows about two -

d h def d.b d 7
S ?%t%tre?‘y‘“rﬁé‘gpaatg A PEEEEsarEi et secting co-
or i MR S2AES . 1 ANEeBbrdRRo P U REES BN GaEkL, SiOpOUEN - 3T - to.

the o I'n a predeterm ne stablls y the program data, and for .
-furth@bmbgggghgylng critical line segnents, of the adjacent-pattern pieces
i n:overlapping areas of the rectangular w ndows. 5 2 Appar at us' for

cutting pahtaunomaetealiyomomﬂmnmleﬁammmwahgamadhineeﬂhcIudingln 1 wherein:
the control neans in-the automatically controlled cutting machine |ncludes
; néansafGﬁbést&bﬂtsﬁﬁngoth% shgg; material to be cut, a cutter.
:including a cutting tool controlled motor means connected o N
f.iw1th the table and cutter capable of moving the cutting. t'-__ &fJ“J
gtool-and sheet material'on the table relatiﬁe-to-one{another .
in cutting engagement and control means connected with the '

10-j motor means for producing motor command Signais to. guide the

.'cutting tool along lines of cut in accordance with program
. data defined by the. pattern pieces in the marker; and

| preprocesszng means connected with the control means of
" the automatically controlled cutting machine for receiv1ng

15;- and process1ng data defining the pattern piece in . the- marker

-prior to use in the control means of the cutting machine
'. to identify in the marker data trouble points of high cutting
'f_difficulty for example points of close approach or tangenc1es_-
?and to generate remedial ‘motor command 51gnals, the -

20 - jpreprocessing'means including window’ comparator means for_
dete_cting potential erouble points‘of high cutting difficulty
atipointslof.close approach or-tangencies from'a comparison

- of rectangular windows about two adjacent pattern pieces,
the windows being defined by the maximum and minimum co-
25 -.ordinates of the pattern pieces along" intersecting.co-

- ordinate axes, one of.the pattern pieces being cut subsequent’



—r——

rate of the cutting tool and the sheet material relative to-10 one
anot her ;- and -t he preprocessi ng neans inclﬂﬂmﬂ” eratingjp '
processed data reduced feed rate signals mﬂmﬂ ﬂ&g;@iool and. .
at the trouble points...3 . - Apparatus for Cutfing pe pi eces f
15 material .as defined in claim1 or claim-2 wherein: the cutting
t he- cutting machi ne conprises a knife bl adgrhaving a sharp | eadi ng- edge :
mhl&ﬁ'ls advanced along a line-of cut;-the controlled notor-neans includes :
a notor neans for- 20 orienting the: knlfe bl ade rel ative to the line of

cut at each poi ntoatbagotiher cin ta (FF ed@tiermdngddt beder eps ridsisiheg byakbe

i'ncl udes means for generating yaw signals for. orienting the knife_bl ade at
an angle to the PFRAET¥M @2 ardnh&ar 5&5Itéeﬁoilﬁ?§t1f¥i% critical line
‘Apparatus for cuttin att es from heet terial -gs_defined
e ooy PRoPHRLE! of  Thel et e R HREh kel 1 AR Ra s e
for offsetting t n of the trouble points. 5
Appar atus for cu??ﬁ%é §5t %éﬁgﬁﬁéﬁéiyiig g&?Phﬁ ‘inb claim4 wherein the:
path modi-fi cation- means includes nmeans for snoothly bl ending the of fset
portion of the cutting path in the vicinity of a trouble point wth

adj acent por i ons. - o theApparatus[ﬂﬁr1cutt1ng pattexrn pieces from sheet'

materlal as defined’ in claim 1 wherein:
o the control means in the automatically controlled
' Kzf 'l”fi - cuttlng.machlne_lncludes means for establlshlng the feed
- rate of the cﬁtting tool-and_the sheet_material relatite to
10 - one another;'and' ' R o
the preprocess1ng means includes means for generating

in the processed data reduced feed rate 51gnals for the cuttlng

tool and material at the trouble points. .

3 _Apparatus for cutting @attern'pieces from sheet
"15 material as_defined~in claim 1 or claim 2 wherein: : N
the'cutting'tool in tne cntting machine comprises a
"knife blade having a sharp 1eading edge Wthh is advanced
along a line of cut; |
. the_controlled motor-means_includes a motor_means for
20 - torienting the'knife_bladejrelative to ‘the line of cut at.each'.
| polnt along tne cutting-path; and | |
| the preprocessing means lncludes means for. generatlng
'yaw SLgnals for orientlng the knlfe blade at an angle to

the line of cut_at the trouble_polnts.~

25 4 'Apparatuslfor.cutting pattern pieces from sheet



6 Apparatus for cuttlng pattern pieces frontsheet 10 material as
~defined in claiml wherein the preprocessing neans_tne+udes‘ﬁ§aﬁ§_tor

cal cul af ',sthe_separatlon of two adjacent lines of cut. ratus fer
cutting vparern pi eces. fromsheet material .as defy ‘m\m\a erein
“"the pr Rpr o€essi ng 15  neans furt.her i ncl udes nean | Rg the

angul ar relatlonshlps of two gugélng pat hs separ at &d fess than a preset .

'._anbunt and neans for .generating renedial notor command si‘gnals when the*f_ .

angul ar rel ationships are | ess than a present “angle. 20 ~ 8 A nethod

of cuhdterigiatdsedefiinedednl coatnheevhemdor ithe \pxtepraceststinggmbiﬂde and -

- preprocessed nmarker data défini ng the pattern pieces in -a closely packed.

- oary ayinccltm-’tﬁs gaty moddficagionemeans cfor Pifmesting wbendiver array to - -
- 33.- machi ne readabl e .data definin the shapes and positioning of the . -
~ patt 2h PHlecdy the VHEIRA LYy Of nthe  FEOURLe &‘F Rl ar - co- ordinat es; o

preprocessi ng the machine readable data by conparing 5 t he data of one.

pattern piece with another in a data pro- cessor to deternmine the . -

separalion belubahaldie BbeCEGLED s UL WLCRINERILhD (he data
~ processor criti Elsegnents OF n% ?%?ng pat foraa pattern ﬁ#ece mhlch

' S§0- clalmtvmearea.d %at od el asatﬂ@aaszadmﬁeﬂtm@ahuesnmehﬁse than ‘
"for smoothly blending the offset portion of the cutting path -

in the vicinity of a trouble point with adjacent portions

of the cutting path '_:-- -7 e T S o

6 ' Apparatus for cutting'pattern'pieces from:sheet
to material as defined in claim 1 wherein the preprocess1ng means
- includes means for calculating the separation of two

adjacent lines of cut.

'7__ Apparatus for.cutting pattern pieces.from sheet
-material as defined in claim 6- wherein the preproceSSing
15 means further includes means’ for calculating the angular
) relationships of two cutting paths separated less than a-

.preset_anouht; and'means'for.generating-remedial_motor'
'conmand-signalstwhen the angular relationships"are less

" than a present angle.

20 f:-:d'. - A method of. cutting pattern pieces from sheet
| -'_material With a cutting blade and preprocessed marker data
"-defining the pattern pieces in-a.closely packed array
'comprising' | | .

reducing the - pattern pieces in -the marker array to



10 a predeternined anount, the 'step of identifying including defiz
rectanqular wt ndows ar ound adjacent pattern pleces by neans of the -
and ®i*ni mum co-or di nat es .of the pieces . Jlly mj"m] di nat. '
and: exam ning the d| stance between the patt mam; hose segrrents
of- 15  the cuttlng ‘paths falling within any area 6f % rectrangul ar’ wi ndow
over | appi ng 'an adj acent:- w ndow; . generatlng basic command signals fromthe
machizhe readabl e data for guiding the cuttlng bl ade al ong cutting pat hs'
def.i nedby t he shapes and posi-tioning of the pattern 20 pieces in the .
array; generati ngaceimsli rdadsTemdtai geghiaiher tigsi shdied haac poklingohiage
past.the identified critical segments; and cutting the pattern pieces from
t he sheet materiaf thegpathemptpmsccstunnghblaneamjtnmpanns|qﬁgrpathsgdbarned
25 by the shapes and positioning of the pattern pieces with the basic and
remedi al connandcﬁrgﬁ%&%atestg A nethod of cutting pattern piéces from

heet t I th tt bl f d he step-

of “genorati ng basi ¢ CERMARERR A Ee Pl fth%eﬁa%%t#e B J0E <Gnpa=is ° °7

conpri ses ge@»erathggdﬁ’ﬁé'é‘f Clt%rn ?%QQ c?iﬂéx“‘ln fahtaaftgegrofat €
e along a cutt :

of the cutting b I ng pa of "generati
remedi al . CO”WHndcésQGﬁJéb(HHHHﬂminﬁgtﬂﬁngéphraﬂiéhgﬂétﬁeéﬂ“tﬂe padees EHe-

feed rate established by the basic comand signals along the identified
_crltlcal o the array, and identifying .in the data processor critical
) p segments of a-cutting path for:a_pattern piece-which seg-_v
¥~j ; ‘ments arenlocated closer to'an adjacent patternipiece than a
10.-la predetermined amount, the step of'identifying'including
"defining rectangular Windows around adjacent pattern pieces
by means of the maximum and minimum co—ordinates of the
' Q'pieces _ - along each-co-ordinate aXis, and examining the
'ﬂdistance between the pattern pieces along those segments of -
15 ';the cutting paths falling Within any area of a rectangular )
-Window overlapping an adjacent Window,

: generating hasic command Signals from the machine’:""'
readable'data'for guiding-the cutting'blade along cutting-
paths defined by the shapes and pOSitioning of the pattern_n

20 pieces in the array; ' I
generating remedial command Signals for guiding the -
cutting blade past the identified critical segments, and.
cutting the pattern pieces from the sheet material
.by guiding the cutting blade along cutting paths defined
- 25 -by the shapes and positioning of the pattern pieces with

'the baSic and remedial command Signals.



10 - s'egrrents of a cutting path. -10 A et hod of. cutti'ng pattern pieces
.fromsheet material with a cutting.hblade as defined in claim8 wherein: the

Step of generating basic command signals from the machi-re—readabte data- «
) corrprleneratl ng command signals 15 for -orienting the cutting bl ade

 tangent y of .a cutting- path at each point al "II mlﬂlmml “ﬂ the step
~of generatlng remedi al connanqmngnals com pr| si gnal s~
for rotating the cutting blade stightiy out .of tHe tangen position and o
away from-an. ‘adjacent pattern piece along the identified critical segments
of a cutbing pakdthdd of Aoy ied pafttettht pﬁrgcastfﬁm gheases f.rom sheet

- material as defined in-claim8 wherein the step of generating renedi al

comuatiesighavwith oapeitetng diads iasg daufgnaasmmlaen Guihdnegnthe cutti ng
- blade along a- cutt% %ﬁ ath of fset from - fhe adjacent pattern piece

by a-|inth@dSERBUR on tishdasisy ceP‘FlFPéaﬁl%%%nimtzt e A met hod of .
~cuttin pattern C fronts et _mat g 4atn111 wherein -
t he ?FgB -Bf Beadgﬁﬁ% ??uf?ﬁ%ﬁiﬁ%?‘ﬁg e§ apﬁg g c ?P%ﬂ set cutting. path
Ishcl gﬁgﬁaﬂsnssgtfamfn e ddd G %fogfxéetuttﬁﬁ% ?snbtéi@nt ified critical

-Segnent 1N an cutt ng pat y a fixed anount ah endlng t he -new-
'cutthugngaghchaggngtghgﬁ;i4n&t|ng path at ‘the opp05|te ends of the crltlca{:

segnent .
the step of generating remedial command signals compriSing
.,generating signals. which reduce the feed rate established’ by
. the. basic command signals along the identified critical - | N

10 segments of a cutting path.

'10f A'method of.cutting pattern pieces from.sheet':
material with a cutting blade as defined in claim 8 wherein-
the step of generating baSic command Signals from the

_,machine readable data comprises generating command Signals.l
-tS'. for orienting the cutting blade tangentially of a cutting
| path at each point along the path; and '
the step of generating remedial command Signals com-
_.;prises generating yaw signals for rotating the. cutting blade
islightly out of the tangent position and. away from. an-.
adjacent pattern piece along the identified critical segments_

'of a-cutting path.-

' lt - A method of cutting pattern pieces “from- sheet
_ material as defined in claim '8 wherein the step of generating
remedial command signals comprises generating signals for

25 guiding the cutting blade along a cutting path offset from



10 13 A met hod of cutting ' pattern pi eces erﬁT§ﬁ€€T’ﬁﬁfE—|al With
a cuttlng bl ade as defined in claim8 wherein t ng one .
pattetn piece with another in the dat.a processoﬂjﬂgi%ﬂl‘mmmh ide
critical .segnents of a cutting path conprises e ' g asn order i
which 15 the patt'ern piecés.in the marker are to be cut in the arrayy
conparing the data of one pattern piece onI% with the data of pattern

pi eeds to be cut ‘prior to said one pattern3pi®ce to identify criti.cal
segnents. 14. - A met hod of cuttlng pattern pi-eces fromsheet 20 - materj al

as ‘defined in cl red in o
pattern pieces- tgﬁ%pléiggﬁéﬂlb o an SR$8%ogga%}%%&%“%ggFgﬁﬁibgﬁpgg geégﬁfled

t wo WBX|nun1va|u§§19{cgim%égﬂéy¢,data in each co-ordinate for two.pattern
pi eces, and.conparing.the two m.ni num val ues of ‘the point data in each
co-ordinate for the same two pieces to establish the overlapping area of
the fectangular wi ndows. 15 Apparatus for cutting pattern pieces from-
sheet material in actdrdamoeethiad ofpcepténgspatitenn keieatst £16m sheet
substantial |y’ as described herein with reference to the acconpanying
drawi ngs. 16 A metebirbfag defifgdodnt eLALPI bEcsherain SHGeSteRt OF] al

subst anti al | as descrij ped. herei.,n th reference to the c ' '
dr awi ngs % generat£ng 'signals @Br gugdgng afpng an of?%et cut% ng path '

includes generating a’ new_cutting path offset'fron‘an
identified'critical'segment in'an.old_cutting path.by a
fixed amount and blending the new cutting path into the old

eutting pathnat.the opposite ends_of the-eritical_segment.

:10 i"- 13 A method of cutting pattern pieces from sheet
'"'material with a cutting blade as defined in claim 8 wherein

the_step of.cqmparing_one pattern_piece_with another in-the
data processor;to determine and identify eritical-segmentsi
.of a.éutting path—compriSes'establishing.an order in which_'

_15 -the-pattern pieces'in the markerjare to be eut in”the arrayp
and cemparing the data of one pattern.piecelonly with the
data of:patternhpiecespte be cut prior to said ene'pattern-

-plece to identify'critical segments.

'14. A method of cutting pattern pieces from sheet
- 20 material as defined in claim 8 wherein the step of examining
includes reduc1ng the pattern pieces to pornt data in an
,tx,-Y-co-ordinate system,-comparing the two maximum-values.
.of the point data in each co-ordinate for two ‘pattern pieces,

and comparing the two minimum values of the pOlnt data in
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each co-ordlnate for the same two pleces to. establish the"

overlapping area of the rectangular w1ndows.

15 - Apparatus for cutting pattern pieces frcm.sheet
: material-intacccrdance-with"preprccessed marker date-
substantially as described herein with reference to the

acccmpanyihg'&rewihgs;~

16 A method of cuttlng pattern pieces from sheet

material substantlally as described hereln w1th reference to

the accompanylng draw1ngs.




