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(54) Title: MOVING ENCLOSURES FOR LASER EQUIPMENT

(57) Abstract: Moving enclosures for laser equipment are provided. A machine tool installation is disclosed including (a) a laser
cutting head configured to be movable in three dimensions; (b)a workpiece support configured to support a workpiece in operative
@\ relationship with the laser cutting head (c) a skirt configured to surround the laser cutting head on three sides and intercept light that
= passes from the head and is reflected off of the workpiece or workpiece support; and (d) a protective cover positioned to intercept
light that is reflected off of the workpiece or workpiece support and is not intercepted by the skirt. The skirt and protective cover are

configured to move laterally with the laser cutting head.
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MOVING ENCLOSURES FOR LASER BEQUIPMENT

TECHNICAL FIELD
This fnvention welates to moving enclosires fur leser equipment, to profset

opefatars from uncontrolied bemm reflection Joring laser operation.

BACKGROUND

s oportent © ) pristect opersors W orking around laser equipment, 2.3,
squipment for laser cutiing ol wotkplecss, frornameantrolied bean reflection: during laser
operation, Hich reflection, which san oconr fot exaimple while ¢ part that Is being ot by
s aanris. ;ﬁg:pe:i condd njure the OPETSLOT, i contacts the operatot’s boddy, 1 s alé
irsporiant, however, that the operator bave essy aveesy to pacts of the eguipment ihat sieed
1o be changed or siintabited; for sxample the cuiting hiead, when the laser isnat
operating.

T some cases, for sxanple se Ssplosed i ULS: Pajent No, 8,987,241 the

eqpstpriiont tay be enclossd in-astationary cabin-Tike enclosure thatds sccessed fhrough

sk ﬁmv dogirs,

SUMMARY
The disclostre fihwes enclosurss for laser eqmpmem that are novableand that

aHow easy aécess Yo-a tutiing head of the Jaser equipient while: providing effective’
safety protection when the lasexis In opedation.

in one aspect, the present disclosure features a machine Yool nstallation
somprising: {2} a laser suiting head confignred to e movable fn. at least fwo mersions;
{b) & workgtece support eohfigured to support & workpiecs ivoperative relationsbip with
the laser cutting bead; (o} a skirt cobfigured 16 surrotingd the lasercutting Head on flitee
sides and. inferoept Hight that passes fro the head and is reflected off of the witlpiens O
workplees support; snd {d) 2 protective caver positionsd fo infercept Heht fhat Ix reflooted
off of the warkpivoger wcrk;éi&cfz-s‘a;p;po}:iz and 15 not intercepted by the skirt S skirt and
protestive cover being confizred to mbve laterally with the laser cutfing head.

Sorde ppleientations foay indlude obie or more'of the following features. The

skirtnway be configured ip roove vintically with the cotting Bead, or, altermatively, the
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skivt sy be vonfigived tothove vertically indepondently of the cnitiig head, Inthe
latter cane, the tugchine fol nstallation may Include a skivt drive motor and s cam
amangerment condigured to raise and Jower theskirt In response o haput fon the sk
drive wolor. The machine ool installation may also luclude » controlier configirst to
cétrel the vertizal height of fhe skitt, and o height regilation devise comprising & 500807
sondigared to dutect the venical position ofthe workpiece snd transmit & signal tothe
controdier;

The il may be configured to move hosizontally, in 2 second direcion
oithogorial 1o the latsra! movement; with the laser culting head. The skiet may he
sonfigured by ndvewithin the protectivi cover, whidh ik sbaie Hnplemesiatiphsis not
configared fr mdvensont 3 the second direstion.. The skivt may include an sirayof plos
mounted on & substentially Usshaped bracket, The pins may be-mxanged tn & labyingh,
with their long axes extending generally parallel to the direction of Hght emitted by the
eser cutiing hesd, :

The protective cover may Hclude s door, and may define open side and back
yegions. The machine tool instaliation reay also ehude s motion deviee confinred @0
move the pistective cover and laser cuiting head laterally, Insome cases, the maching
tool instaliation also tncludes 4 Supporestracture Trom which the preteotive gover and
faget otitting bodd gre cantilévored and Aldng which the protéeive cover and laser Sntting
heined move latorally, Altsrdatively, the tachine tool dnstallation may fnelnde a patr-of
opposed valls between which the motion device is mounted and along which the motios:
&evimz;, ‘protestive cover and Jeser cutting head move latesally. In the hatter case, the
‘proféetive cover fiay in sonie cises b mibdunted direatly o the lager pattinghead.

In anothisr agpedy, the disclosure foatures 2 moving dndiosursTor & madchire ool
‘{nstallation nchuding ¢ laser sutiing head configured 1o'be movabledn ot foast two
dimensions, the enclosdrecomyrising: {8) a.skirt configered (o sumomnd the lesercutfing
ticad o oo sides; (B} az-axis pyotion vonteol unit, of which the skis s mosated,
sonfigared o position the skirt versioally relative to a wotloptocs 1o'be thackited: and {0}
& profective cover positioned o infercept véflocted Hght From the leser cutting hegd thet i
not intercepted by the sidsty the skirt and protective cover heing configured fo move

imtefally witly the lager cutting head,
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“The disclosure also featurss methods of protecting sperators of muohing tool
installations frora Taser Hight using the moving cpelosnres disclosed herein The detpils of
ong e more implemeniations sre setforth in the-gecompanying drawingy and the
siesoriptiess befow, -Othsr fenturesand advaniages of the enclosures disclosed hereinewill

be dpparsit front the deseription and drawings, and from thevlaims.

DESCRIPTION OF DRAWINGS.
PIC § s a pevspective view of a laser machine tod! installation inchuding'a

.....

woving Snclosurt avcbrdivg 1@ ongimplernentation.

FIG 2 by o front vigw of the moving enclosure shown i FEG 1

FIGS. ¥ and 4 are Tront and botiom views, respectively, of o skint portion of the
ms;wmg enridanre shown in FIG 1.

FICHA fn view of the Hioving. enclosure shown in FIG 1 fakey from belows.

ey

3
IGL 6 iea side eross-sectional viaw of the yeoving soclofds shown I FEG 1.
FIG T i 2 side view ofa spring mounted pin used in fhe skin ;mmcm shows in
FIGS. 3and 4
FI03- 8 Is & front view of the skirt porion-of & moving snclosirs aetording o0t
afterative einbodiment. *
FIE 8 iva fop view of & mhoving enclosure acoording fo s slternative
tmplomentation.

BETATL D DESCRIPTION
Reforring to FIG 1, a lasoy machine tool instaliation 10:ncludes a moving

enclosure’ 11 it survounds a Joser cutting head $.(FIG 2}, 5 workpices bed 2 inclnding =
plarslity of workpieds supports 3 and subssupports 4 disposed srihogonal o the supposts
3. The workpietce supporis'3 wre configured fosupport 8 wotkpicos (not shown), s, 3
sheet of metal, beneath the laser putting bead during 8 cultingroperation, Themoving

snclosare 11 protects the-operator from laser light reflected off of dio- workpisoe supposts,
sub-supports or workpiess, ss will be discussed in detail below. “The inssaliation 18 dso
inchudes foaterial wangfor wiits 5; 6, configured to placs the workpiece on the workpisee

bed prior to processiiyg and veinove it fom the bed after processing.

3
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The seoving snclosure 1 includes 2 protective.cover 14 having o pristettive door
12, e, a bifbld door. In the Implementation shown InFIG 1, the laser culting head &
sl the profeetive cover T4 are cantileversd vut from o fear support swfdes 100 of the
instalintion 10, and avs mopnied on a motion unil 13, The motion wait 13 Inclodesa
“mmotor {vot shown) that moves the laser cutting head borizentally o the X divestion. The
sulting bead roves tw they ditgetion ;ﬁam, y~-divection gaides (notshown), aud inthe ®
directinn on wdivection guides instalied on 8 2-axis plate 120 (FIG 3) The laser cutiing
head moves ralative to the protective cover 14 in the v direction {owands and away ot
the protes im: Joor 12}, sad the z divestion | fup and, down within the protective covery
aid with the profective cover i the x dirsction (laterally). T thex dirtetion, the
protective cover and laser ontting Yead wavel alodg the support surface 100, Motionef
thehead and gover in the x divgetioh allows the laser cntling head and protective cover o
move ont of the way duting placenent and removal of a.-workplece by the materdsl
feansferuniis, snd allows the cutting hesd toumake cuits in the x divection when & fvin
operation. Motion of the head fn the ¥ direction within the protective cover allows the
eutting head 16 wake culy in‘the ¥ direction, While miotion o the head in'the 2 Heseion
allows the distance between the cutling besd and the workpiece -‘tﬁ.ba'as}jastadq S 1O

o

cornpunsate for differsnt workplece thivkmesses and/or-to utilize different processing
ochiigues.

Trving ctdiing, ¥ is buportant that the oporator of the muchine ool ngtallation 30
be protecied from stray ser ighi that nay reflest off of the workpiecs, the workpiess
supporis’3, or the sub-supporis.4. The protective door:12 protects the opsyator from stray
laser boams that: are direcied towards the front {door side) of the eover 14, while allowing
ihe pperater 1o sceess thie laser cntting hiead within the enclosare 11, 8.8, to changethe
head.

i ol o yoininize the welght of the protective vover 14 and allow ¥ 1o be easily
meoved inthe gadivection, and avold collisions with cul parts, the protective cover 143s
openin tegions 20,.27 slong Hs sides and also is open st theback. Thus, a segondary
davies iy nodted o privect this opetator from reflected- Jastr beanii in these ateat, To
provide this protection, the vioving paclosure 1] furthet ncludes o skirt 28 {(FIGS: 34}

‘that swrownds the leser suitting head on fhree sides 30, 32 and 34, correspunding o ihs

4
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apen siderand back regions of the protective cover. The skitt 28 s operdt the Fow {fiont.
opsring 7, FIG 5, sllowing the operator 10 easily pecess the lasor putiity head 8 when
the protestive door 12 fxopen..

Referingio FYG 3, which shows the lasercutting head § from the botiom, the
skirt 2R is dusignied so thet when the laser cutting head § 1544 s position fusthest fromy
the profective door 12 1n the v diveetion, reflected laser lght vould sseape from the open
front ¥ of the skirt at agy polst within sngle A Thewidth W of door 12 is preferably
selectod o pover the entirs sreg into which the seflected Jaser Hght exiting fon the Hont
of the skirt could eseape when the Jaser cotifng head is in the position shown in FIG 5.
For example, Hangle Als spprosinmately 30 degross, and the maxsmum distance I
Between the door 12 and the laser'cutting head § it shout 1.5 meters, the width W el the
door is preferably abont 830 mm. Advantagecusly, since angle A is roletively small (5.8
less than B0 degrees and preferably less than 40 degrees), and the meximuny distance:
between the 1aser head and the door is relatively short {o.g., less thaw 3:meters), the door
12 carrbe relativaly snwll, For cample, fhie width W ol door 12 nigy be lesg than 3
aeters, praferably locs than2 meters,

Proferably, the skint 28 issmall relative to the size of the profeetive cover 14
within which noves, sad closely surmounds the laser cutting head 8. Refering now i
PIGS. 3 sud 4, the skitt 28 is preferably formed of aw array of pins 235 that &xtends
dowrawaidly Tromside lege 36 of o U-shaped bracket 24, In this Implementation, the
‘bases 20 of the plas, which define the botsor of the skirt, are substantisiy lovel withithe
tip of the nowls 9 of ‘iassrwtting head & As aremult, as shown in FIG &, when the
nozzle 9 s positioned closeio the workplece 23 during cutting, the botiors of the slirt
wiil also botloss to the wotkpiecs, For example, distsnce D between the botiory ¢¥ e
ping and the upber sigfhee of the wotkpites ey be less than & oy, proforsbly about e
R

Theping 25 are aranged to form a labyrinth, Le, by staggering the rows.of pins,
This labiviiath attiugément provents o reflectel! taser bearn {which vannst turn & cotmery
from phassing through the skint 28, Theskivt iv'positioned relative 1o the lafer nonde 5o
that the side snos 30, 32 of the shizt protect the operator in side reglons 24, 22 (FIG 1}
and the back 34 of the skirt protecty the operator at (e back of the leser madhine ool

3
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installation. As discusssd above, the operaton 38 protected ot the Frons of ihe tnstalintion
by the protective door 12,

Tha phos, which may be made, for exanmple, of brass, are mounted so thet they sanr
pivot freely with respect to the side logs 26, The pinsmay be-of any desired lengfh which
will provids adequate liaht capture, for txanple sboutZ 1o 4om leng. 6 some
implementations, thé pins are spring-miounted oft fhivside legs 26, o.g., the ping 25 ny
inchude » pin body 33 and a cof} spring 35 disposed arownd an upper portion of the pin
body, as shown In FIG 7. The froedom of movemsnt of the pins prevents the skist fom
being damaged by saovements of the workpiecs; e workpiecs tips dusiag processing.
the pius cax deflect ontof the way without damage.

‘The heipht of the baseof the pins relaiive o the workpiecce should generally be
ma{iii.}f adjustable. When the laser iz in operation, to protect the aperator the bases of the
pius sheuld geneeally be vary closeto the workpieee, e. £ vertical distance of loss than
3 gvem, preforably 1 mmor less. To accomplish fhis, the artay of ping is preferably
capuble of being adiutied vpward tosccommodate workpivcrs having differest
shicknesses o gonupiform thickness. T some Enplomentations, this adipstment s
provided by mounting the skirk of pingto travel vertically with the Jsser head, Thus in
the implomentation showrrin FIGS. 3 and 4, the U-shaped bracket 24 carrying the plus i
shonnted on & E-axis plats 21-of the motion unit 13, so that fhie skirt of pins will mwve
vartieally with the lasereistijon heid 8.

Howevar, in some provesses the Jasernozzie may he umed onwhen ftis 5|
significant vertical distance from the workpiece, ity which vase the operator could be
sxposed 1o vellected laser Hobt # fhs bases of the pinsowere elevated at the fovelof the
Licer howile, Thus; i soms wuplementations the skirt of pids 1o tnounsd so'as to move
vartically fin the z direction) ndependenily of the Taser culting heud, The skirt-of pins
sl wavely with the lsser onitng head i the xey plane.

An exaple of animplementation in which-the pins are mounted £o niove
vertically indeperdently ofihe faser cuttinghead isshown fn FIG 8. Tnthis.
bnplementation, the pin bracket 48, carrying plns 48, 18 raised and lowered by & mbtoy
44, e, aamotor with & Profibus sontrolier. The motor raises and lowers the pip brackst
4% througdy transmission helt S0 which rotatesivam 32, which is conueeted iothe pia

8
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bricket #5 vis miler 54, bracs 56 and puides 58, The dutting hoad ¥, with nosule ¥ &
mounted on 2 separate z-axia-plate 2 which is mpvable independently of the pin bracket.
A5 by a waxis v {not shown).-

When fize bricket 45 and pins 46 are In an upper, reference posiion {e.g., 50 s
-about the workplece (=)}, atoferehon switch 62 (In it ON position} indicates that e
pin brecket 45 s v this upper position. Initially, the nozzle 918 alse in a raiyed position,
eat.#tz=105 mma. Thedistence between the vertiss) positions {in thex direction} of the
nozzled and dhe i bracket 43 is stored by the controller 58 4 reference distance (RDY:

“When e cutiiag head is thioved Sownward By the Z-axis piate 2, » switch 60
surns 1o thio ON position, -Switch 82 first tans OFF {vam 66 moves away) The distance
R and the sctual position of the Z-axis plate 2 are then used (o ealeulate the distance
fhat the pinbracket 45 must move in order (o be sulficiently-close to the wotkpicoe 87,
Afterthis edionlation has beon made, the motor 44 Jowers the ‘pin bracket 45 watil the
busss 6401 plas 46 e vord close fo the workplece 47, ey, 1 ¥ 2 nin from the
workpioee. Bwiteh £2 toros UN, activated by cam 63, and switch/ 60 tustig ON, activated
Ty can 13: Two signals from swiiches 80 and 62 in 2 down position are needed for
safely. Gonerally, i this position the bases 64 of the pins willalso be about 1 mm sheve
‘the bottom of mokzle & (uuless the nozzle ¥ is positioned unusually bigh abovethe
workpizeeduting this fest Jowering step).

Axthis siage/fn some implementatione o height repalation featwre I8 turned o
The height regulstion featurs includes one or more sensox(s) (not showr} thatsense the 2
position of e top surface of workpicee 47, aud send's signal to the 2-axis deive cansing
the x-axis plaie 2 to.move as metded o matntall sn dppropridte distunde between the
cuting head and the workpiece duting operation.

The hieight regulation featire may also he used to regriate the height of the pivs,
2.8 1o aceohmnodate $ifforances intlickisss of the wor hpiece, or smpm@ af e
waorkpiece during Gutting, This 1 acoonpiishied by the sensors sending thesame sdgnal,
mdiviting the position of the top surface of the workpises, {0 ths conttatinr of dee mntor
44,

During the cutting operation, the noxzle Smay be rafsed above the workpiene 47,
for esimple up t0.58 siim, $or special cuttive operations oy for other teasons. Becanse the

3
f
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‘pin bracket 45 ivenntrolisd independengy by motord4, the pin bracket will stay inplate
fmmediately sbovs the workpiece 47 to protect the operator. When the sutiing opeation
is over, the moter 44-will raturm the pin bracket 43 o s ralsed, yoference position,
slowing the workpizes 47 to he easily removed.

Refestingwow to FIG 9, in some impleinentations the laser cutting head is
motnted on-a dogble supperted motion unit {often referred to 83 2 ganty mrohnty, vather
than being santileversd out from a supporiing sucfsec 100 as shownis FIG. 1. Whens
santey mount s used, & woton unit 70 is monnted on a palr of rails 72, 74, thet definea
nackine framae 76, Abrace 78 is positioned at the front of the machine frame 76,
protective front paned R0 i moudted directly to-the faser cutting head 8 1o profect the-
operator in s open front area of the skirt 28, The protective front panct ineludss a door
£2, similar o door 12 discussed above with reference to FIG 1. As disoussed dbove, e
skirt 28 maay be moutited to move inv the z.direction with e cutting head 8, or may be

sontrolied by » deparate drive to Tnove fndependently of the cutting head.

Oiter enbodhments are within the scope of fie Tollowing clalms.

For example, if the skt is extended so that its arms extend the &l lengh of
sraved of fhe faser cutting head, the skirt need not iravel with the laser citting bead in that-
dHrerton e, towends.and away from the profective door)

8
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WHAT B CLATMED IR

1v Acpuachine fpol Installation comprising:
a lasey cutting heed confipured to be movable i al least tvo dimensions;
a workpiooe suppintsonfigured 1o Supporta woskpiscs it eperative relationship.
with the lasercutting head;
a skirt configred {o surround the Taser cotting head on three siies and intorcept
Eigiii st pisses from the Yead and is reflecied off of the w;;r‘iggiecsgr workpiece suppori;
ad
a protective coverpositionsd to fitercept Hoht that is reflected off o8 ilie
workplocs or workpiese suppost and is not infcrcepted by the kit
tha akirt oued protoctive cover being vonfigered 1o move laterally with the laser

“gatting head.

2. The machine ool fnstalistios of dlatm 1 whereln the' skivt is coufigured to

mpve vertically with thecuiiting head.

.. The maching tool wtaliation of claim 1 wherein the gkirt is configured 1o

moviverticatly lndependently of the cutting hesd.

4. The neebine toolinstellotion of claim 1 whereln the skl is configured-to
suove Horkronally, by o second direction orhoponal to said lateral movement, with the

faser cutting heasl,

5. Themaching fool instaliation of olains 4 wheredn the skirt is configured to

direetion.

&. The maching tool insiallation of claim 1 wherdin the skitf compriser an grody

of pins mounted on 2 substansially U-shaped bracket.
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7. The tischive tool instaliation of elain & whereis the pins o arstiged e
jabvrinth, withheiy fong akes oxiending penerally parallel o the divection of Heht
- Nt AR } R

aritted by the fesercutting head.
8. The machine tool nstallation of cliim & whetein the pins are spring-motmted.

8. The machias tool insiallation of claim 1 whetels the protoctive cover includes:

a.dons

10, The machife ool fnstallation of clatin 1 wherein the protective slivel defints

open side and back reglons,

11, The machine fool instaliation of claim 1 further comprising & modor devise

conifigired & move the protective-cover snd luser cutifng head faterally.

13, The machioe tool instatlation of clainy 1 forther contprising a support
structure from which the protective cover-and laser sutting head ars cantffevernd and
along which fhe protective cover und laser cutting head move lateraliy.

13, The maachine fool fustallation of ¢laim 11 futher comprising » pair of
spposed mils between which the mution device is mounted and along which the metion

Sevive, protettive vover and laser cutting head move lateralty.

14, The machine ool installadion of claiin 3 further camptising o skint drive
saotor and g vam srrangement conligured fo ralse and Tower the skiy I response to npxd

Tromn the skt deive moton,.

15, The maching tool tswilaton of dlaint 1 further conyptising o cobtuller
configursd fo control the vartioa] height of the skitt, and s Hedght ropuigtion devdes

compsiaing & sonsor configueed 1o detect fhe vertical position of the workpiese and.
ffangmit o Sgaal to'ihe comiolien

1o
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16., The machine tool installation of claim 1 wherein the laser cutting head is

sontigered Yo-be movable in three dimensions.

17. The machine fool nstallation of ¢laim § whirein the profedtive cover is

monnted divertiy ou the laser cutting head,

180 Armoving enclosuie for o mitchine tool im;taiiation‘ihgiuﬁizzg a'lssef cutting
head vondigured to e movable In ot least tve dhmensions, the enelosurs comprising

2 z-axis mation coniral undl, on whick the skirt is mounted, configured to poskiion
the skift verically elative to » wotkpieve to bemachined; and

a protettive cover pestiioned 10 intercept reflected Hpht from the haser suitng
bk that s not ntercepted by the skist; |

the skt snd-protective cover being vonfigured to move luterally with the laser
sutting head.

1%, The moving enclosine of vlaim 18 whersln the sKint comprises an mirey of
pins mounted on & substantially U-shaped bracket,.

20, The moving enclosure of claim 18 wherkin the st Is configared o waove

independenily o the autling Read.

31, Theamoving enclosure.of ¢laim 18 wherein the protective sever ismounisd
diveedly on the Jaser cutting head.
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