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; e3ehvh\'p 6" TvdvZAUG 07 2002 1725 FR P&W LEGAL w 860,565 9276 TO

'80116565330694 P. 03135 rg™ Descri ption OSCl LLATI NG ﬁTGH ENERGY DENSTTY
QUTPUT MECHAN15M Technical Field 5 This invention relates to mechani smthat
“is designed to steer or maneuver one 8r ntre small high g Y
outputs across a surface to evenly affect the surface, B @&Imm lﬂlﬂmm”mt he
Invention 1 o As one stalled in this apt wilt appreciate therg are sundry
nmechani sns that are comrercially ava:' labl ¢ that are intended t8"*

wor k" t he
surface of a substrate, such as tor PORt  coatings, and oxides, or

to affect the majeari ' chani cal I.SLJ ch as
peeni ng, heati ngbgmwgﬁ@iﬁﬁpmﬁmgﬁtﬁml ke.
These nechanisnms ~.5 typically a utilize nediuns for these purposes such as
waterjets (wth or without abrasives or additives), fluid jets (with or

W t hout abrasives or additives), |lasers, white light, or other nediuns.
This invention contenpl ates nmechanismfor providing as osallating pattern
of the mediumbeing utilized that is applied to the surface of the item

i ntended to be ti.r get.fg. .gl§870/ ST-113] -1 RUG 07 2002 17:25 FR P&LJ
LEGRL 860 565 92718 (ﬂ 565330694 P.04135 . " ,~" High energy density
out put nmechani sms of the waterjet nozzle types that are utilized for

renmovi ng ®oatings, palhissindentionirelatasite hechanismbthat ist designeddo steesrgnl e, whi ch
are currently in practice are exenplified by the follow ng patents: 5

Patent No 5,421, made(iver Giel sttnére st High @flergy densit) duthubiacfoss 238 Facnbi t | ed

"I ~gh Pressure Watajet Nozzle" describes a priof art waterjet systemthat
is typically enp @@ﬁuﬁ- for exanple the coatings applied to airaaft
conponents, spac% vehi cﬁgtefsh%t?g}ef%ei n outer space mssions and the |ike, The
hi gh power waterjet nozzle of the type depicted in this patent includes 10
mechani smfor rotating a nozzle and when transl ated across a surface
creates are array of jet streans discharging fromorifices in a nozzle that
defines a swath Bhaekgrioandofdnelbrventionini formy strip the coating fromthe
substrate. In particular an array of radially exteaded orifices |located in

the nozzig are di rrensiA%ﬁdsxareaiﬁwmltﬁg?&i&aﬂxew@ewhea{mﬁﬂﬁrgy of

the jet that 15 provides the uniformstripping wthout 1ncurring danage to
the substrate. U ._P nt No. 5 7,,293 gr.an to Neredith et .al on
Novenber 26, 199%“@?&“1 %m‘% v %@@?Veg?t@%@ﬁﬂg‘wgggt@ﬁ‘im € dses
anot her high pressure waterjet nozzle capabl e of use for stripping
coatings) paint SiRstrette Suchcas tor esmove ipsint, sqostings; and opidas mrso t thezzle in
the structure depicted in [N870/ST-113J 2  AUG 07 202 17:26 FR P& J

LEGRL 860 565 92iateal 96 thdnps s Iehshiddl Ohekadteristics huthsasyesing, heatihgldes
radially spaced orifices that communicate with a source of high pressure

wat er and the engm%fa?ﬁt : th'hltag « 00771 8 11§ .0} q to
provi de the desire ’itgfr‘llpo? gﬁ‘é nozsz"b@%lélgdé@eﬁlge&et r?eﬁggéwa 0 ighly
energi zed_j et stream deyel oped by the nozzl e, H gh ., ener depsity out put
mechgni s {‘or " V\bﬂ’!{ﬁl’b" E‘%ﬁ?‘?ﬁ’éé"%ﬁl’“@owWCﬁ“W%GUGtS?Wl%XOY without” P

abrasives or additives), fluid jets (with or without abrasives or additives),

20D

lasers, white light, or other mediums. This invention contemplates mechanism
for providing an oscillating pattern of the medium being utilized that is applied
to the surface of the item intended to be targeted.

(N870/8T~113] -1-
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a substrate by peering Is disclosed in the follow ng_patent. U S. Patent

"No. 5,778,713 granted tqButler et al on July 14, 1998 entitled " Zvl et hod
And Apparatus For U tra H gn Pressure Water Jet Peering" discloses a nozzle
-with a single orifice that serves to discharge ultrahigh 1o velocity
waterjet that is utilized for peering the outer surface of an object so as
to alter the properties of the material by |ocalized conpression and
altering the crystal structure. The first two identified patents in the

i medi at e above par agfligbrenesy seasiyoutnyy mochanismsod thewatenetaiozag tyrss at i on by
virtue of a direct assignment 15 thereto or by ownership of the subsidiary

noted directly ithatdseutiizedfor remidvingl cobfirgk, pamtsant thedike fionpsudstrtes Viker j et
Technol ogy, Inc. which has no affiliation with the assignee of the present

atent applicati I t t i i
rpef er encgpand de?glﬂpgé’t gf?ﬁv\cgtigfjscg{ﬁ ?ﬁe!gﬁr%f%%g a}rré;%& @gﬁﬁ%%?trhggﬁﬁévﬁn p

to these
docunents for additional information. [N370/ST-113] -3 RUG 07 2002 17:26
FR P&W LEGRL 860P%#85 9276 TO 80116565330694 P. 06135 ;" r~vVhile this

invention can be utilized in any of the applications described in the above
par agr apis, the pref ePatent NobipdR Iyl grantedits Kinndsont étoal anclune o 1985t he
technol ogy that deals wth high pressure and high velocity fluid flow that
is utilized to r&QfR&e Tksh Plesfir QQ%W f : S LAaL remdirectly
5 concerned with the pa?‘t‘ern o? t | e ster géolgrcnﬁ%%ra?g?eaht oﬁ‘tﬂ#gQY%%et. As
one skilled in the arf will appreciate, t heretof.ore waterjet ,nozzles are
either fried or %‘/éso{y@mﬁir\y yp@?ﬁ‘ﬂ%mw&%{e@f ?thfh?‘ﬂ%%?éﬁ\‘wt?h t hese
types of nozzles is that they have the propensity of cutting into or
scaring the subsmmf%cqmmgm,ypmmmlesamdE\e@&er@pmeamswna rthe like.i nventi on
to be described to hereinbelow Rather than rotating the nozzle, this

i nvention provi dEbe hightpaioen gvatsjet ozzdeofithe rype depictet rpthicpatemt ildudesnear i n
one or nore directions, thus, allow ng any conbi nati on of two di mensi onal

not i ons omstr h.&misrhif&‘f‘rﬁ : ' i J i tern. In
accor danic% wth I? 'S | nventfaéﬁg&{a%%ie%d?ﬁng&%k@%ﬁé@ﬁa%lerﬂigégﬁeﬁgetrs in one
or nore directions to aghieve th ang tion_on the work surface or a
conbi nati on of |¥h&%FY ¢ msa‘ﬁs%ﬂﬁ'lﬁgngﬂﬁ@CWiwzﬁ{edWHﬁnﬁyat he
structure of this invention allows a nuch |arger angular deviation fromthe
normal to the suswathahatfinintended taunifogmiasteip jthe coating fromathiersybstraté. dn
elimnates the high pressure water sw vel which [ N870/ ST- 1l 3] RUG 07 2002
17: 27 FR P& LEsiticHe0ad ahraP 3F Gadiilyoékierded 2RBOGMcated TBthe nozziesars

relatively conplicated structure requiring higher cost and requires higher
mai nt enance. Wik ' t.}e d e. always round)
the pattern of t @e%ﬁrlggég;?ﬁ %gl% itén&?g%}(t%é g@%ﬁu%ﬁ%ﬁé%ﬁ% "r?“gld;{&i es the
cl eanup probl em and, reduces.the over lap at the end of the process
positionﬁ? 5 ThePARYides e wufprmatripping withoys spcurmingdamage tq thegubstiete t to be
smal l er than the heretofore known rotating heads which is abundantly
inportant in installall SnPatettidNo.L8,577,295 gramted taMeredith\eerorsNoveanber! t he
type described in the 5,S77,293 patent, supra. Summary of the Invention

26, 1996 entitled “Full Recovery Stripping System” discloses another high

pressure waterjet nozzle capable of use for stripping coatings, paint and the

like from substrates or components. The nozzle in the structure depicted in

[N870/5T-113] 22
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1 o An object o s invention is to provide I nproved nmechani smwhic
steers or maneuvers one {or nore high energy densitytoutputs as they are
transl ated across a surface. A still further object of this inventionis to

- provide a waterjet systemthat provides a shaking notion to the nozzle
rather than a rotational notion. A feature of this invention is to nount
the nozzle to the end of the non-rotating water transfer tube which is
nounted in a hoyging. .that, i,s | |.ey connegted to a drive mator for rotating
a cylindrical mLa{g’é P?P%PS‘H“H? ‘{%H‘&h’f ng A %esg‘i”’l‘%?’mfuﬂfmet LMET 1 i ne
non-rotating eccentric tube. A pivot trr8~o~sT-ils ~ RUG 07 2002 17:27 FR
P&W LEGRL 860 56% higlypressurewates swbtieeed sifectossupporting the neazleds gimbat he

housi ng at a judicious |ocation and affects the notion of the non-rotating

nozzl e which in meetearte providedheddstiad Abtionof Y A6zAlarl heRss; ithd &bdthef f ashi on
which is a circular notion. The assenbly provides an angular notion |imted

by opposing bu | IC i of the nozzle. 5 A
further featurrerngéhy&l’lg%g?%%ﬁé%ﬁlcfelgelf’géﬁyo@;?g‘gyg?ructure which is
characterized as easy,t o nmanufacture, assenb|e, operate and i ntain) that
i's capabl® of being sﬁ@gﬁéﬁ%ﬂemw@ﬁwcms%@ﬁawpé“ﬁ the pyrfege pf sever al
di fferent nedi uns that |g;ui de smal|l high energy density outputs in a pattern
that when trans|asubstrate by peeningsis disclosedvin the fellewing pafehect the surface. 1 o
The foregoing and other features of the present invention will beconme nore

appar ent {1 om the 1ol yo0d Piferi %055 6i799 o (GORIRR B kA b2t ngg B ef
y

Description of the Drawmngs Fig. 1 1S a Vview part I'n schematic and partly
in Cevation illustkrati e invention; . Fi 2 i vi-e artly in
section and par t?@%ﬂﬁ%ﬂ%ﬁ&#&?ﬁ’%ﬁ“éﬂﬂ%@?ﬂﬁgﬁw% iaﬁéﬁ\%q%{mﬁgg. 1; Fig,
3 is a plan end view of the enbodinment of Fig. 1, and Fig. 4 is a graphical
illustration of distosepsinnrzlecwithe singleorificecthpteerors3p- dischprge ultrghigh 07 2002
17 28 FR P&-J LEGRL 860 565 9276 TO 80116565330694 P. 09135 produced from a

simul atixmn of a velority evatetjef thetis Deilized fornidehiag thwoduter surfabé bf dnl dbfert so
translation, and is illustrative of one of the many patterns that can be
created by the i i afBﬁtJ& . ¢ t her
clarify and illl%ﬁﬁgl;i%ﬂﬁpefs re%gmhxgg?%ve |§%zg§é&gétg§sﬁ%ﬁlﬁ}dn ended to
limt the scope E\hereo!. tail ed Description of the Invention Wile this

i nventi on can bet§f WHETE maneuver | ng or steering high energy density
outputs) of different_medi uns the invention will describe in the preferred
enbodi ment) mechani sn¥hé first twoidentified patents in the immediaissbgveparegraphsaréiay e
inparted thereto a small circular type oscillating notion (a very speci al
case of Iinear, déwned bgiUnited TectalolopissiCutpordedn by Vietuabf adiredtagsighnRatt ern with
a pivot that allows small angular notion. the mechanismin this preferred

UL 4R B R T

enbodi meyg i s ty@
is often referred to as an one s nthe art wll

latter patent is assigned to Waterjet Technology, Inc. which has no affiliation
with the assignee of the present patent application, All of these patents are
incorporated herein by reference and details to waterjet technology may be

referred to these documents for additional information.

[N870/5T=113] -3-
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15 appreciate, the position of the eccentric nounted pulley and rotating

" tube selves to change the pattern of the end effectpT and hence, nozzle or
ot her output manifold. YWile the invention is particularly concerned with

- the renoval of paint and/or coatings 1lmmthe substrate, it will be

appreci ated that [N870/ST-113] RUG 07 2002 17: 2B FR P&W LEGRL 860 565
9276 TO 80116565330694 P. 10135 this invention can be enployed to perform
other functions, such as peering, surface hardening, to nane but a few For
the purpose of unders inventiongar be utiizedin any ofthe-anplications described t er m
small refers to the dinmension of the swath of the output when the 5

mechani smi s i n imtstsbbveparagraphs tlie preferrad embvodiimest ofethistinventibs rélstes t ot al
surface being worked. The term high energy density refers to the force or

intensity of th | M@@F g j I .S, such t hat
i f remained st a? ?gﬁgké;ﬁhat g‘}‘g‘éér?i s;“e'iﬁicl)%hg’?&%ﬁ?reﬁ?w-gﬁ?ﬁ@gﬁggg@cgﬁ%muI d cut
into the surface, of, th‘e it em bei ng, wor ked on_or damage said, surface. 1 o As
best shown in Fithet is ytilized $o,cemaye print gpcoatings framdhe mbstzate and isditeetly general | y
illustrated by reference nuneral 10 having a main generally rectangul ar
shaped h&usrng conperoedkwith thepattem of denjetsticath directed to Heutargety Aonmy be
formed fromtwo parts) fore portion 16 and aft portion 18 that are axed by

suitabl e bolts LRilRddn thot Wl appecibeUitle Herelofof WRBHétSndzARs kil ifhend 15 tube

20 nounted in the central, bore 13. As noted, rotating tube 20 1s rotatably

supported by th gl s aj:1 abl.e need bearin 6 d 28, A flange
30 fornmed inter %ﬁ% "tvﬁ@eé‘?:azg%#‘%gf‘ﬁ?&wa- JFFFDW%“‘e\%?’éﬁb‘F%B'PF%Bf ally in

t he enl arged di aneter, portion 32 of bore 13 serves to form opposing

shoul ders for tmoaéﬁlb@aﬂhﬁg@vsﬂxemmwfwttmm@t@grswgme@ ¢wie cat ed and
suitable [ N8~0/ST--113 ~ - § RUG 07 2002 1729 FR P& J LEGRL 860 -565 9276
TO 801165653306%hetenlyl B8&/or are lassc effivcient ithdn yheairvehtidnl €o ealdesceibed sui t abl y

| ocated to prevent |ubricant |eakage, which are the end seals 44 and 46 and
Oring 3@ Muntiagigyabwf fuced to the rotating tube 20 are the pulley 52
and the hand-wheel 54. The pulley serves to rotate the rotating tube 20 and
is suitably attached the drive eel 5 f, 5 a suitahl.e nofqr,. 58 shown
in schematic and a sdﬁggﬂl @%5%?%%‘? gl‘? inwention gIRwdey,? § oneric
belt 54 connected to the drive wheel 56 and pulley 52 which will be
described in furmeien trethsi nozglerthatruguldobe limesr imenests mprecdirestions, shusy t

appreci ates the pulley arrangenent can be easily replaced by a gearing
arrangement w t hadlotvingeangrcombinafion of twrediseagienaDinotibasfror seaightdines e 10
comrerci $lly available notor 58 nmay be any of the well known types such as
air or fluid drig I ol I - isietid ube 20 at
say, between 300&?%8%889} g%%)lbtfili ngpgtgdi;ﬁrgg?ogdﬁf&%%}@gh spié%lggl?és

predi ca on th arti.cul ar, task,for the end gffector. .The hand wheel 54
el co 180 ¢ abl yPoabe FobY £ s eiir 5 oo on e oo A acieieARE Sneior owi ¢h
and serves as a convenient way to set the end effector during set up at the
initial stet of motioncethe werk surfacelor a gembinatiorsefdinestand angulatrmotions. i nvent i on
a through hole 25 is bored into cotating tube Z0, extends therethrough and

is located of f centerfleiotid . . ne an
eccentric as wll be deescri QESO%WT%Qth invehtiGH alfovkss fEH

larger angular deviation from the normal to the surface than a rotating

waterjet, The shaking motion eliminates the high pressure water swivel which

[N870/ST-113] _4-
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~ hereinbelow. It is apparent fromthe foregoing that' the centerline of
nonrotating tube~otates in a circle of radius B about centerline A) The non
- rotating tube 14 is supported by sleeve bearings 22 and 24 which are
nmounted ~~/~~~ ax either end of the rotating tube 20 and di sposed between
outer dianeter of 5 the fixed high pressure tube 14 and inner dianeter of

the rotating tub ar 27 and thr 9 .sur ndi ng t he
fixod tube 14 ang g&“@?%é’ﬁﬁﬁh %‘B‘é‘"’ztﬂamgi@‘efe%‘”F %é&wrfé't faced
tube 14 into place and hql.d the fixed tube 14 inside the rotating tube 20.
Al so, in accor damaat eghe workingipstiern ofirateted aprrissare tlwagnmgounds i 0
defl ection of the nozzle the main housing 12 is pivotally axed to the

bottom pl ate 59 thg pﬁttemadiﬂ the [potsefit DOerRivh Bld/ bé sfukpe WhivhndimplifiedRhorts 62
and 64. Opposing cap screws are nounted in dianetrically opposed bores

hous ng. ”Aihﬁtf{“%““@&cr?ﬁﬂﬁ* 153 R o2 o Rl RSte 0 ™

housi ng virt f the,r Iaxatlon and t on of the puttey 52
as it drives th %’?‘fnﬁghef‘ﬁﬁ h?(?’?ﬁ?fé%@“f'ﬂ’éieeﬂa’u@c’fdﬂ’ﬁs@ﬂ?‘ﬁﬁéwﬂﬁl vot and
bounce agai nst the rubber or el astoneric nenbers or bunpers ?0. The

assenbl y provi deherétofore knommaotating !wd&whldemabwidantbempomt Whinstallatioas
toroidally shaped to accommbdate a screw 'I1 through the center thereof to
affx the bunper sthaQutilige #PRVEM recdvieRLystem dfitRe fDE dciledlihdhd 5571893 AUG 07
2002 17:30 FR P&W LEGRL 860 565 9276 TO 80116565330694 P. 13135 ‘i nner face
of bottom pl ate ‘éﬂﬁ %@@Ped by screws 60. The housi ng engages the bunpers
70 in atinely f bn*as will be described hereinbelow In operation, a
sui tabl e nozzl e 80 depicted schematically and may be the the type descri bed
in ~J. S. Patent 5,421, 519, supra, or any other nozzle 5 is attached to
the end of the non-rotating tube 14 where the threads are forned and may

i ncl ude one or nSwanmaryloftle Inyentdordesi red and is inparted the pattern
dictated by the setting of the eccentric and pivot 65. In this preferred
enbodi mepg, hi gh pr esanoBjedRdfehis Biveionit fdp M@nﬁﬁo@éﬂﬁ%cﬂa&sﬁﬁﬂlﬁéﬁ‘ereto

fromthe reservoir 76 through the suitable wel own punp 81, cornecting

line 78) fittin t t y through
the orifices i ngi %Le}sr?g ,R#Q%J‘Sﬁ&nm ? 3‘4‘%5'15?%?‘["]‘? o%{En@"tyrag ih e drive
pul l ey 56, which |n u n drives belt 54 and in turn, rotates puIIey 52.
Because the fi xetiansfat QM ASUTRLS: ube 14 and the rotating tube 20 are
eccentric relative to each other as shown in Fig. 3 and the space depicted
by the vertical |inesABtiBfurther algjzatlof thiSinwkhtionlietd prpeide edvaterfeh ayseenpat t er n
where the notion is in small circles. Ag descnbed above the end effector of

this invention athﬁ@:@ﬁ@éﬁﬂﬁ%ﬁ@ﬁﬂﬂﬂt@me%&ﬂewhem d:%tﬁtoﬂw:ﬁaﬂmby the

pi vot 65. The purpose of the angular nDtlon Isto e |n1nate t evenness of
t he tops,and bottons gQf | e or t he sna s defined
by the s:h%ke rmverrentxfg%)t“?%‘a{%tsﬁ% 8@%“[@%/"8@31‘3 I°? the RUG 07
2002 17: 31 FR P&W LEGRL 860 565 9276 TO 80116565330694 P. 14135 the circle
are snmeared as tRE-Iotating water sransferfubexwhigh icmounted ina housing that lispullgy t r eat ed.
Wt hout the pivot 65 we have found that the even edges of a perfectly

circul ar patter ncomiested to hedrivermatpe torrotatgs Slindmal ﬁﬂ?ﬁ {rotatifig b
overworked. In the preferred enbodi nent the driven pul ey 52 as 48 teeth

Ul 1 oys bor e o TAREry OB £ BB SRl nolyrol i voroHhie A Bkl (o

toothed belt pulls the pivote~~~l~~~ ~ assenbly into the front set of
bunpers. As the driving pulley 52 noves away fromthe high spot the belt
tensi o nd allows the bunpers ?0 to nove the pivoted housing 12
unforcg%gfﬁ/gf Sga ng or rocking notion.” SIO B ecause of the differences in
the nunber of teeth in the drive and driven pulleys there will be 48 such
angul ar kicks in 19 rotations of the eccentric circular pattern before the
pattern of angul ar kicks and eccentric positions repeats. This | ength nmakes
t he angul ar notion appear to be random

l'




_The ST HZ 157 M GHented with a cormer Cial [y availabie 15 pfoximrty

aencor 83 that extends radially into housing 12 and:Ts spaced relative to

t he peripheral surface of the flange 32 and serves to neasure the speed
-ofthe rotating shaft 20. This sensor is optional and does not constitute a
part of this invention. Fig. 4 is a plot of the sinulation of the center of
a one orifice nozzle (N870/ST-113J -12  AUG 07 2802 1731 FR P&W LEGAL 868
565 9276 TO 8011656533Q0694 P, 15135 |jnearly transl ated across a flat
surface. The patMBPPrtEEee hoysiag 32 judicipus focation and affestsstheimotionrefithe but with
edges that are skewed. The snearing of the edges of a nostly circular

pattern prevent sonitetatingyaczzlenvhichtisthe present euafigueitioadnoves Goar Gyeillabing t hi s
mechani sm descri bed in the above paragraphs can be sinply nodified to

include additi vwnm&ﬁ%vm%{)@' ‘g?s?%se é@ﬁ’%ﬁ%@#ﬁ‘?‘éﬁ%@’@?& her fluid

medi unms, Mreover, It IS contenpla € i on that

t he nmechani sm can _.be .enpl ov.ed, for peerin r surface hardening or other

pur poses and cou "(']""'l‘]'sbgr%ﬂ’ﬂé?gh‘é‘ﬂ?ﬂgﬁﬁd?ﬁgﬂaﬁﬂ'ﬁ%"mﬁ%ﬂQfdg"s'lﬂzl‘l&ce, such as
| aser, white light and the Iike, Although this invention has been shown and
described® with respech futherdesturecef thistinvintiomista providefstrupturavivhichie

appreci ated and understood by those skilled in the art that various changes

in formand det ahlractesizehis casy tdmaniiictums| ddsombledefenitt i and rhdisaint Hiae Spi rit
and scope of the clainmed invention. 15 It is claimed: [Ng70~ST-113] RUG

07 2002 17:32 F sable -G Hlin . Cl ai ns
1. Mechanismt hgft'i IE%ari%(lauver S g‘éﬁ@er@@%ﬁo%faéé%lé&ﬁg%é@é@?ﬁéﬁ@@%&ﬁ@ﬁs far
wor ki ng t he sur%aﬁ.e of a,substrate including a housing, sajd housing
produci ng a shaldiigreRpmediums that guige small igh e5erey dersity ONERINS BAPateITs densi ty
outputs so as to be linear in one or nore directions to allow any -

conbi nati on of tthat whiemdrasislatediacross 4 surface fwill evetilyoaffoctthe surfscesmal | hi gh
energy density outputs including straight lines, circles or any Lissajous

figure paftern. 2. Merieshiegsing i ot ANYEI T (W el HREAICNAL LERGHEY density

S 0 outputs for working the surface of a substrate as clained in claiml

wherein said st gki 1 I .nat | d.unensi onal
notions of said |llggﬁlp gﬁ%’r’ﬁ@"ﬁé’r‘f‘g@? ogt%g{@blgg&gggﬁcgkpéxﬁ%d?msnechani sm
further maneuvers said small high energy density output to skew said
circle. 3. Mechanismthat maneuvers one or nore high energy density i5

out puts for working the surface of a substrate as clained in claiml
wher ei n t he out JBriefi Resgriptior of the Dyavdags ST- 113 | - 14 AUG 07 2002 17:32
FR P&W LEGAL 860 565 9276 TO 80116565330694 P. 17135 4. Mechani smt hat

maneuvers one or nor €Fig)igha et/ vt ichdnyatie whd Bhly iPElevitiokiMitrhfify Sur f ace
of a substrate including a housing having a

15 the invention;

Fig. 2 is a view partly in section and partly in schematic of the

embodiment depicted in Fig. 1;
Fig. 3 is a plan end view of the embodiment of Fig. 1; and

Fig. 4 is a graphical illustration of the motion across a surface

[N870/ST-113) -6~
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~bore, arotating tube nounted in said bore around a LiXxed axial axis, a

fixed 5 hollow tube mounted in said rotating tube about a different axial
axis, drive nechanismto rotate the rotating tube at a given rotational
- speed so as to shake the fixed hollow tube at a given shako pattern, an

energy receiving dw ce having said one or nore output devices nounted on
said fixed holl ow tube whereby said energy receiving device is inparted a

shaki ng notion a i . recei Vi devi ce di schargi t he energy
to a target for %%?ﬁ%ﬁoﬁleggﬁé@é@ 4 ﬂ%ﬁgﬁﬂgﬁ’é‘? © '39“%8’4{}%? é"r‘F?‘t hat
maneuvers one or .nore high energy density outputs for working the surface
of a substrate a4n%ariraqsition, apd i ifustrative pfioneef the pramppatterns thataatbeni sm
nount ed on said pivot so as to pivot the fixed hollow 15 tube and the
rotating tube increateddyithé prekeng inventiient at predet ermi ned periods of tine
so as to inpart an angul ar novenent thereto so as skew the shake pattern.

[ N870/ ST-113 ] - 15 &&@%@% . . 76 TO
80116565330694 P. 1813::I>.h6. c%é%mé&egttg %@%ﬁhg&ﬁteﬁﬁ?ﬁqﬁf@h ener gy
density oMtputs [ rki.ng the surface of a substrate as clainmed in claim
5 wher ei ngsai d h%\&gz}tﬁ% %ﬁ@?{,g&gmgn#qslrtg%gﬁghgﬁ@pa,qhe&q:qf, end, said rotating

t ube extendi ng beyond said fore end, a pulley or gear nmounted on said fore
end and being 5 affixed to said rotating tube, a driving nmechani sm

i ncluding an interconnection for driving said driving nmechani smand said
rotating tube) aDetdiledDescription of thellaventfondPorting said rotating tube. 7.
Mechani sm t hat naneuvers one or nore high energy density outputs for

wor ki ng the surface Omeﬂipﬁﬂ'éﬁo%cﬁﬁbgb ' 39?9"%1%-“5%%‘%]&%%@5%@?1 0 said

rotating tube includes a flange portion interne eof and
exteading in as | arged. di anet.er of said bore, thrusf bearings supporting
said flange to a%geﬁb&]?ﬁly Pﬁpﬂgg qf diffecent mediums the igvention will dascribg inube, 8.
Mechani sm t hat maneuvers one or nore high energy density outputs for

wor ki ng the sur f the@refarred embodiment, meclmnismavitheinomrotitimgmozzleiesigied tsai d fi xed
tube extends beyond said rotating tube, a collar affixed to said fixed tube

mount ed Belj acent have impirtkdrthératol agnallitulargpe ot dllakng m&ﬁgiv&y%?wdi ng said
fi xed tube and bei ng nounted between said collar and said rofating tube

[ N870/ ST113] - 16, ; : P&~ 76...J0
80116565330694 P‘.’afg?ggn %’r&g@'{}‘?‘ﬁﬁ%ﬁ%5@3%&#&@%@“@@“&%&%&% &xi al
position relative tﬁ sﬂgi fixed tubel. 9. .Mechani sm t hat, napeuvers one or
nore hi gh ener gyP'y8 & fHBUfﬁm“g angylag,motiom gL he mechnismcia this prefemedi rat e as
claimed in claim8 including 5 a bottomplate, a trunnion support nenber
sandwi chi ng sai dcRbRsimen ishypically molintgd sniadrobotand in industrythisanechanisrect i ng
said housing to said bottom plate, opposing buiripers nounted on said

bot t om pl at e andis| aftent refersad tdhas af defld REWELFTY ARDSHES KRR e HYWRBT S as
sai d housing oscillates about said pivot when said pulley or gear is being

rotated.1g0 10. b St i \V r [ ner ensity
out puts for working t %su&lpgggﬁg?ﬁ% %ﬁ%ﬁ?ﬁ@%@p&ﬁﬁﬁg‘gr&ﬁtw 9
wherein said drivi ne% meg¢hani ﬁm i ncl ugei‘s a second pul |l ey or gear
eccentricakly SV to ¢ the pattern of the end effector and hencé, nozzle or other

output manifold. While the invention is particularly concerned with the

removal of paint and/or coatings from the substrate, it will be appreciated that

[N870/ST~-113] -7-
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mount 84° r%1 23RV €8 &4 puﬁp\ ey and a beFt made froma resilient nmaterial

“interconnecting said second pulley or gear and said‘ﬁulley or gear to cause
15 said housing to oscillate about said pivot. 11. Mechani smthat naneuvers
- one or nore high energy density [N3870/ST113] .17_  AUG 07 2002 17:33 FR
P& J LEGAL 860 565 9276 TO 80116565330694 P. 20135 out puts for working the
surface of a substrate as clainmed in claim 10 wherein said rotating tube
extends beyond said aft. portjon of said housing, a hand wheel axed to said
rotating tube at'MSHBVSnHR Fﬁnﬁe ¢iRelpyedstei nerform athen finetions, sehep peeningyond sai d
aft portion so as to nanually rotate said rotating tube. 5 12. A waterjet
osci | I ati ng mechsunfagerhdrdening, dolnameabutcnfewl.t ra hi gh energy stream of water
aimed at a target intended to be treated conprising a housing, a &ed tube
extendi ng through a tFﬂrQh&;bhrB&b& { [Wy'T i =R i d
connected to a source of an ul t?ghﬁ‘iiegﬁwearll g§dgmgpaﬁaﬁﬁﬁ%@e@%t§gposi te
end comuni cat i i B _out put ..and .bei di_ spps al o a.central axis,
a rotating tubqumeﬁrsyl}lr%dﬁg ng%u dimension Gggh’df‘g%sigh? ﬁ“ﬁ’g’it d"bﬁﬂrtbe and
di sposed along a different but parallel axis, bearings nesas for supporting
said fixed tube MErhaRiEm 4N a statienary prsition whemviewedrefasive kothedatabisurficat i ng t ube
in said bore and said rotating tube being rotatable relative to said
housing and 15 sheing worked! The beem highdbnerg density refer§Re fHel (Bebeo? irREnsity@Fi ON to
said rotating tube and nmeans for directing ultra high energy stream of
vater from said (heuhesim W i HtkabrioiPoh I Grmdd Y SO aPIrte bR 11 3
predefined pattern to the target tor stripping nmaterra roma substrate.
[ N870/ ST- 11 3 ] RUG 07 280%.17 7, FR P&W LECRL 860 565 9276 TO
80116565330694 P 2Pi4Y a1 a8iven perjog qf ime ke intaragtion gvapls o1 inte the @wrtags oduci ng
an ultra high energy, streamof water ained at a target intended to -be
treated as cl ai rRfdbé item baing,worked on oidampge saidsuracepl at e bei ng attached to
Bal d housing by a pivot for pivotally supporting said housing,
di ametrilal |y opposedAdbesp showrbin g 130 tHelinvention 6hprives fHean8-efféstofl housi ng
bei ng oscillated about said pivot to alternately bunp up against said
dianetrically o a f B hi gh
nrasAlly PHERFAR S by @?ﬁ?e g ﬁxﬂﬁ?pagé Haling' o Silist r#b%x{aﬁ%

energy stream of water. 14. A oScCl I ng chanr's roduci ng

an ultra high en ~r ream of . water ajned,at a tagrget_intended to be
treated as cl ai Wh@’%‘?‘}ﬂnﬁgraﬁ@k "B‘gi%"eméa F%E-tﬁﬂ@“&l%nds
beyond the fore end of said housing and said faced tube extends beyond said
rotating tube atm#hbe jfomeed fremuweparts.dfort pastion i Gend afbportion d&dbatimeg ond sai d
fore end, a collar affixed to said fixed tube for axing said rotating tube

in said bore of afhied birsuitabletbolts 5 ard tu@dkie ket hovsing 1 ippostsiRE hewtisgn f or
producing an ultra high 15 energy stream of water ained at a target

i ntended g 0 be tgsdEs | .é%fitﬂil | @i ' bl s | means
supporting said fixed ?ﬁgﬁﬁgl e Sglo% I?b a&éﬁ%@%@gﬁjgé‘?ghﬁﬁgﬁhﬁari ngs
and for supporti [ of at.i ng.taube .t o be 70/ ST~113 ]..- RUG 07
2082 1738 FR P&\#M%&@E%@ ‘@gbm@%‘g%&a} @§%§sé]ﬂaesfat abl e
relative to said ftj xed tube and said housing is needl e bearings.

30 formed intermediate the ends of rotating tube 20 extending radially in the

enlarged diameter portion 32 of bore 13 serves to form opposing shoulders

for thrust bearings 33. Obviously, the assembly is lubricated and suitable

[N870/ST-113] -8-
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16. A waterjet oscillating mechanismfor producing an ultra high energy

" streamof water ainmed at ‘a target intended to be trieated as clained in
claim 15 wherein said fixed tube and said holl ow t ube extend beyond the aft
. 5 end of said housing, and th~'ust washer disposed on said fixed tube

adj acent to the ends of said rotating tube for supporting said rotating
tube, 1 ~. A waterjet oscillating mechanismfor producing an ultra high
energy stream of water ai ned at target intended to he treated as cl ai ned
in claim16 wheemM aﬂaélgblgsqagrarq m@lwlwgtqu?awehﬁvbwﬁﬁ B88es a drive
pull ey and a driven pulley) said driven pulley being affixed to said
rotating tube arvhichareithe end sealsdidland 45 and @-xing 50 Mdunted andtaffixedrtd the dri ve
belt interconnecting said drive pulley and said driven pulley.. 18. A

waterjet oscill abiaﬂﬁgmmmrsmezpmcpsmdﬁa:ihwamwﬂwsq’m‘: R Egys St ream of
water ainmed at a target intended to be treated as claimed in Z 5 claim 17

wherel n sai d dr iy polidl¥rdid 580 bAd i At IHBIAo U AiephdePsegt d dzi ven

pull ey to cause Sal vary orce between Said drive

[N870/ST-7.13 ] - 2 AUG. 07 2082 17:38 FR P&l J LEGRL 860 5659276 TO
80116565330694 P.%%MB@F?%%W@EWHF AR @ﬁ?@ﬂ%f%\ Y &Y e said

housing to oscillate about said pivot. 19. A waterjet oscillating nmechanism
for produci ng asubleroachstgmerobely§4 sornected ¢f thealriee wheelsSd aad palléeyaset
intended to be treated as clainmed in 5 claim18 including a hand wheel

connected t 0 Saiyhigifltte ABschib&in RirtHe Gt HerGRMbIcH,. A% siMed i @isl#f ot ating

said tube when said notor is inoperative condition. 20. A waterjet
oscillating nechanis of..Pp ucin n ultra hjigh trt ~ of water
aimed at ot ar gAPBraals Ras d-iredent <t el Y B & e o wner ol n
said rotating tube includes a flange extending in an ingreased di aneter
portion of said 2SEANGeRmARE PMithowt depagting, Fomnshenscape; of this dnvertenaTh8l di anet er
to bear against said flange to absorb the thrust | oads inposed by the high
ener gy 0 eam ofconmbercielly2tailablewaiterr §8ahayolbecinyl of thenwellkrivantypes such apr oduci ng
an ultra high 15 energy streamof water ainmed at a target Intended to be

treated conpri si i k : L rough bore
i n said housing ﬁﬂ%?g?@r%%ﬁn?% srzeli%@ tg%‘b@%ﬁ%@?‘%‘?ggo?ﬁ &l J LEGRL

860 56S 9276 TO.3 300604 PR 24135 havj and e a source
of an ultra hi g&‘gﬁérgégé\?% erm‘éﬂﬁh gerowgtﬁmggﬁvﬁ%bs %leﬂ; g%@ﬁ’é;% th an
out put and bei ng di sposed. along a central arcs) a rotating tube surrounding
sai d fixed tube %@ﬁ@é@ﬂ“]‘ﬁta§5?‘2ﬂb@ﬂ@ effestodi sposed al ong a di. ~erent but
paral |l el axis, bearings for supporting said s fixed tube inside said
rotating tube and suppierhandgheeliSd israldomsuitatdy affized iorths eotatidgtube 20 dnd ai d
rotating tube being rotatable relative to said housing and said fixed tubes

and nmeangs for i njagiidstRétewith #{d%serveS dsQtohnef Way 19 s thélend et ddrifigans for
directing ultra high energy streamof water from said source) though said

fixed tube, through _sajd:. t, 15n.a predef ne ttern to the 10 target
for stripping mﬁlégPF3?%?@%131%%&&“;#@“%&%?'@8%%I ate being attached to
sai d housing by a pivot for, pivotally supporting said housing, ..

di ametri cal |y opposedihigeseedascepithithis invention @ thisugl hiels) 2 B, boted intPousi ng
bei ng oscillated about said pivot to alternately bunp up against said

di ametrical | y oprotstimg tube 20, extends therethrough and is located off centerline A by an

amount shown by letter B to define an eccentric as will be described

{N870/ST~113] -9-



AUG B7 2882 17:23 FR PRI LEGAL . Be@ 565 9276 TO BP116565330694 P.12/35
bunpers to change the pattern of said ultra high energy streamof water. 15

- 22. A waterjet oscillating nechanismfor producing an ultra hi gh energy
stream of water ainmed at" a target intended to be treated as clainmed in

- claim 21 wherein said rotating tube extends beyond the fore end of said
housi ng and said fixed tube extends beyond said rotating tube at the
juncture [N8?0/5T-113 ] - 22 AUG 07 2002 1738 FR P&W LEGAL 860 565 9276
TO 80116565330694 P. 25135 where said rotating tube extends beyond said fore
end, a col | ar afhiereisbelew. Kds apparensfromitke fosegains that the esatedinecifaonng t ube in

said bore of said housin 3. A wateryet oscillating nmechanismfor 2L
produci ng an ul trozatinggib rayatessinrac@rtleodt rabibeB sbovEsenteiline A, arl@qiont I(%e(}i;_ 55 )-
to be treated as clained in 5 claim22 wherein said bearing neans / /’

supporting sai d foisffgnibelq id s ' 852 hitPss Whid RS /235
and for supporting s%li d rogagtﬂ?%cgﬁgggg%%%%{dpgtg%ta e@grgg@gﬁ?tg&sai d ﬂf/,
fi xed tube and sgi Qug' i_s,.peedl e hearings, ,24. A waterjet osgillating
nmechani sm f or pr%&ﬁ%ﬁqﬁéégﬁﬁﬁlr??‘gnﬁf%ﬁzgﬁeﬁl898%‘?#5%38? Oist gﬂ‘mﬁfeﬁﬂg at a

target intended to be treated as clained in 1. o claim23 wherein said

fixed tulfe and sthedixed highpressuee whe dbandinpendiamster of thegotating tubei2. housi ng,

and t hrust washer disposed on said fixed tube adjacent to the ends of said

rotating tube fcShatuplar27iand timest dastier 29 urtbuhdifthe B2od HbyVP4 Riid &tteabtSCi | | ating
mechani sm for producing an ultra high energy streamofwater ained at a

target | ntended g dpfuk 03 Serdss aBhIE the el Bl o3I A 1 0, Teans

for inparting rotary notion inc rive pu riven pull ey,

said driven pull i ng, at.hxed to said rotating [N870/ST-113 ] 23 RUG
07 2802 1'7 39 F@éﬂg@ E%@é@egk?d"%ﬁﬂ O 80116565330694 P. 26i 35 tube
and said drive pulley being driven by a notor and a drive belt "

i nter connecti ng sai d 4lspyin greprdapceawith this ihventioneandtalachigve themngwlanat er j et
oscillating nmechani sm for producing an ultra high energy stream of water

ai med ati@ tar gedefleofiamndf: cthé qobse, ! the ! hassing & Epivofllp afixald T ke Wher ein
said drive pulley is eccentrically nounted relative to said driven pulley

to cause said b : | riye pulley
arid said dri Ve%%ﬁgﬁbé&ﬁé%%gémygﬁcﬂgxtggkSaglﬂ;l 8§ %ﬁ?ﬁ'ﬁ%‘%@?‘f‘gg@?&ébout sai d
pivot. 27. A watgijet qQscillati ngr mechani,sm f or. producin anggl téda high 1 o
ene~r strewn of POsIng g screws, re mayated in, diamesigalyPrposed kerestemaed ¢ ai ned
in claim26 including a hand wheel connected to said rotating tube at the
aft end of sai d AdhesTungionsupRors 42 iand; 64 andiformiscpivat §4 ferthg main housing.

i noperative condition. 28. A wateget oscillating nechani smfor producing an

ultra high z 5 eaewiibesdesaibed af furvhercdetl Hepsintrlovatieaige housiigbydddud 0 be
treated as clainmed in claim27 wherein said rotating tube includes a flange

ext endi in an 4 Akxato 7 c 4 : . R P&-J
TRl e Lo o ST Ahition M nddh e belt fpullef 2a0% %@?ﬁ%#@&g ai d bore

and t hrust beari,ngs unt in said., ncreased di aneter,to_bear, agai nst said
$ange to absorb tf’ﬂ%2f0?ﬁ’ﬁist%g‘f M&ggﬁwggﬁ,ﬂpﬁﬁt Fﬁﬂ’"‘"’“ against the rulbber or
elastomeric members or bumpers 70. The assembly provides four rubber or

elastomeric bumpers 70 which are toroidally shaped to accommodate a screw

71 through the center thereof to affix the bumpers 70 on opposite sides of the

(N870/ST-113] -10-



AUG @7 2082 17:38 FR PR LEGAL 6@ 565 9276 TO 8?118565338694 P.13/35
hi gh energy streamof water. 29. An end effector inc I ng an out put

"mani fol d having one or nmore s outputs, waterjet oscillating mechanism for
produci ng an ultra high energy stream of water ained at a target intended
-to be treated conprising a housing through said one or nore outlets, a

fi xed tube extending through s through bore in said housing and having one
end connected to a source of an ultra high energy water and. the opposite
end comruni cating_w.th id ou nma ld 1 o ein dIS osed along a
central axis) a ﬂB?é%FﬁggW@HB é@gé Acheth Y§EFHS§$5&H?P & in said
bore and di sposed along a different but parallel axis, bearlng means for
supporting sai d Yumpsss leeatlmslvcﬁa:sh@aladmﬂ)badcsngbttd}mmbnlbvsupport| ng said
rotating tube in said bore and said rotating tube being rotatable relative

to said housing and shidpefationca suitdble nafde 8®astsictbd scheRAcally A8 hag b ot ary
notion to said rotating tube and neans for directing ultra high energy

I L L e

out put mani fold an ne or pattern to

the target for stri n teri roms sybstrate, botom ate being
att ached 1 N870/ S¥- ‘fﬁ)@k d'to dF&fG“B'F"Q‘G@‘Z“’l@@"FH Whess t E@ﬁﬁﬂ‘iﬁ@é%as 9276

TO 80116565330694 P. 28135 to said housing by a pivot for pivotally
supporting said fooned ang,mayiincheterdne at morooytieseas ib desired endrisimpartedahe sai d
bottom pl ate, said housing being oscillated about said pivot to alternately

bump up agai nst ﬁmﬁxdetambymeadehiﬁgwﬂmeeﬂ@ﬂm&v&csschmﬁepr&ieﬁe@attern of
said ultra high energy stream of water di scharging from said out put

fold. 30. A t put

2e ol aimed i n ol SR UACE ?@.Pﬁ*@%%&’i%ﬁéﬁuﬁéﬁ@b@%@%@q@%rﬁﬁe°¥‘o?3 )
d of i d housj d fi ds b d tub
at the juncture ”89%%538'%% c bl Bl A Ao OS5 15, o,

collar 1 o ai~xed to said fixed tube for affixing said rotatlng tube in
sai d bor¥0of saifiting 74 thmonghalie noarrotating wbé &4 and ultimatelyothrapgh theoorifices havi ng
one or nore outputs as clained in claim30 wherein said bearing neans

supporting said iitkesbzzié!se, Tﬁé'nﬂfoﬁ%a’ié&tﬁa'dﬂ0e§tHDSnV§pdl¥é&‘S@3\bh1Qﬁar' ngs

and for supporting said rotating 15 tube to be rotatable relative to sald

M b i X
ol ai m 31 wher ef rieUHing S SR e R EuP it B BT e BHASB YR ¢ he af
end of said housin ) and t hrust washer di sposed on said fixed tube adjacent

to the ends of s indlfig.iand shespacer depistasichyt the yertiaal dineoB <R thegogzle ube. 33.

An end e~'ector |ncI ud| ng a nozzle having one or nore outputs as clainmed in

cl ai m 32Lsher ei nwilbbeinparted a blnke ipBipeth Whege the ifvtion ihismall cirelesides a drive
pul ley and a driven pulley, said driven pulley being af5xed to said

el £ 10 i nt er connoct HAGeERg e B S RBD Mo Bifbritte B '

angular motion. This is provided by the pivot 65. The purpose of the angular

motion is to eliminate the evenness of the tops and bottoms of the small circle

or skew the small circles defined by the shake movement, so that the edges of

[N870/8ST~113] -11-
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34. Anend‘effector including a nozzle having one or nore outputs as

“claimed in claim33 wherein said drive pulley is ecgentrically nounted
relative to said driven pulley to cause said belt to be vary the |evel of
. force between said drive pulley and said driven pulley so as to cause said
housing to oscillate 15 about said pivot. 35.An end effector including a
nozzl e having one or nore outputs as [N870/ ST-113] RUG 07 2002 17 39 FR
P&-J LEGRL 860 565 9276 TO 80116565330694 P. 3035 clainmed in_claim34

i ncl udi ng a handii‘ﬁ/r?ééle Xosmeaedas the pattem isdraasizied 2ciase the surfee Beibg end of
said housing for rotating said tube when said notor is inoperative
condition. 36. AreataddWithbetahepivotréSiwetiangfound tharihe ebenedggs of wperfecttyr e
outputs as 5 clainmed in claim 34 wherein said rotating tube includes a

fllange ext endi nocifcilaPPatieRfdals Gk sHppEEhffacdN the gjbsﬁate&albd o&ruRrleadd t hrust
bearings nounted in said increased dianeter to bear against said flange to

absorb the thr“?&dn@ﬁr@ﬁnhﬁ'@xﬂﬁ&ﬂn&%the'&%v&l Alhie§ 38 w3y 481 deBARAhe YAViRE - 10

[ N870/ ST- 113]

. A . AUL. AU. Ah_ A AL ALA{L A Ah. A A Ah. Ah. A A Al AhAAAUAhWM
A . AU 154KL' BA i, %nes{wteeth The motor or driving g.]xlleygzy ‘bored slightly off ) }ﬁf‘,

~ytoj e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cTa] ca] ca] ca] ca] ca] ca] cal c caj
ca] cal] ca] ca] calfenter]soafhaiTs] eacinjurnof tiR] motor the toot@ b¥lt pulls the pivotedggy yo /24/ A6
=r 7#t KT| wr mhc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]

ca@]z gﬁ}‘ ([:)a} ]:\?v]r (riﬁ!: XU cijﬁ%:ﬁ% g’]%]ép?%f@éfﬂ f ?Zaf]gdégf T% ngleg] ove]s g\g]a% aJcalcalc

ajcalcalcalcalc c cal 73x

! ‘]7l I % VI ]hl ! % G] a{;&@\}éﬁ‘%?ﬂ t&&}’%@} ‘}’83% ']‘%%ﬂ‘é%ﬂj‘@]"é‘w‘&é’? 8] cal ca] ca
] ca] ca] ca] ca] ca] ca ‘]lca] cal.cal ca]ca] ca ca%jca] cajcalcal\" " =H#_#H#

$P$$S: VBMR] & &d&mRye the piyoled housing 12(ynforspd) ity ) nodping] eratgekiag daefiam] ca ca] ca
] caU] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca
1 (>))) (*26** 7+++Because Bf thebdifferences .ilbthe Alimbed VF et the! drivieXdnd]dvivera] cal ca]
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] ca] ca] ca] ca] ca] ca] caJ ca] ca] ca] ca

]</(E 3{ \(/:v;i ]rrﬁgl\ Cnalc]F)]l}éﬂ'];&gfc%gﬁ# %g’]ag% f%%??‘g?ﬁﬁic aﬁj &l s o t a:ccéréa)f ca] ca] ca]
B0 CoeabbDD-yt of PR RS AL it of il e eai eaﬁeegicc%qsi%r A eal cal o

P T Ran Sk repbate il (ehhf Slafcad 2 shgudr motlon sopear to berandotn, | | o
K\ KKK?LL{ vql gb ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca]ca]calc
a] ca] ca] f:a]ch] 1:?;] 1:!31] c']ﬂlc!al’]ocl]al]lg!aqz:lls] mlibb;uhﬂt]ealwdm&a}]ﬁh‘ik P]EPP]P@]QQ
QQ R] RRRBSSSTCT| wr nhc’\Y] ] 11 ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

&dend : X
;?(]Y(é?l%%%;]zg[agl[lﬁ[ [T\ \}xsnlgg %ﬂ 11 cg]rgﬁhﬁa]ng‘g]igg cal ca] cg%Jc ] ca] ca] ca] cg

L SChaat bab gsi%ﬂ#@&bg@%@&%ﬁ%w% iR P BEC RS LB R L ooy car

ca] ca] ca] ca] ca] ca] E‘E] cal ca] calca ca]rh‘a] cal ca] ca] ca] ca].ca] ca] ca] ca] ca! ef f gdg
gg: hhhiciii-j~jj§ne P the rqtat s sensor is optional and does not constitute

nXnnnn} xsni d_Z]]]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ag]mtaf&éﬂ insdmidhcal ca] ca] ca! nn4oBoFol oNoo%uppqgcqgqqBrrr/ szss
sst Uttt uJuuu$vrvv~ytoje [V]]ca] ca] ca] ca] cal ca] ca] cal ca] ca] cal] ca]ca] ca]ca]c

aJcal ca]ca]calca]ca]c ] XXX
yWyyzRzzz{ {{| T|[|]]| g ?}lfﬁb_@ﬁkfﬁkﬁﬁld]% U{ Cai Cai Ca| cajca]ca]c

a)J cal ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]cal ca] ca] ca] cal ca] ca] ca] ca] ca! ~~~~f X
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linearly translated across a flat surface. The pattern developed by this
invention are small circles but with edges that are skewed. The smearing of

the edges of a mostly circular pattern prevents the edges from becoming

overworked.

5 Obviously, this mechanism described in the above paragraphs can be
simply modified to include additives or abrasives to the water or could
substitute other fluid mediums, Moreover, it is contemplated by the scope of
this invention that the mechanism can be employed for peening or surface
hardening or other purposes and could use other mediums for “working” the

10 surface, such as laser, white light and the like,
Although this invention has been shown and described with respect to
detailed embodiments thereof; it will be appreciated and understood by those
skilled in the art that various changes in form and detail thereof may be made

without departing from the spirit and scope of the claimed invention.

15 It is claimed:
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1. Mechanism that maneuvers one or more high energy density
outputs for working the surface of a substrate including a housing, said
housing producing a shaking motion to said one or more small high energy

S density outputs so as to be linear in one or more directions to allow any
combinzation of two dimensional motions of said one or more small high
energy density outputs including straight lines, circles or any Lissajous figure

pattern.

2. Mechanism that maneuvers one or more high energy density

10 outputs for working the surface of a substrate as claimed in claim 1 wherein
said shaking motion allows the combination of two dimensional motions of

said high energy density outputs is a circle and said mechanism further

maneuvers said small high energy density output to skew said circle.

3. Mechanism that maneuvers one or more high energy density
15 outputs for working the surface of a substrate as claimed in claim 1 wherein

the output is a waterjet.

(N870/ST-113) -14-
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4. Mechanism that maneuvers one or more high energy density
outputs for working the surface of a substrate including a housing having a
bore, a rotating tube mounted in said bore around a fixed axial axis, a fixed
5 hollow tube mounted in said rotating tube about 2 different axial axis, drive
mechanism to rotate the rotating tube at a given rotational speed so as to
shake the fixed hollow tube at a given shake pattern, an energy receiving
device having said one or more output devices mounted on said fixed hollow
tube whereby said energy receiving device is imparted a shaking motion and
10 said energy receiving device discharging the energy to a target for working the

surface of the substrate.

5. Mechanism that maneuvers one or more high energy density

outputs for working the surface of a substrate as claimed in claim 4 including

a pivot, said mechanism mounted on said pivot so as to pivot the fixed hollow

15 tube and the rotating tube in an oscillating movement at predetermined

periods of time so as to impart an angular movement thereto so as skew the

shake pattem.
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outputs for working the surface of a substrate as claimed in claim 5 wherein

said housing includes a fore end and an aft end, said rotating tube extending

beyond said fore end, a pulley or gear mounted on said fore end and being

5 affixed to said rotating tube, a driving mechanism including an
interconnection for driving said driving mechanism and said rotating tube, and

bearing in said bore supporting said rotating tube.

7. Mechanism that maneuvers one or more high energy density

outputs for working the surface of a substrate as claimed in claim 6 wherein

10 said rotating tube includes a flange portion intermediate the ends thereof and
extending in an enlarged diameter of said bore, thrust bearings supporting said

flange to absorb the thrust loads imparted to said rotating tube,

8. Mechanism that maneuvers one or more high energy density

outputs for working the surface of a substrate as claimed in claim 7 wherein

15 said fixed tube extends beyond said rotating tube, a coller affixed to said fixed
tube mounted adjacent to said rotating tube and a thrust washer surrounding

said fixed tube and being mounted between said collar and said rotating tube

[N870/ST-113] -16 -
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9. Mechanism that maneuvers one or more high energy density
outputs for working the surface of a substrate as claimed in claim 8 including
a bottom plate, a trunnion support member sandwiching said housing and
defining said pivot, said pivot connecting said housing to said bottom plate,
opposing bumpers mounted on said bottom plate and located so that said
housing abuts opposing bumpers as said housing oscillates about said pivot

when said pulley or gear is being rotated.

10. Mechanism that maneuvers one or more high energy density
outputs for working the surface of a substrate as claimed in claim 9 wherein
said driving mechanism includes a second pulley or gear eccentrically
mounted relative to said pulley and a belt made from a resilient material
interconnecting said second pulley or gear and said pulley or gear to cause

said housing to oscillate about said pivot.

11. Mechanism that maneuvers one or more high energy density

[N870/ST=113] -17-
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said rotating tube extends beyond said aft portion of said housing, a hand

>2+7, ?-
wheel affixed to said rotating tube at the juncture where said rotating tube

extends beyond said aft portion so as to manually rotate said rotating tube.

12. A waterjet oscillating mechanism for producing an ultra high

energy stream of water aimed at a target intended to be treated comprising a

housing, a fixed tube extending through a through bore in said housing and

having one end connected to a source of an ultra high energy water and the

10 opposite end communicating with an output and being disposed along a
central axis, a rotating tube surrounding said fixed tube disposed in said bore

and disposed along a different but paralle] axis, bearings means for supporting

said f;xed tube inside said rotating tube and supporting said rotating tube in

said bore and said rotating tube being rotatable relative to said housing and

15 said fixed tube, and means for imparting rotary motion to said rotating tube
and means for directing ultra high energy stream of water from said source,

though said fixed tube, through said output in 2 predefined pattern to the

target for stripping material from a substrate.
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10m@10%m& () - gF;n%g/é‘trr&eam of water aimed at a target intended to be treated as claimed in
claim 12 including & bottom plate being attached to said housing by a pivot
for pivotally supporting said housing, diametrically opposed bumpers
5 mounted on said bottom plate, said housing being oscillated about said pivot

to alternately bump up against said diametrically opposed bumpers to change

the pattern of said ultra high energy stream of water.

14. A waterjet oscillating mechanism for producing an ultra high )
energy stream of water aimed at a target intended to be treated as claimed in
10 claim 13 wherein said rotating tube extends beyond the fore end of said
housing and said fixed tube extends beyond said rotating tube at the juncture
where said rotating tube extends beyond said fore end, a collar affixed to said

fixed tube for affixing said rotating tube in said bore of said housing.

15. A waterjet oscillating mechanism for producing an ultra high
15 energy stream of water aimed at a target intended to be treated as claimed in
claim 14 wherein said bearing means supporting said fixed tube inside said

rotating tube is journal bearings and for supporting said rotating tube to be

[N870/ST=113] -19-
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16. A waterjet oscillating mechanism for producing an ultra high
energy stream of water aimed at a target intended to be treated as claimed in
claim 15 wherein said fixed tube and said hollow tube extend beyond the aft

5 end of said housing, and thrust washer disposed on said fixed tube adjacent

to the ends of said rotating tube for supporting said rotating tube.

17. A waterjet oscillating mechanism for producing an ultra high
energy stream of water aimed at a target intended to be treated as claimed in
claim 16 wherein said means for imparting rotary motion includes a drive

10 pulley and a driven pulley, said driven pulley being affixed to said rotating
tube and said drive pulley being driven by a motor and a drive belt

interconnecting said drive pulley and said driven pulley..

18. A waterjet oscillating mechanism for producing an ultra high
energy stream of water aimed at a target intended to be treated as claimed in
15 claim 17 wherein said drive pulley is eccentrically mounted relative to said

driven pulley to cause said belt to be vary the level of force between said drive

(N870/5T=113] -20-
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pulley and said driven pulley so as to cause said housing to oscillate about said

pivot.

19. A waterjet oscillating mechanism for producing an ultra high
energy stream of water aimed at a target intended to be treated as claimed in
5 claim 18 including a hand wheel connected to said rotating tube at the aft end

of said housing for rotating said tube when said motor is inoperative

condition.

20. A waterjet oscillating mechanism for producing an ultra high

energy stream of water aimed at a target intended to be treated as claimed in

10 claim 19 wherein said rotating tube includes a flange extending in an increased
diameter portion of said bore and thrust bearings mounted in said increased

diameter to bear against said flange to absorb the thrust loads imposed by the

high energy stream of water.

21. A waterjet oscillating mechanism for producing an ultra high
15 energy stream of water aimed at a target intended to be treated comprising a

housing, a fixed tube extending through a through bore in said housing and
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opposite end communicating with an output and being disposed along a
central axis, a rotating tube surrounding said fixed tube disposed in said bore
and disposed along a different but parallel axis, bearings for supporting said

5 fixed tube inside said rotating tube and supporting said rotating tube in said
bore and said rotating tube being rotatable relative to said housing and said
fixed tube, and means for imparting rotary motion to said rotating tube and
means for directing ultra high energy stream of water from said source,
though said fixed tube, through said output in a predefined pattern to the )

10 target for stripping material from a substrate, a bottom plate being attached
to said housing by a pivot for pivotally supporting said housing, diametrically
opposed bumpers mounted on said bottom plate, said housing being oscillated
about said pivot to alternately bump up against said diametrically opposed

bumpers to change the pattern of said ultra high energy stream of water.

15 22. A waterjet oscillating mechanism for producing an ultra high
energy stream of water aimed at a target intended to be treated as claimed in
claim 21 wherein said rotating tube extends beyond the fore end of said

housing and said fixed tube extends beyond said rotating tube at the juncture

[N870/8ST-113] -22.
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fixed tube for affixing said rotating tube in said bore of said housing.

23. A waterjet oscillating mechanism for producing an ultra high

energy stream of water aimed at a target intended to be treated as claimed in

5 claim 22 wherein said bearing means supporting said fixed tube inside said
rotating tube is journal bearings and for supporting said rotating tube to be

rotatable relative to said fixed tube and said housing is needle bearings.

24, A waterjet oscillating mechanism for producing an ultra high

energy stream of water aimed at a target intended to be treated as claimed in

10 claim 23 wherein said fixed tube and said hollow tube extend beyond the aft
end of said housing, and thrust washer disposed on said fixed tube adjacent

to the ends of said rotating tube for supporting said rotating tube.

25. A waterjet oscillating mechanism for producing an ultra high
energy stream of water aimed at a target intended to be treated as claimed in
15 claim 24 wherein said means for imparting rotary motion includes a drive

pulley and a driven pulley, said driven pulley being affixed to said rotating

[N870/S5T-113] «23 -
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tube and said drive pulley being driven by a motor and a drive belt

interconnecting said drive pulley and said driven pulley..

26. A waterjet oscillating mechanism for producing an ultra high
energy stream of water aimed at a target intended to be treated as claimed in
claim 25 wherein said drive pulley is eccentrically mounted relative to said
driven pulley to cause said belt to be vary the level of force between said drive

pulley and said driven pulley so as to cause said housing to oscillate about said

pivot.

27. A waterjet oscillating mechanism for producing an ultra high
energy stream of water aimed at a target intended to be treated as claimed in
claim 26 including 2 hand wheel connected to said rotating tube at the aft end

of said housing for rotating said tube when said motor is inoperative

condition.

28. A waterjet oscillating mechanism for producing an ultra high
energy stream of water aimed at a target intended to be treated as claimed in

claim 27 wherein said rotating tube includes a flange extending in an increased

[N870/ST-113) -24.
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diameter to bear against said flange to absorb the thrust loads imposed by the

high energy stream of water.

29. An end effector including an output manifold having one or more

5 outputs, waterjet oscillating mechanism for producing an ultra high energy
stream of water aimed at a target intended to be trested comprising a housing

through said one or more outlets, a fixed tube extending through a through

bore in said housing and having one end connected to a source of an ultra high

energy water and the opposite end communicating with said output manifold

10 and being disposed along a central axis, a rotating tube surrounding said fixed
tube disposed in said bore and disposed along = different but parallel axis,

bearing means for supporting said fixed tube inside said rotating tube and

supporting said rotating tube in said bore and said rotating tube being

rotateble relative to said housing and said fixed tube, and means for imparting

15 rotary motion to said rotating tube and means for directing ultra high energy
stream of water from said source, though said fixed tube, through said output

manifold and through one or more outputs in a predefined pattern to the

target for stripping material from g substrate, a bottom plate being attached
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opposed bumpers mounted on said bottom plate, said housing being oscillated
about said pivot to alternately bump up against said diametrically opposed
bumpers to change the pattern of said ultra high energy stream of water

5 discharging from said output manifold.

30. An end effector including a nozzle having one or more outputs as
claimed in claim 29 wherein said rotating tube extends beyond the fore end
of said housing and said fixed tube extends beyond said rotating tube at the
juncture where said rotating tube extends beyond said fore end, a collar

10 affixed to said fixed tube for affixing said rotating tube in said bore of said

housing.

31. An end effector including a nozzle having one or more outputs as
claimed in claim 30 wherein said bearing means supporting said fixed tube
inside said rotating tube is journal bearings and for supporting said rotating

15 tube to be rotatable relative to said fixed tube and said housing is needle

bearings.
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claimed in claim 31 wherein said fixed tube and said hollow tube extend
beyond the aft end of said housing, and thrust washer disposed on said fixed
tube adjacent to the ends of said rotating tube for supporting said rotating

5 tube.

33. An end effector including a nozzle having one or more outputs as
claimed in claim 32 wherein said means for imparting rotary motion includes
a drive pulley and & driven pulley, said driven pulley being affixed to said
rotating tube and said drive pulley being driven by a motor and a drive belt

10 interconnecting said drive pulley and said driven pulley..

34. Anend effector including & nozzle having one or more outputs as
claimed in claim 33 wherein said drive pulley is eccentrically mounted relative
to said driven pulley to cause said belt to be vary the level of force between
said drive pulley and said driven pulley so as to cause said housing to oscillate

15 about said pivot.

35.An end effector including a nozzle having one or more outputs as

[NB870/S8T=-113] -27 -



: .38/

10087 &7(3%5 167 St F¥bz; P r10vd& - 02100 & () - B10%[& ()- Y
S 10% & ()- L, 310%4 & ()- F10%| & ()-KdE:/ 104 104S310%& ()- /GLO%| & () -
L + 10% & ()- (410%4 & ()- & 10%4| & ()- s$ 10%4H & ()- =uVv7/ 104
- 410% & ()- @10% & ()- Z10% & ()- -10% & ()- GlOY%| & ()-
10°$1098| 8| & ()- 104&RUhuV7/ 104 410%| & ()- @ 10%4| & ()- ZS310%4| & ()-LY"
10%| & ()- Y109%| & ()- 10%tg& ()- Normal" "Heading 13]c" "Heading 23]c"
"Headi ng 33]c" " ' o Headi 3] c, " Headi 63]¢c". " ding 73] c"
Headi ng 53] o~ PR R Sincldi5s Rehd VoL sontpieq et dofating 5 e
]I [ $h* 60! 6- <AFBINShX] bgM rw{ h \" (P1*<DLCT\ env~hdef ghi j kl mopqrstuAl t9
Mk{ ! G' =#$d& ) 7+- thestft @adpofotaid @m@r_rmwdgsngwM[ moterdisgi j | ;
nNocq/ st $vwy{| ~f 8hvwxyz{| } ~6Ti mes New RonmanAri al Couri er New'h Root
Ent r yWor dDoc unenineperative:gsdition: +, - . / 0123456789 ;
<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kl mopqr st uvwxyz{| } ~

36. An end effector including a nozzle having one or more outputs as

5 claimed in claim 34 wherein said rotating tube includes a flange extending in
an increased diameter portion of said bore and thrust bearings mounted in said

increased diameter to bear against said flange to absorb the thrust loads

imposed by the high energy stream of water.
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