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This inv i directed to a powered tool for abrading

pol i shi ng\?b O%?dhsl like. 2. Description of the Related Artpﬁl%s{gz?dé’@ﬂss of
finishing surfaces typlcally requi res nunmerous abrading steps consisting of
a first step to roughly grind the surface to an approxi mation of the
desired surface, an internedi at \m mmmgot hing this surface to a
near-finished quality, and a fi mmmmm m olishing the surface to a high
degree of smoothness. Typically, thgsafasion is provided by a hard, gritty
material, which is noved across the surface to be finished. Gi ndstones and
" sandpaper are common examph®s-okpltaEehOkirtd YorRiwr F@deresed as grinding
medi a. These grinding nmedia are nmounted to the sanding head of a powered
tool. The sandi ng heads are driven by a power source that noves the
abrading material in a rect BACKEGROUDID OR, THE SNWBENEIORI N notion, or a nore
conpl ex randomorbit notion. Spin notion renoves material fast but |eaves a
surface with swirl marks. Randomorbit notion is slow to renove nateri al

but | eaves alsurf Higld of bwentfonswi r1 marks. An exanple of an electrically
powered spin abrasion tool is U S Patent 5,690,545 to dowers et al.

Al though the transm ssion of the power to the sanding head is by neans of a
flexible shaft thdhifoPesRbqR indirackd te amaivstddeohler @Jl&geg,@uﬁmghp@mamgal and
on-axi s W thotfe lgte] ve shaft. Randomorbit tools differ fromspin tools in
that the novenent of the sanding plate is eccentric, or off axis, to the
drive shaft. There are known conbi nation tools, which have neans for
optional | y pRovi dDescrgitiohef tisRelated Arpndom orbit motions. U. S. Patent
4,744,177 to Braun et al. is an exanple of a conbination tool. This patent
di scl oses an abrading tool with two eccentricities about the armature
shaft. It al so hadhewocesmidnsshinigryriaedsghpisallyeiuiresamtmomisiabedding pesi t i on

t hensel ves a i i
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in finishing thosghg’r)rlétagerll('ii%tV&(foﬁl 3o l}m@ lflc %Vr%l}%%at“sg‘?f ‘%& Y BRI EF

. DESCRI PTI ON pRVidigs SHsNes: Firgomtorbi Imthnlsl Us Br Baterord, 4, 17 rtaﬁuain @rm

poli sher usi pgidexarpH (5]91(!?)%’1911&?{01139 ol h%lﬂ%?%?ﬁ%clogééeaﬂtdbﬁa é&)é&w?{h' s an

illustration of the upper collar an 1on of the
| ower col | ar thercanigisities ppput 4hg aymgppre ﬁhlaf%tlﬁ alse bes B0 ompentigE Avgighéad

configured i Whidhi dutdiRatRally bbzitién th‘ém@élvéd d0s%t haleb@AtrR heh BeanHgnpohead

R

*G00002*




FIG 6 is an illustration of the sanding head configured in spin node with
the | ock-up pin coupling the sanding plate. 2 WO 02/ Y(8161 PCT/ US02/ 06071
FIG 7 is tration of the sanding head configured i r bi t
node vuthwt%rt})e”k&lqﬁ up pin uncoupled fromthe sanding pl at QET@E’%%HE%
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS S As shown in FIG 1, the

conbi nati on Sﬁ H head ’é‘)‘ijhe% of the present invention is shown as part of
a systemto fPRIEFEHoN TR ME %31{11%1@7mrﬂ$t‘ﬂ3%}@hu‘f% W onBrisat §.047.8¢h@i ng head
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particular u ces, nade o stone- | i ke
mat eri al . Thzghv%/%l% W%laféca(li%%éljus e%'f‘nde?]&“%@’(‘fgﬁli ﬁ%}ltsdt‘}ﬁbﬁpg%rs ol t hat
“are | ocated wiehiimely Sspllasahdlggla}atb c(ffﬁ/)s or fixdnalien. B )sizZeslops avtileleditsif t he
bot t om of 5t hg, SHAQS HQMﬁécqlné ﬁf lglﬁgtsﬂee@sr"cyf a%&% sgtg% @frh%lte S5 S{aaéeugmacf] %lt he

finishing operati on ]mg anc ui tabl e
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Conbi nati on sandi n }%cd]ég H% is mounted to the § po i’shi ng
machi ne (105)51’“’;&“8 \MEG] ém@%%&af@gel&ﬁta%e@?ér &9 C@m‘@éﬂ% he sanding
plate (34) over the surface of the workpiece (100). Sanding plate (34) is
nount ed qp t he out put shaft &M@m@ng head ( 11 ). 20
FIG 2 ilTustrates the upper a view of the

el evation and FIG 2b is a plan view. The upper collar consists of a shaft
attachnment portio terline (20)
S e P b0t 1 o %ﬁ%set)pﬁﬁ&t%é) Elgiegtch#i ab[fﬁy{lc;ﬂﬁ@ tlillgttzl)s c%]g;g);fei cl(ffﬁogne%l) of the
hub portion (c@pdigured éwmlb@rvsem@m-or(bmpom@ tatfinadriodid serfadeanateniads of t he shaft
attachment pogiticantie3Rd fdtaih elxﬁe@fvexemdlblb MoAS dshequiRaity Bl gﬁ&y}? nt

centerli ( d di st al n centerliné
t hr ough- Hgl ezla'%zfﬁ’ nll Lgesptr%:{/?%’tébf ?Q?%A@Eﬁﬁ%ﬁ@&f e dsgiked gffsst ‘I‘P‘% lSi@‘lf19f'fhfi’il G 3
illustrates tdoanﬂenwaghtc ah kpin n(cﬁS) the Ebl@ars 2@ rbtated s il cduh%l\%lgﬂt@bh@n and

FIG 3b t f b

attachmelntS g DO T e:{%)ﬁa\ﬂf %f% th ?‘é\{%}gﬁﬁ? haarg 1%1 gllb%fltsé}]%ﬁmf%ﬂﬁﬁw #}8%%' 2rline
(40) of the hdate lmpledgoahetca)d:lhlmemeQJSm)ml sainding s Ghisfallomstcoearse smidarg | ne (41
) of hub por t\blﬂ'ﬂmﬁlﬁg}al vmﬁﬁ fﬁﬁ){e{) 85%‘“699?510'39%1& ﬁ{cgt n&t‘;})lﬁpg [;e\ﬁ’e' ght (1

S) is attached to t earing attachme that is
di stal td0t ne®fesr F}}"i‘ghﬁt"Pﬂ%ﬂ%ﬁ‘@nght%@ﬁtabglllq 1q1wcs;deegfdhqﬁ>@s<pﬁwnn asl thhe hub

portion Ce{]t fofsb’d@ﬁl%é é’olﬂb111é<§|)_&$ﬁﬂle%9y6h}[it@rsic€jﬁlo@fﬁe a(xisS%THeStw@fc&ﬁﬁ'é%{e Amdebght to
upper counter S end on sandi ng_pressure,

spi ndl e speec?mglngthgléﬁ% ‘295"0 I Fa\ﬁ\ﬁé' lgﬁd%EFéHHE’F gﬁﬁéata@ﬁﬁpfﬁ’ééﬁm@m Upper
collar (50) atate bowsshaft eihilatheB&it isdrévendmaeotbétd! inytioh eMbuis ipprdvideds {22,

42) that all ' tive.r ion between
‘he two coll 4 % %e%mgjwaglqgél%%&(ﬁﬁg Fgﬁl t?%g)sgg(tﬁﬂhiéﬁlﬂgose I;nat%fa}l t?‘xar( 55) about
the hub Bér- theéﬁfét @ wed giindifhg cent erI ine (20) of the shaft attachment can
be positioned coaxial to the ball bearing centerline (40) to allow for spin
notion, or offset to allow {g : s ... The bearing, such as a
5 standard ShF' #5205 A- 2RSERIE HPTION QI LHEDRAWINGS bearing with
seal s on both sides, should be rugged enough to V\nthstand any harsh

envi ronnent expect onbl n on sandin ) of the
present invention g}mll %ﬂ‘é@‘stiaglronoéf‘ha &‘émp?ﬁéhﬁaPF% mg%gx}é%ﬁl t he
radi al asfh pdh¢pﬂ¢e¢11tﬁ11\te9tlomto 10 shaft attchment bore (26) on upper collar
(50) and is securggd he§5{gm ﬁtﬁ,elt&ﬁ{e p%gé@ﬂ Qucﬁay&?r eaded hole w ||

provi de a secure attachnent [S_ a& provided to couple the
sanding plate to d8@ arl%al(gblstrgglpof@mlpwgrgﬁhahamﬂ)mﬂ ock-up pin (51) runs
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a blindhol e ndi n p a er collar an
1 ~ lower collar (@ng F‘%ﬁﬂ-ﬁ 58 1??‘50?%1? H“&?)n pR- %i% Bosi tion

wher e sh&bt atnbckchnetn portl ons (23, 43) coi nci de and are coaxial. This

alignment will | pposi te of axis
(20) from upper count e?%ﬂﬁ?ﬁﬂz{@&oﬁ% d'%%?%fn TR g{uﬁg ﬁaﬂﬁt%%@ewghts on
ei ther side dhe thekaw pdmgpup (11251)6 sandipgmiatal bore (28) shoul d be provided

t hrough collars (50, 55), hub portions 20 (22, 42) and shafts (25, 47) to
allow a cutting fluid, such as water, to flow froma supply source to the
surface of sanding plate (34). The water2W| Il wash away grit as it is
generated in the finishing process as well as reduce heat produced by
friction. Oher cutting fluids are known but water is preferred for
environmental and then no dynam c reasons. Stone finishing creates a harsh
envi ronment and the



25 material of construction should be able to withstand it. Stainless steel
has been found suitable for all parts except sanding plate (34) which

beneflts el } r rotational inertia if nade from al um
Count er wel gh?)s ;,‘(N% 15) are preferably of stainless steel pl"’“I?(}Utsgzs/%to ‘at are

easily stacked to obtain the wei ght desi red 30 FIG 5, shows sandi ng head
(11) configured f&r ndoglﬁ}orbl 1 tion. E)er collar (50) and | ower collar
(55) have been rotafed! Pstkﬂ%ngﬁae S@rﬂ‘{hing garhgqniigaieddn randemcadit i s of f set
f rom bear i ng neeletveirh ihaéodk4®) pinCaoeupléehbmthe sidmgwlatk. bring both count er
weights ( 10, 15) to a position proximal to drive shaft centerline (20) and
distal to bearing centerline (40). This position distal to bearing

" centerline (40) BETANWAD DESCRARE QN ©FCHHR PREMHRRHER EMBODIRENES] gener at ed
by the frgctional forces generated while finishing. Lock-up pin (51 ) is

held in a blindhole (57) .in_ lower collar (55). This will mechanically
coupl e the collar ﬁ%ﬁi@?wﬁdéglﬁo}c teepaafinglipndianding head (11) of the peestts 1
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head (11) is (gHiidsbuatedenshe hepuinbeft (él)rdf&ombuiatmmsdumﬁmlmeaﬁ (1D0) by use of

gui dance handle ( 13 5). Material can be renoved from workpi ece ( 100) at a
rapid r ate using spin node. This renoves hi ghspots from wor kpi ece (100)

and an o¥@ral | nﬁé&hzalﬁlfhﬁ@&él}e unper edlar (30)oblGi Jads aivievaef e plegitéant  manner .
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fromthe workpi ece at a sl ow rate whil e sandi ng (11 ) is set in
randomorbit nmode. A final polishing is achieved by raising the sanding

ﬂ' 55 pl 3(:. ng a #m&ammm%ma()%rﬁpqungﬁ. 3ah§ad'[ei)¢<ofﬂh@\8@l’vhtﬁk§hdt heTh
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random or bi t RSk BBPEIUP K@), ﬁéwlﬁ@\‘i\@rgﬁ ﬂﬁlm%he%@ﬁb? $id¢ pfthe bearing a first
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35  weight to upper counterweight (10). The weights depend on the sanding pressure,

spindle speed and sanding grit used and are determined empirically. Upper collar
(50) and lower collar (55) are connected by the hub portions (22, 42) that allow



15 (d) neans to selectively couple said collars to said sanding plate. 3. A
combi nati on sandi ng head sel ectively capable of spin or randomorbit notion

with an i~ g{ bl e motor conprising: (a) an upper coll ing; 20
(1) a shz}?? a)tégsra{c ment with a first centerline; (ii) aflragﬁlg'g%jatachmsnt

with a second centerline offset fromsaid first centerline by a distance h;
and (iii) a fir n | ower co]lar conprising; 25 (i)
second hub at‘F]ﬁﬁYﬁvﬁﬁ lqlﬁj:(ﬁ‘ﬁege%é ¢ é’)’% W%@é%t%?f fotge waeicollap G0 and lower
rotational | y colan@6) sisbut meslaubqaofﬂcmt(zz]ulg) ﬂﬁatca@tbfml@t(lO)(dfltﬁe ¢haltear i ng o
attachnment wi Nt sryine om.sa i.ne by
sai d di st anceatni%d%mIl %%I'tl BE}S 1Hgied CH%IXI é\t}\}el?eéﬂ?g C%GIF83 Pﬁgg%ﬂgq%&lpl ate
 rotational | y sporinedem@r o @éﬂ) dll(h)@£m11algim-bdnthM11 (H)e twapng, seeh eci i vel y
capabl e ok C%%hhﬂ%léﬁ#?‘z@A'ﬂsﬁ/éSDw‘ﬁ 1%%389619%\7\1 bm ﬁéa?l ng‘lmtli{%%lsé)g conduct

conbi nati on sandi.ng he claim3
a cutting fl Jogh %11%%&@\1 %hfr' BEspheRoughdo w@h@tancb@m lmssh elwapamhmmpsqe@ shaft,
and said bearing to said sanding plate. . AsN. A AN. A; 7SViy; 9

kf a\ Ra
chal ona] cal oal on] NG Eapins e pbbEaaa %3 %wélea& fﬁ]o%“l rodeafinvéton - o) ¢4
%W & )))), SA3RBNBLIRB KRZPRANAdE. OTIk FHifleshhft @@@fﬁ&]lﬁ(}i\la]] o] sflhaaid aapcal cal ca
| ca] cal cqhcal ik GRlEGPhGRIEEHUpDE] Gthr 0§ BRIl BhRR CR b &ew O+ 45VS
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e
1090°& ()-fy: p1n 5 2[1‘31@ throl]g tlg;gtrghho es i both upper and lower collars (50, 53 and
rests in a blindhole (58) in sanding plate (34). FIG. 4 shows upper collar (50) and
15 lower collar (55) rotated about hub portions (22, 42) to a position where shaft
attachment portions (23, 43) coincide and are coaxial. This alignment will place
lower counterweight (15) on the opposite side of axis (20) from upper
counterweight (10), thus balancing the counterweights on either side of drive shaft
(25). A central bore (28) should be provided through collars (50, 55), hub portions
20 (22, 42) and shafts (25, 47) to allow a cutting fluid, such as water, to flow from a
supply source to the surface of sanding plate (34). The water will wash away grit
as it is generated in the finishing process as well as reduce heat produced by
friction. Other cutting fluids are known but water is preferred for environmental
and thermodynamic reasons. Stone finishing creates a harsh environment and the
25  material of construction should be able to withstand it. Stainless steel has been
found suitable for all parts except sanding plate (34) which benefits from lower
rotational inertia if made from aluminum. Counterweights (10, 15) are preferably
of stainless steel plates that are easily stacked to obtain the weight desired.

30 FIG 5. shows sanding head (11) configured for random-orbit motion.
Upper collar (50) and lower collar (55) have been rotated about hub (52) until shaft
centerline (20) is offset from bearing centerline (40). Concurrently, this will bring
both counterweights (10, 15) to a position proximal to drive shaft centerline (20)
and distal to bearing centerline (40). This position distal to bearing centerline (40)

35  will balance the counterweights and the load generated by the frictional forces
generated while finishing. Lock-up pin (51) is held in a blindhole (57) in lower
collar (55). This will mechanically couple the collars but does not engage sanding
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10TYL0% & ()- mlO0% & ()-L:!'210% ()-mO% & ()-@10% & ()-10% & () -
. }"?PE: | & S100E & ()-"GLO% & ()-, 1109 ()- '\ ! 10%( <( &pfds
1\ 1 109%<@ '("Zé"?"{é‘fo% & ()- af~\=PE:1 1710% & ()-1y2" v/ Ftyié%/’a'?(s‘{?(%"%‘) iy
y/ FOL0%s& ()- p y/ FYAOWPP& ()- .10% & ()-, Y+10% & ()-ebCl 1109 () -
109&' ()-!2109&, ()-,,10(,10( 10(LL<10% & ()- 910% & -H 9bCl IS 11Q%& ()-!N
1 109 ()-!S Pi‘”’%@%é%-( %19}@(‘%1’1’63/%&“%1- 1e§9@§/@1€ sandigplafp (p4).to t%’%éi&ﬁ%ﬁé
10s” <s10%&' ( )dutiyg randd@4@bit)mode it leads to objectionable vibrations. FIG. 6 and FIG. 7
better depict the use of lock-up pin (51). FIG. 6 illustrates lock-up pin (51)
coupling both collars (50,55) and sanding plate (34). FIG. 7 illustrates lock-up pin
5  (51) coupling both collars (50, 51) but held in lower collar blindhole (57) and not
coupled to sanding plate (34). Uncoupling sanding plate (34) during random-orbit
operation is found to give superior performance over coupling.

In typical operation, a workpiece (100) to be finished is placed atop

10  telescoping supports (90), which are adjusted to a comfortable working position. A
40-micron diamond sanding disk is affixed to sanding plate (34). Lock-up pin (51)
is removed and, using counterweights (10) and (15) as handles and indicators, the
collars are rotated to positions where upper counterweight (10) is opposite to lower
counterweight (15). Lock-up pin (51) is placed in throughholes (24) and sanding

15  plate blindhole (58). This will set sanding head (11) for spin mode. Motor (130) is
turned on and sanding head (11) is guided across the upper surface of workpiece
(100) by use of guidance handle (135). Material can be removed from workpiece
(100) at a rapid rate using spin mode. This removes highspots from workpiece
(100) and an overall smooth and level surface is obtained in an efficient manner.

20 The determination of when the workpiece has attained a sufficiently smooth and
level surface can be done by instrument such as a straightedge or by operator
discretion. Having obtained a sufficiently smooth and level surface, sanding head
(11) can be set for random-orbit mode by raising lockup pin (51) and rotating the
collars until counterweights (10) and (15) are inline on the same side of drive shaft

25  (25) and placing the lockup pin in lower collar blindhole (57). Sanding head (11)
is again guided across the surface of workpiece (100). Material will be removed
from the workpiece at a slow rate while sanding head (11) is set in random-orbit
mode. A final polishing is achieved by raising the sanding disk, placing a #7447
Scothbrite® pad under the disk, lowering the head, and turning on motor (130)

30  while still in random-orbit mode. The workpiece (100) will be polished to a
reflective surface, free from swirl marks.
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() afirst colla1 w1th a first offset; an

(b) asecond collar with a second offset, said second collar
rotationally connected to said first collar to allow canceling or adding said offsets;
and

(¢) asanding plate; and

15 (d) means to selectively couple said collars to said sanding plate.

3. A combination sanding head selectively capable of spin or random-orbit
motion with a non-reversible motor comprising:
(a) an upper collar comprising;
20 (i) ashaft attachment with a first centerline;
(ii) afirst hub attachment with a second centerline offset from
said first centerline by a distance x; and
(ii1) a first counterweight
(b) alower collar comprising;
25 (1) asecond hub attachment having a third centerline, said
second hub rotationally connected to said first hub attachment;
(i) a bearing attachment with a fourth centerline offset from
said third centerline by said distance x; and
(iii) asecond counterweight;
30 (¢) asanding plate rotationally connected to said bearing attachment;
(d) apin selectively capable of coupling said collars to said sanding
plate.

4.  The combination sanding head of claim 3, further comprising means to
35  conduct a cutting fluid through said upper and lower collars, said hub, said shaft,
and said bearing to said sanding plate.



