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DISCLOSURE OF INVENTION
Among the objects of the invention is to simplify the configuration
25 of wearing parts of a small high pressure spray nozzle to reduce the
number and cost and facilitate economical manufacture and replacement of
the wearable parts.
Another object of the invention is to help achieve a small durable
light weight elongated and small diameter rotating high pressure spray
30 nozzle assembly which can be conveniently carried on the end of a spray
lance and readily inserted into small diameter tubes and the like to

clean the same as well as being usable on other structures or large flat
areas.

Another object of the invention is to provide a nozzle with a speed

35 retarding mechanism having a first relatively low friction generation

mechanism reacting to nozzle speed control which directly interacts with

a higher friction generating mechanism also under nozzle speed control to
achieve a desired retarding of nozzle speed.

Another object of the invention is to provide a durable rotation
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improved speed control mechanism for a rotating nozzle member and a

20 rotating nozzle bearing assembly.

Another object of the invention is to limit temperature rise in heat
generating components of elongated small diameter high pressure water
spray nozzle assemblies.

A further object of the invention 1is to provide an improved

25 rotatable nozzle assembly wherein removal of all principal parts of
rotary nozzle support bearings and rotary nozzle speed control mechanisms
from a common sealed chamber therefor is achieved through one end of a
housing body containing a rotatable nozzle.

Another object of the invention is to provide improved means for

30 replenishing or replacing lubricating liquid of stable viscosity into a
sealed chamber enclosing a speed control mechanism by merely temporarily
removing a plug for a fill opening into the chamber and pumping new
1iquid into the chamber.

Another object of the invention is to achieve a significant amount

35 of retarding force on a rotary nozzle of a spray nozzle assembly by
viscous shear in a speed control mechanism having friction generating
speed retarding parts immersed in the liquid.

The high pressure nozzle of this invention is intended for use in a
High Pressure (HP) range of approximately 3447 to 20685 newton/sq cm.

40 (5,000 to 30,000 psi). Thus the seal between a relatively stationary

2



froma comon seal ed chanber therefor is achieved through one end of a

housi ng body w@voasfiing a rotatable nozzle. Anot her olpicarisesfisiobe
invention is to provide inproved neans for 30 replenishing or replacing
lubricating liquid of stable viscosity into a seal ed chanber encl osing
a speed CONtrola)TRE NN SHDYnASF e i RAERdrdY of a rbBARYIdizFe Phitd GWEL 2
fill opening Into, the

% 43 (F)H new liquid into the cha
Anot her obj ectonépin H’éyl R ﬁF?‘brPrF% wg ierheeytedy sfgniy S8 ‘?ﬁtegnﬁﬁ?ﬁﬁu@i tB?
retardi ng fortewonate raptiathe neieAtatoddn abfsph@ynolz@teldasalsaegarbtypsbprovude the

Speed 1 et ar di HEChLA SO haPaLbbtR Tk PralGr o Mitha Rdz21 b ihel AL Fepns
nozzl e of % hiwtiilizingt i ioitetre latedntrddticor geserating SPeedHurgrﬁaM@ssmceha(nHm\s

range of apprﬁ@ﬁk@édelm 3a44ﬂ1ghot@%@tﬂ%v‘ﬁr‘éﬂfﬁqnﬁmuﬁqcat{r@ Q9Quf IUcHO8s

pSI ) - Thusvéshe Stg%Sltlransmsswn r?lluaitdl v coXﬁnegt ' 4 Vsealed protected speed

PCT1U89911639®ntrol chapkert tvolpdteverdndvetrspeedingt i hbe i speed ead hef saleatiaely
nozzl e tube Mgk in thec%h&é %@%o&@"ﬁ@t 36‘ gd(ﬁﬁ%ldlheféro P&p¥afthg o erataron

sel ected pressu | ow rate an rientation of t e ozzl e
di schar gét% i é‘tbP‘btw preactpeal “‘axW“@hcﬁﬁe\?Q fCBF'@'é’ t & r OINATRY t RR2Z162 A28, reggh h

a nozzl e speeskvepdit thbusaranm 15h1cut¢dnl detrdmerital ty a¢fedtedhe fspragingnfunction

generating spged, ¢ elrtal%r gu]gm@%ﬂ §£§B of Saut drrateg'eﬁlg%raﬁd hdﬁtgroﬁwgt? pre

resistant lubricati ng nsm ssi
confined in Pagtsdgdy %Qjmtﬁf‘dft pezzdd stypeture. control chanber to prevent

%grtsgegdl Bg,r thazar%ﬁsecba?gnbﬁmggdeﬁ»m\é@lm1 spaK&PUobﬂ' dmrm&gﬁgoseaabﬁyt
| |
speed ¢ ea"ﬁ%eltﬁ?ﬁi\?\éyy tﬁgﬂg}oﬁw r}'aféaﬁ?ﬂ an m"%"e\?‘gﬁ drt’?ﬂa)]u%;%ctep‘h{n

whi ch can detarl nezztlal |hpusifrfgechodyhe sﬁreaybeaguigsnctot@mably suppdral sber apafit y
i ncr ease vearcoghisag mmarths'gﬁomg% b, GRE" @Ievegt ax1fa1pﬁ\5\§e%\e9f. bPCthe
u b ea

rotary nozzl ru ri.n orm axl a ced
| oad )qu stri bt P% Vg‘éarﬁf‘?gs’i%ft reanib et hedH ol Tasward ﬁ{gah Pe Wwust T, y&ﬁgesan
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subj ect to high fTé'ﬁwa%n‘y Bt usEuned comprises Rogenesally cylindrical housing body

forming a relatively stationary reference structure with respect to a
coaxial rotatable nozzle carrying tubular shaft member contained therein.
The shaft member is a rotary structure having an input end in sealed
25 relationship with a connecting high pressure liquid input member in the
input end of the housing which has an internally threaded portion for
receiving the male threaded end, i. e. cone-and thread or conventional
pipe threads, of a nozzle structure supporting lance or other means (not
shown) for supplying the high pressure spray liquid to the nozzle

30  structure.
Between the 1liquid input member and the input end of the nozzle
shaft is a high pressure sealing assembly forming a passage for confining
high pressure liquid being transferred to the nozzle and comprising a
stationary annular seal holder opposite to the end of the shaft for
35 supporting annular seal components arranged end-to-end and having inner
diameters corresponding to the inner diameter of the input end of the
shaft. The seal holder is counterbored to provide a stepped annular
recess with a smooth cylindrical wall coaxial with the shaft and
containing the end-to-end components comprising a plastic annular
40  cylindrical seal member and an annular cylindrical carbide wear
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sealing O-ring 1is preferably of resilient tough heat-resistant
elastomeric material held in a groove of rectangular cross sectijon
machined in the outer cylindrical surface of the seal member midway along
25 its length. \When the end of the seal member engaging the inlet end of
the seat wears down to near the 0-ring groove, the plastic seal member
can be removed and reversed and used until the other end of the seal
member becomes similarly worn.
The seal assembly used permits easy replacement of a single plastic
30 seal member with 0-ring when it is worn at a small fraction of the cost
of replacement of the carbide seat. The carbide seat is pressed axially
against and rotates with the nozzle shaft during operation of the spray
nozzle apparatus.
The sealing assembly comprises the seal holder, the plastic seal and
35 the carbide seat. This provides a very effective seal at low cost
because of the simplicity of configuration of these three principal parts
and their manner of retention, and replacement when necessary after wear,
during the life of the nozzle structure. Wear of 50% of the plastic seal
is tolerated without degradation of sealing by this assembly.
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4 moo‘gmof the housing. removable threaded plug in an opening
PCT1US99/ 16392 the clamping meﬁwbéﬂtﬂtlbﬂﬂahbsﬁ)mdng:dmtqud)dl tedies indectdde uaperay
xgﬁlsef Iozr% Cgﬂte? dmto thé @e%]?c?%lhgrﬁbegharﬂgrlyw SP t%@cgé)aslessalbé’llsk ?ﬁ%ﬁbw
that the forward seal blocks escape of the liquid but the rear seal
allows liquid to escape past its lip and thus allow replenishment or
complete replacement of the liquid by merely removing the plug.
The various internal elements in the sealed bearing chamber of the
25 nozzle assembly, including the bearings, are kept in relatively fixed
axial positions by means including the removable clamping member which
pushes all such elements toward one end of the housing where an element
of the assembly abuts an inwardly extending housing shoulder.

30 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a longitudinal section of a high pressure liquid spray

nozzle apparatus using for nozzle rotor speed control a centrifugal
weight controlled radially expandable unwindable coil spring engageable
with a cylindrical friction surface to prevent overspeeding and showing a
35 forward end cap for keeping internal components of the spray apparatus
clamped in place.
Fig. 2 is a perspective view of the nozzle apparatus of Fig. 1 from
its outlet end, but with nozzle discharge tips and a protector for the
tips omitted.
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i nt er nal nponents of the spray apparatus cl anped in place.
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having an elongated cylindrical nozzle housing body 10 within which is
rotatably mounted a coaxial two-piece hollow or tubular nozzle shaft
25 structure having a first tubular shaft member 11 with a female threaded
forward end into which is screwed the male rear end of a coaxial shaft
extension 13 having a Y-shaped passage feeding two nozzle sockets in a
nozzle head 14. The hollow shaft structure 11-13 carries high pressure
liquid to a discharge spray head 14 at one end of the body 10. Nozzle
30 means on the forward end of the rotating nozzle shaft provides multiple
Jjet streams of the 1liquid for cleaning purposes with the streams
oriented to provide a jet reaction torque on the nozzle shaft to make it
self-rotating. For shaft retarding purposes pointed out hereinafter the
direction of self rotation in this illustrated embodiment is clockwise
35 when looking into the discharge end of the nozzle assembly. This also
keeps the extension 13 screwed securely into the shaft member 11.
As seen in Fig. 1, the arms of the Y-shaped passage in the rotatable
shaft structure 11-13 connect with threaded cylindrical canted bores 45
in head 14 of the nozzle structures. Nozzle discharge tips 46 are
40  threaded into these canted bores 45. The end of the upper nozzle tip 46
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Fig. 3 is an weorempssitii ve expl oded vi ew of the nozzl e appar at us PET/US9/16392 g.
2. Fig. 4 is an enlarged expl oded view of the principal coil
spring speed control conponents used in the nozzle of Figs. 1-3. 5
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plastic seal 17 which abuts a hard durable carbide annular seal member or
seat 18 which is partially contained in the seal holder 16 counterbore.
When the conventional cone-and-thread connector on the high pressure
1iquid source (not shown) is secured in the entrance end of housing body
25 10 it forms a sealed connection at the conical entrance to the seal
holder 16 and clamps the seal holder 16 tightly in place against the
shoulder at the end of the bore in the inlet end of housing body 10. The
stepped coaxjal counterbored passage of the seal holder 16 presents a
smooth inner cylindrical surface within which are coaxially supported in
30 end-to-end relationship the annular cylindrical deformable seal member 17
and the annular cylindrical rigid carbide seat 18 which are pushed
forward solely by high 1iquid pressure on the seal member 17 and on the
seat 18 to force the seat against the inlet end of the shaft 11. The
sealing seat member 18 has a first end face beveled at its outer edge and
35 abutting the shaft 11 with an area of contact smaller than an area where
its opposite end face abuts the seal member 17 whereby the force
differential across the seat 18 due to the high pressure liquid in said
inlet passage holds the seat 18 against the shaft during operation of the
apparatus.



keeps the extension 13 screwed securely into the shaft menber 11.

As seen in Fi owolonidig arns of the Y-shaped passage in the rot apghRoer6392
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housing body which is isolated from the interior of a sealed chamber
between the shaft structure 11-13 and the housing body 10. Any leakage

25 of high pressure liguid to the outside of the seal 17 and seat 18 can
escape through the slotted weep passages 26 in the body 10 to the
outside of the nozzle assembly. The inlet end of the shaft 11 has a
reduced diameter portion extending rearwardly through a small aperture in
a transverse wall in the body 10 and into the chamber bled by the weep

30 holes 26 where the seat 18 seals against the inlet end of the shaft 11.

The illustrated seal holder 16, seal member 17 and seal seat 17 are
disclosed in copending United States application Ser. No. 09/071, 384,
filed April 30, 1998, in which applicant is a joint inventor and which is
incorporated herein by reference.

35 The sealed chamber contains radial ball bearings 20a and 20b for
rotatably supporting the shaft structure 11-13, a shaft speed control
mechanism described in detail hereinafter and lubricating means. Ends of
the sealed chamber are defined just beyond the bearings 20a and 20b by
means of a front shaft seal 22 between the shaft member 13 and the body
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20 forward end of the housing body 10. The rear end of the shaft structure
11-13 is rotatably supported by the radial ball bearing 20b between the
shaft member 11 and the housing body 10. The axial position of the
bearing 20a is fixed by having its outer race pushed by the end cap 40
axially into clamping engagement with the forward end of a bronze sleeve

25 30 abutting a shoulder projecting inwardly from the outermost cylindrical
wall portion of the housing body 10. The axial position of the shaft
structure 11-13 is fixed by the inner race of the bearing 20a being
clamped between opposing shoulders on shaft member 11 and on shaft
extension member 13 when these members 11 and 13 are screwed together.

30 It js desirable to insure that the torque produced by the discharged
jets from canted nozzle tips 46 is within the operating limits of the
tool. The preferred tool operational torque range is from .23 to .67
Newton-meter .67 (1.5 to 6 in.-1b.) and it is generally desirable not to
exceed 1.13 newton-meter (10 in-1b) of torque. The higher figure of 1.13

35 newton-meter (10 in-1b) will provide more latitude for tolerable ranges
of overall operating parameters.

The jet reaction force and nozzle orientation are designed to
produce from .23 to .67 Newton-meter (1.5 to 6 in-1b) of torque based on
pump size. Too small a torque may result in erratic rotation rates or be

40 insufficient to start rotation. Too large a torque will exceed the
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seal 17 will push it forwardly along the counterbored cylindrical recess
of the seal holder 16 to assure continuity of the sealing assembly at the
input end of the shaft member 11. The importance of the O-ring 17' is to
keep high pressure liquid from flowing or leaking around the outside of

25 the plastic seal 17.
‘The retarding means for controlling the speed of the self-rotating
nozzle shaft structure comprises two components which frictionally engage
the inner cylindrical surface of the non-rotating bronze sleeve 30
clamped to the housing body 10. These components are a radially
30 expandable helical coil spring device 34 encircling the shaft structure
and a centrifugally responsive weight means in the form of a weight
cluster including three elongated segment weight elements 35-37 arranged
around a cylindrical body portion 1la of the shaft member 11. The weight
cluster includes coiled garter type spring means 33 of spring steel
35 collectively encircling the weight elements in grooves 33a for biasing
the weights toward the rotational axis of the nozzle shaft structure and,
when idle, into contact with the outer cylindrical body portion 1la of
the shaft member 11. Fig. 7A shows these complementary shaped segment
weight elements 35-37 as held together by the garter springs 33 and each
40 weight has an inner arcuate cylindrical surface with a radius of

by
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seal wear, angd4exq@gsfor@ard end of the weight element 37 has a rim portion 39 with a
similar dead end arcuate slot 39a to receive and hold the rear end of the
coil spring 34,

25 The coil spring has 10 turns of 1.25 mm (0.049 in.) square spring
steel which are wound in abutment with one another when the opposite ends
are held respectively in the slots 38a and 39a. Lubricating fluid can
flow around and between the turns as an aid to keeping the spring cool
during its retarding operation.

30 During assembly of the shaft member 11, the coil spring 34 and the
weight elements 35-37, the weight elements are first clamped together by
the garter springs 33. The spring 34 is placed over the head portion 11b
of the shaft member 11 with the forward end of the spring engaged in the
slot 38a. The weight cluster 35-37 is then placed over the body portion

35 1la of the shaft member and the coil spring 34 and weight 37 are
relatively manipulated to engage the rear end of the spring 34 in the
slot 3%9a. During this assembly an axially extending pin 37p fixed in the
end of weight 37 1is positioned over the surface of a wrench flat 11f to
unidirectionally limit relative rotation of the weight cluster 35-37 with

40 respect to the shaft member 11 to prevent weight 37 from moving beyond

11



rotation speeds affecting the cleaning operation of the jet streanms. The
t ool shoul d nayogeossinl |y be operated at torques above 1. 13 nevwERu§RiREes S
(10 in-1Db). The flow rating of the tool is .45 Cv. Thi s means
that at 34 liters/mn. (9 gpm the pressure 1oss through the tool
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These corrpon&m«srd ang ofathe ablfal hemb8O 1lexpedabins tfelthe adpriog larspadund so

device 34 encid ci“.lo' PBeb grBEs Sﬂ%f:ﬁmﬁér Vﬁ(teuﬁemght hé’fﬂp s"i_‘r&?nitnr 'tﬁé'gﬁlrk?’ti&nnaway
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t neans In
three el ongat’lé%"' FC’?ﬁé‘lgﬁh‘E"del"énﬁ’?ﬁ §°§€V\ﬁ37 5??%?65%0““%9 %ﬂ"gﬁnﬂtréﬂc-”"e
cylindrical btml'yespcﬁht'l 6orwalhd edli dphethsheditl spmingr td kotatéhe iawes Igiht 38a in the

cluster 1! upesceRhl £ (BRILER AUPYRPTHAOY O 33 Pler S ThB% B Eelend? 1o

collectively encirc enment s n grooves 33a for Dbiasin
the wei ghts tWard tf‘ﬁemr‘@)tsd’t‘”l‘ﬁﬂwal axis of the nozzle shaft structure and
when idle, into conoaating tfbrctehepp)uberb)cydhlendlomaieabodytmorftromm tipaoef the

wel gnt el ementts 413 tr¥ert Qo PR BRE SoF AP SEPRE, s 1006458 0 REL 0 4
wei ght has &n meniieeed, at;ocmmereat:yttmhdwrdag t@uﬁﬂ&iﬂ?d W thiota3%a dai dsiveof
10 25 weight 37 clockwise as seen in Fig. 7. In an idle or stopped condition
of the shaft structure the coil spring 34 and the weight elements 35-37
are slightly spaced from the inner cylindrical surface of the sleeve 30
and remain so until driven to a rotating speed near a range of speed in
which retarding action on the shaft structure is intended to take place
30 to keep the shaft from overspeeding. Below this control range, nozzle
speed is not retarded by action of the coil spring 34. Centrifugal
operation of weights 35-37 over the relatively flat. and nearly linear
speed curve from A to B in Fig. 8 does not cause significant unwinding of
the spring 34. However, near point B the centrifugal force on each of
35 the weights 35-37 moves them into frictional engagement with the inner
cylindrical surface of the bronze sleeve 30 and initiates retarding
action on the rotating shaft by unwinding of the spring into contact with
the sieeve 30.
The outer surfaces of the weight elements engage the inner
40 cylindrical surface of sleeve 30 and the friction occurring at the
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curvature conpvememssly to the outer dianeter of the cylindricalPcraudoaassez
portion 1la of the shaft nenber 11 which the weights engage in their idle
posi tions. The outer arcuate surfaces of the weights each has a
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pring
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t he rotat1ona1 sha t speed does not 1ncrease with out a significant change in
25 the self-generated nozzle torque as might occur, for example, by a
significant change in the flow rate of high pressure liquid from the
nozzle jets. The closeness of the points B and C for a selected
acceptable desired speed range along the speed axis of Fig. 8 gives
considerable latitude in designing the retarding components within the
30 nozzle assembly to provide a retarding action in the wide range from B to
C along the vertical axis of Fig. 8 without nozzle shaft over-speeding
beyond the small acceptable or desired speed range available from 8 to C.
At maximum speed of the shaft structure near point C the retarding
friction force between the coil spring 34 and the sleeve 30 is at least
35 several times the vretarding friction force between the weight cluster
35-37 and the sleeve 30.
The exponential shape of the retarding force curve from B to C of
Fig. 8 in which there is controlled retarding friction between the nozzle
shaft and the stationary housing produced by the coil spring is believed
40  to be related to slippage between a belt and a pulley driven thereby as
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end of wei ght vgd oo/63spPsi tioned over the surface of a wench fla
unidirectionally limt relative rotation of the weight cluster 3%@%99\%%%%12

40 respect to the shaft menber 11 to prevent wei ght 37 from novi ng beyond

b Ot found in the Standard Handbook of
PCT/ US9911 6§§(§ng96 §§ &%tﬂwem s eguatwnh( ounrI r}a 34e andard Handhook o
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operation of t r téas{mgwg appar at us. The pin 37p while limting
relative rotast 'ght 37 and shaft 5 nenber 11 in one direction
will noveSover a T@gtmysmmm% of tarhbe fngaexpanded byf unindindokosengage et
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11. The turﬁ@xaimf-*hbeastprtrwgsfar etodligdhigh pressugg {igupd oflowdag cﬂtr@m s@e

I } kteha ri ghlt s*haﬂgs?ﬂ{cﬁmké antrmdamcum?cw?y hqumffbannwehEeainagham@ rgtrsd .
o e nqzzl g ot ation o e s ruct ur rd_en
of the cdbr afi KT ol s aidftabndaatfintle vonstifSI8T; bSer SpEfoieon
such that thende¢tedniptootbe seadad tchamienathroughdin opening imrbliendan H@ eividh
spring. opemr@ QL fbkhk 1§ O5E£1eaPRbI 86hiYet RRe Shﬁm@ﬁﬁnbo 1tlli'|§~‘1dc M tidel P

of the r|n rré transferrqd throu h t]h urndé a %ﬁockvvl se
direction Fit Hensaren @ lvge 2rea hg ot ‘"E‘%ﬁ‘ Y\g Ligp rf@ U&F ag s
39a to drive a28 thmebgérltm@?swifaodsmseagaﬂ:asmnnd ncdﬁtgnua‘ﬂy smraedlaﬁ ehwrned

st opped Q@nd'vﬁ'tm the se@fled NGa ftﬂé%tr Yetdye éﬂa‘a &R tﬁ?rr‘d‘&t g?

wei ght el ement s, 35-37 are paced fromthe | nner

surface of tf?@‘%IS@EW aod bea”"&ﬁod‘r’"éﬁ"aﬂlynblé&" G I’°’b||‘th%tr99foe’é9a9 w@rﬁ§ 0
speed near a thangezd app&edus nand indirectly by heat transfer via the lubricating

liquid to other parts of the nozzle apparatus including the bronze
sleeve and the outer surface of the tubular nozzle structure through
25 which the high pressure spraying fluid is being forced during spraying
operations.
Conventional automatic transmission fluid (ATF) has a viscosity of
about 7.24 centistokes at 100° C. and 33.3 centistokes at 40° C., a
temperature limit of about 115° C (240° F), and a viscosity index
30  exceeding 190. ATF bhas a high shear stability as compared to
conventional motor oils. For synthetic ATF blends the respective
viscosities (7.5 and 34 centistokes), temperature limit 132° C. (270° F.)
and viscosity index (198) are somewhat higher. For a synthetic ATF the
temperature limit may be still higher or about 149° C. (300° F.). It is
35 desirable that the viscosity of the lubricating liquid used with this
invention remain stable during continuous use of the nozzle apparatus.
Fig. 9 shows another embodiment of the invention described in
greater detail below, but uses several common parts with like reference
numbers as in as in Fig. 1 with same functions in the retarding mechanism
40  including: bronze sleeve 30, centrifugal weights 35-37 (36 not appearing
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speed. is not retarded by action of the coil spring 34. Centri fugal
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t he spring tott’héeghart‘tea@ﬁrdé?'mréh%tnqzﬁéesrté)ﬁs 386, rotate sthﬁayﬁ‘ﬁéh aheaé 14'
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shaft member 12 via a right hand threaded male to male adapter 48.
High pressure liquid is supplied to the inlet end of the shaft 12 by
inlet means comprising an inlet nut 15 which is internally threaded to
25 connect to a source of high pressure liquid (not shown). Along the
inside cylindrical surface of the housing body 10' the inlet nut 15
clamps a stack of coaxial parts together tightly in place end-to-end and
against an inwardly directed shoulder of the housing body 10' near its
forward or outlet end. This stack of parts in order consists of a seal
30 holder 16', seal retainer 27 for lip seal 24, the outer bearing race of
ball bearing 20b', the bronze sleeve 30, and the outer bearing race of
ball bearing 20a' which abuts the housing body shoulder 43'.
In Fig. 9 a Tip seal 22' at the forward end of the body 10' and a
Tip seal 24 against the shaft 12 in the seal retainer 27, and an 0-ring
35 28 sealing the outer periphery of the retainer 27 to body 10', define the
ends of a sealed chamber between housing body 10' and shaft 12 for
isolating the shaft bearings, the shaft retarding mechanism and the
lubricating liquid from the high pressure liquid passages in the nozzle
assembly. The 1lubricating liquid is injected into the sealed chamber
40  through an opening in the forward end of the body 10' which opening is
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The shaft portion 12 and the removable spray head 14' with the Y-
shaped liquid passage forms two main parts of a multi-piece rotary shaft
structure. The rear male end of head 14' 1is screwed onto the forward

25 threaded male end of the shaft portion 12 by means of the male to male
adapter 48.

A round thick disk-shaped nozzle tip protector 50, used in both
Figs. 1 and 9, has bores therethrough aligned with and protectively
enclosing the removable nozzle tips 46. The protector 50 has a base

30 portion fastened to the end face of the head 14 or 14' by screws (not
shown). Threaded holes 47 for those screws appear in the end face of
head 14 din Figs. 2-3 1in circumferentially spaced areas between the
threaded bores 45 for nozzle tips 46. The disk-shaped protector 50
allows this end of the nozzle assembly to rotate without the nozzle tips

35 46 striking and being damaged by engagement with surfaces being cleaned.

A comparison of Figs. 1 and 9 shows the space or size saving
achieved in Fig. 1 by screwing the shaft member 13, carrying the nozzle
tips 46 in the head 14, into the enlarged female threaded end of shaft
member 11 at the concealed and inaccessible location within the coil

40 spring 34. The outer housings 10 and 10' and the heads 14 and 14' have
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getion 9 springs an
the coi I Bor: HE 15 pon-actual edd BoSfiigh ahalpri o tﬂga e PR o 1 hear f ke

ref erence nunbersThen Tmpgicating 1uid Skl ipar ¢ eS$¢ﬂ1|eérCh@nb@nO§enb¢ang thel
and having lidg@1é WhaFt BRarthg is subFebt 1D Bame vasEsusEhéuH ahil Ofurddd@ttet put
the ref erencethréu%)zz]e shaft speed is permitted to accelerate with only a relatively
small resistance to the self-generated nozzle torque as the nozzle speed
25 increases from an initial stopped condition at point A on the curve of
Fig. 8 and quickly reaches a speed at point B near the lower end of a

desired operating speed range.

Near point B the weights move outwardly and as they get
progressively closer to the bronze sleeve significant viscous shear

30 occurs in the lubricating liquid by the relative movement of the weights
with respect to the bronze sleeve and the energy dissipated by this
viscous shearing action creates a drag on the weights as they closely
approach the bronze sleeve. Although the steel weights and the bronze
sleeve are selected as relatively anti-galling materials in case they rub

35 against one another at least a film of lubricating liquid is preferably
kept between the weights and the bronze sleeve.

The second and principal energy dissipating mechanism of the two
aforementioned related energy dissipating mechanisms is coupled to the
first mechanism by means providing what is akin to a mechanical advantage

40 generating function for causing a portion of the second mechanism which
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5 Fig. 9 shows a high pressure liquid " nozzle appar at us
assenbl y wobdsdig an elongated cylindrical nozzle housing heeyusddinessz

within whichis rotatably nmounted a coaxial hollow shaft 12 which
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of the body 1 peans [t ting
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inl et means conp w‘:?i“gu tgﬁré)rflsef"“??ufnﬁr@y\r\%’iséI’lpaq?"ﬂ%t5 pi’fﬁ@?{sh?%%é'%g ¥s
connect tOsulﬁ]eSﬂUf&&hgﬁt'"}'I dhcreas &ms reeistancpii fdrcgnaelasivewity . the Amm

the o AR NG SHELARR 0! ridiCp DM NG: B BO cichSotd ghriiit

end-t o- énd ahes ing retagdation ah thenarele ahsk éct‘éd“%cﬂﬂeagry orncrreerroagwg
body 10 ne@ﬁelﬁeﬁ ts ar:ﬁpj V@rrdtﬂfdrﬂgltfd?teem the Thias: endmif ahe psprtingi n At der

corer hear fle ER r‘O]sur' R IGE He P TRL AERMOETexbind Yn iRty e e

outer beari ronze sl eeve
outer beari lngessadetouﬁr‘d the bmhte tséae\rehg gEat mrerﬁeabmt\srsﬁw 1188 ri§ Hsdy

shoul der 43'lubr'1cat1ng Tightd Fb&we@nathéps?reﬁab Zahd ahet k@il OnRdigeN@coirst he
body 10' _and a

haf 2 | n e r
27, and?%n G°'i"15ﬁ6"!95 srg’gtse'élt?mj’“gﬂe ot p"e e@rl' é)ﬂe‘ﬁe?h?ng%gggjeto
body 10", dettardindrer energyrcﬂsssfpaa;regeaneebhmhanber bet ween housi ng body 10

and shaft 12 fomy is rle? n@&édquh h@éﬁer@f‘é}f laBOtne b1 shaidg ﬁ@téirnﬁlxﬁlrﬁum
nmechani sm and t he

passages i nathitsndzente end I"’g\ditsdlénﬁﬁﬁﬁe Wfr[a?g]‘dre%a{mﬁgﬂ%% {‘ieerid 18! the
i njected ieh® enhegesiehy atle weighberiudter.t hrough an opening in the forward
igd of TZhe bOdyI%O%s \M?.E'Ferrggemm%pjtﬁnum tool life with low cost tool materials
that a film or layer of the lubricating 1liquid in which the weight
cluster and the coil spring are immersed remains between these immersed
parts and the bronze sleeve to avoid a dry friction condition at the
proximate surfaces of these parts to provide a significant amount of
30 retardation by viscous shear in the Tlubricating liquid and to prevent
inordinate wear of the relatively moving parts. In cases where
continuous operation is desirable this lubricating film 1is important.
However, where short duration or intermittent operation is acceptable, or
when environmental conditions dictate, dry friction conditions may be
35 tolerated.

Except where otherwise described, reference in this specification to
engagement or frictional engagement between the weights or the coil
spring and the bronze sleeve is intended to include either dry engagement
or wet engagement where the surfaces are wetted by the lubricating

40  liquid.
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normal | y seal agloorozsanfi ne the lubricating liquid in the chanberpdpukévissoz
screw plug 42. Any high pressure liquid | eaking to the outside of the

seal 17 and seat 18 can escape to holes through the wall of the housing
body 10' by ”?ansl’iﬁep"tacﬂsal oMRPRi 20! RS cAfiRed, N dNe fidhdl Ner cémponehiKCof Nene S
shaft 11 of E#%. . the_inlet %pd of tge_shaft 12_has a r%gucef d|®geter
portion ext eyl iesaPliat8l 9refierberymeodipart Neysin (Are PreYeRap P made feam a
wal | in the gtbag non-2orroelivd mptadal sidhaaw sitafroleshestelednber bl ed by

weep hol es 26a wh th 18. | §..2081 NSt <t Ik the

12,10 The OUEx arataens HBR fulSabiche O MERCREF L) dCyTiRbh:
presenting afrom thenmsiestribederembedimanls cand sif f 2z eivhandph khakhthe epresent
coaxi al 'y supRakckstibfs be i1RRArdOvensk iRé afnvensived fadtured Wbmsaslseddy erd
def or mabl e seal n& eﬁ 17 and an annul ar cylindrical rigid seal seat
18 which is HHPENERA &I'§ 1y high liquid pressure on the seal nenber 17
and on the seat to force the 15 seat against the inlet end of the shaft

12. The sealing seat nmenber 18 has a.first end face beveled at its
outer edge and abutting the shaft with an area of contact snaller than
an area where its opposite end face abuts the seal nenber 17 whereby
the pressure differential across the seat 18 due to the high pressure
liquid in said inlet passage maintains a 20 net force holding the seat 18
agai nst the shaft during operation of the appar at us. The
shaft portion 12 and the renovable spray head 14" with the Y- shaped

| i qui d passage forns two main parts of a nmulti-piece rotary shaft
structure. The rear male end of head 14" is screwed onto the forward 25
threaded mal e end of the shaft portion 12 by means of the male to male

adapt er 48. A round thick disk-shaped nozzle tip protector 50,
used in both Figs. 1 and 9, has bores therethrough aligned with and
protectively encl osing the renovabl e nozzle tips 46. The protector
50 has a base 30 portion fastened to the end face of the head 14 or 14
by screws (not shown). Threaded holes 47 for those screws appear in
the end face of head 14 in Figs. 2-3 in circunferentially spaced areas
bet ween t he threaded bores 45 for nozzle tips 46. The disk-shaped
protector 50 allows this end of the nozzle assenbly to rotate w thout
the nozzle tips 35 46 striking and bei ng danaged by engagenent with
surfaces bei ng cl eaned. A conparison of Figs. 1 and 9 shows the
space or size saving achieved in Fig. 1 by screwing the shaft nenber
13, carrying the nozzle tips 46 in the head 14, into the enl arged

femal e t hreaded end of shaft
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nmenber 11 at the conceal ed and i naccessi bl e | ocati on' within the coil 40
spri-ng 34. Twocesen housings 10 and 10' and the heads 14 and pedru$advgsos
16 WO 00/ 03811 :

PCT/ US99/ f 6392 respective |like out jm (ﬂuﬂlmmmumphe bronze
sl eeves, the wei gfj Gy1aimed e coil spriy i cal sizes.
The bronze sl eeve %8 fésq n%g\g o# ASTM 660 bronze." The Spring 34 is

made of heat treated spring steel. The weights 35-37 are nmade of type 5
303 stainless sheeatotary Thetardisy i aévicof for hesanedtubbi ngtwgear ts reéfetrentde

Llub_ri cant Sh%k*gcéﬁ?ecﬂﬂlsgnr&%r .s”cirm:tzu‘?'egftl lcbRE-At tﬁ@%p&%‘?mfngoéﬁrﬁ{nﬁc&sahe
uring operation of the fetafd ng apparatus. _ is bellevVe
t hat t Be TRAJNY styuGtHes palatise topbe aeforencerstrHeture, retarding

mechani sm  ofsaidl hidévidenvédtpr Pingl nCl frdiRgjor Wourfaet amegns eoeir@rtdd to said
di ssi pating rg?chani SIE ‘1[n V\:hringh a first . r%echﬂni sgm r.ot at]i ng _‘}NI th the )
nozzl e sensed o SIAEFE VETHEM En e PTREH 116 a"  BEETHg CHOYST &clngurfage coaxTa

rel atively stwithamaayishofisiotgttndofsedd estary etreucdure, action on this
first nechani ; | at i r [ Q4 t ' ' .
_ &mh‘?ug%jﬂ‘ﬂ}’b{/égpt%ﬁéﬂk Réﬁﬁitf lﬁégagl% YErrki@ H}Féﬁ@%‘tg‘é’able Wht‘.hsfgm

slow ng .i.s achiev cen wei ght uster noving
progr essilVel yOPYs 8 4BUthe housing after a mini mum desi gned speed is

?t t ai ned. ﬁ\fstaed_viehglst mkhmaxﬂgsbmaedasp&edfaj@ gbtﬁioneébrtghgeaiﬁ@t wifrugald
orces on t t t.he st ar v, t . t hes

forces excee n??ﬁe"q?et% 5??\"%%3”{105?5%9 t“%g}'g_g?qd&qg%%#i \r,@réw%'%’doaﬁéb?%ceeﬁﬁgf g?‘n‘;
cluster. At SRtwweigilz spansspébusespestglar setd 8pisngs keep the weights in 20

their non-actsyping®ipPOigt hddhsa8G MSbs Iy sERF #e®githdehns toward saidN&is and

| ubricati.ng 1l ?wfd filli nq’ t he sea{ ,ea ph:ilrrber cont ai ning the nozzl e
shaft bedPi ng"f% TEaMjadf tbeerecytiadpire TstieiAt&ind t ur bul ence but t he
nozzl e shaft dspewd insansefon trioddting aziklretatye strudtuoml in ane ed atecvedny about
smal | resistange &kpsthe sel f-generated nozzle torque as the nozzle speed 25
i ncreases froma ,iqltial st opped candition gt poi nt A on the curve of |
Fig. 8 and q&i SRINFY éécﬂ‘é‘é‘dacggbe@rdf'g peRa%ia BYn&aF 18 Hd Y ofe PORHAN o PT g s id
desi red oper abtay spaeduraranpd. having one ehbain goiivin Bngdgemest ghitth apoetion
out war dl ygan th t r ssivel

o n 11 cant o) sl ORIy styycturll QRIS R Yo TORFRL ahfl MITeTOTE Flseter
rel ati ve nov@fethe 6811 sarins ghﬁns said one end of the coil spring is driven by the

rotary structure in said one direction,
means for coupling a second end of said coil spring to said weight means
whereby the coil spring rotates said weight means in said one direction
25 about said axis in response to rotation of the rotary structure in said
one direction,
said weight means being centrifugally responsive to increased rotational
speed of said rotary structure in said one direction to frictionally
engage said internal cylindrical surface and retard movement of said
30 second end of the coil spring in said one direction and increasingly
unwind the coil spring so that its turns increase in diameter and
frictionally engage said internal cylindrical surface to retard relative
rotational movement of said rotary structure with respect to said
reference structure.
35 2. A rotary retarding device according to claim 1 wherein said reference
structure is a non-rotating structure.
3. A rotary retarding device according to claim 1 wherein said weight
means and said coil spring do not engage said internal cylindrical
surface when the rotary structure is not rotating.
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Wi th respect to the bronze sl eeve and L sapeat ed by this
Vi scous sheaw®@0/63813 on creates a draﬂ‘ﬂi‘@[‘ﬁ “ﬂlﬁmas t hey RQEE$99/16392
appr.oach the bronze sleeve. Al though'tficcsteelnwe ghts and the bronze

sl eeve are selected as relatively anti-galling materials in case they rub

35. agai nst pne another at, |east £l ubr i catl i quid. | eferably
kept betvveen&)’t heﬁ\/\'/‘eqtaﬁs'aeécha&gﬁ?e F'E)%Azergcgp'édé\l'}g.{ocaukw l_w(%ﬁ‘lég"snegaﬁ wg%hawk.
princi pal enegaps compsii e ianplunad htiniof nweight redements arrasged aremd shedotary
related ener gy e RALT MAc TASARYa?b B&r 't%ﬂ@%l?'iﬁdj me8nd R811ect ilé TS bnfRENHMY SM
by neans proyi di n?q{\ghas i S _ak\; n Fo a neg@amc% atdvan({naai 40, generating
function for & HE 8 1SANES ShPToP 145189 STEOWE FHES RSHAItSaRd @ s
17 5 5WO AH0fd@38d Iretarding device according to claim 1 wherein said rotary
PCTI uS99/ 1638} ryctyre is'Plph8y n¥-tle the nozzle shaft to interact with the
bronze sl eeve and di 55|cgate en,ergg at .a rate ¥mi cg I ncreases

uP¢ Be

exponenti al | §- ad LOLYNEIEEATGNG device Regasding 9| elaifea herein£3dd dniyving
second ener gyeahisSfarpabtatgngeshianretary strucsuriehéncladés gptistgebmMmdEz s bl medns

| ubricating JLJjqui.d and sgLvely . d jon af the
wei ghts ret a%"t#géﬁjq h% F%&C&qggd?éﬁ‘/&t hdé”sgb’#ﬂ%% r%ﬂé}:g%gﬁ{%é‘?e 1!ns Sﬁl’\d one
i ncreaseld n éirgctigpdaorasgrasaldri sarayong det ritrpamsngrom the moar poimeans t o
point C of the FAOrofryUr¥earding NdksicéBXddoWaIngear 81l 5 whdr@ifiCsdidMshi410
nozzl e spe_ednl s_]achl evegl when [ he r'et a%dg}g grgrq%eg 313 t he o ozzée shaft
are in equi | M5 BntUPTASThe f‘%?. Q %pﬁﬁf teld oMt Hernd2iy 128 .‘éihﬁf"t Ry ite
reaction froend end @t rnedets endswithgnfsaih réferance sérutitachamge includingpmeans

Al t hough the [ d LSS|Rat 4 : | : ey are

subj cot o o Sarery SR FLRIG SPESSGLAR Prutl R gy AR ShETY D onze

sl eeve a9 t h@ sHaffotapeaetapdy fevisepdicherding otqpsilaim B, ipptudisg aneansr tar 15
czﬁusi ng L et adfdiﬂ’ltihmy Qf htiblg. mf&kmﬁhafésis&am@tngnﬁﬁtdfy stalTecas eebsiny | AAss a

t he wei ghts . re i ng force tqQ.t n . . he spring. i
the outer sur _a&éé{atgif"gt hgalsuénr ﬁ)ﬁﬁwyﬁ"naﬁaﬁasqga%g'% ‘g%ﬂb‘%"r?gi ﬁﬁpfaﬁfﬁ apd said
pressed towawighheneanprand Sgbgeih sgréng. i ncrease in viscous shear in the

lubricating ¢j qui d-oRefyaaiakihgSRel e akdoddifgCa lc1Mmndi ngéwzﬁﬁ%l“zea%gegnd

comver! a8, clihing R reAGERen Titha R EORRLind BpghtS aeiiee
heat gener at safdatintérmadocy! tydrier) issirfacerandusaid weight means and said coil
spring.
10. A rotary retarding device according to claim 1 wherein said internal
cylindrical surface is part of a removable cylindrical sleeve secured in
25 said reference structure.
11. A rotary retarding device according to claim 1 wherein said internal
cylindrical surface is part of a removable cylindrical bronze sleeve
secured in said reference structure.
12. A nozzle assembly for spraying high pressure 1liquid against an
30 object and comprising:
a hollow cylindrical housing body having an inner cylindrical surface,
a tubular shaft structure rotatable coaxially within the housing body and
having a liquid input end,
said shaft structure having an output end and including means at said
35 output end providing a spray nozzle head for rotation with the shaft
structure,
axially spaced bearing means between said shaft and said inner
cylindrical surface of the housing body to rotatably support said shaft
structure coaxially within the housing body and to prevent axial movement
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at its front end and decreases progressively fromthe front end to the
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wei ghts or tlgﬁaptog{ructuresprl ng and the bronze sleeve is intended to
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18 10 YO wRLes88fdr applying a retarding force to the shaft structure to
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present déScrii'p |ons e inventive features
enconpassed Byruqiare, appended cl ai ms.

said input means including a sealing assembly forming a high pressure

liquid sealed passage between the high pressure liquid source and the

liquid input end of said shaft structure,

said sealing assembly including an annular seal holder and first and
20 second coaxial seal members carried end to end by the seal holder,

said seal members having differential areas being forced axially toward

the liquid input end of the shaft structure by said high pressure liquid

acting over said differential areas of the seal members,

said seal holder having an outer coaxial cylindrical surface slidable in
25 said bore and having opposite end faces extending inwardly from its outer

cylindrical surface,

one end face of said seal holder abutting said inwardly extending

shoulder at the inner end of said bore, and

means defining an internally threaded coaxial connection at the outer end
30 of the bore for receiving a threaded coupling on a high pressure liquid

conduit whereby the threaded coupling will engage the other end face of

the seal holder to hold said one end face and said shoulder in tight

sealing abutment,

said sealing assembly being removable axially from the input end of the
35 nozzle assembly upon removal from the nozzle assembly of the threaded

coupling on the high pressure liquid conduit without disturbing the

sealed integrity of the sealed chamber and without removing other parts

of the nozzle assembly.

13. A nozzle assembly according to claim 12 wherein the means for
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defining the cylindrical bore in the liquid inlet passage is part of the
housing body. '

14. A nozzle assembly according to claim 12 including an annular end cap

on a second end of the nozzle assembly, _

said end cap being screwed on the housing body and having a central
opening in sealed relationship with the surface of the shaft structure to
close the sealed chamber at said second end of the nozzle assembly,

15. A nozzle assembly according to clajm 12 wherein the retarding means
in said sealed chamber includes a radially expandable coil spring means
actuated in response to centrifugal forces of weight means coupled to the
shaft to create retarding forces applied to the shaft structure for
retarding its rotational speed when the speed exceeds a desired range.
16. A nozzle assembly according to claim 15 wherein said chamber
includes a cylindrical sleeve having an inner surface frictionally
engageable by said coil spring and said weight means to create a rotary
retarding force applied to the shaft structure.

17. A nozzle assembly according to claim 16 wherein at maximum rotary
speed of the shaft structure the retarding friction force between the
coil spring and the sleeve is at least several times the retarding
friction force between the weight means and the sleeve.

18. A nozzle assembly according to claim 13 wherein the shaft structure
includes a removable nozzle carrying extension member having a tubular
supporting portion extending within the housing body to a concealed point
of threaded attachment in the shaft structure.

19.  An elongated slender nozzle assembly for spraying high pressure
Tiquid against an object and comprising:

a hollow cylindrical housing body having an elongated inner cylindrical
surface, '

a tubular shaft rotatable coaxially within the housing body and having a
liquid input end within and near one end of said housing body,

said shaft having an output end near a second end of the housing body and
including means at said output end for securing a- spray nozzle for
rotation with the shaft, _

axially spaced bearing means between said shaft and said housing body to
rotatably support said shaft coaxially within the housing body and to
prevent axial movement of the shaft when the shaft is subject to high
axial forces during spraying,

means defining a sealed chamber enclosing said bearing means and a high
temperature resistant lubricant therefor between said housing body and
said shaft,

23



WD 0/ 03811 PCTI US99/ 1 96392

What is cl ai wo oos3s11 : r ot tlmﬂ‘mﬁ(mgew ce fobcTrusyeriesed
connection between a reference ﬁ“m ‘m rotary structure to
control the speed of rotation of the % crotLarg? strutture relative to the -

reference Strh‘ﬁ}tu mEans for é@dn@cgﬁ'\\;dt %eh‘r\’m%§%ﬂg QIJUQHCE&HQeS't'é fs%qg ABz3Ye

connected to sali ence o%
cylindrical §E|$9"%9c1,é ‘d‘oé%]zfld relatigpship ani thxthe df'P'-ftoF&‘il ntig 5§affd rot ary

struct glr e, dawmgnﬁeramfsugﬁ Fytatdaponasd vehatei ghbnérgﬂmcpaﬂratﬁdtbymﬁn%s
rotatable w’ tructur S i ght. neaps havin
external sur Eg?tgﬁfﬂ?o‘ﬁé“% ééb aﬂ?”"gn ?P]a)gg by.gﬂcqrﬁkng RalPOL L 19 & égﬂi
surface uponskafitt ranfiugav ingutoner endli pldrdeererangegement wth ca vpmirgidn rofasaid
Wi th 1espect shapesah ke to umARG LA Hh bha% 99 {1RARSarfeREr bd@%hé‘qioﬁ@ dsq;r'mq

wei ght nmeans [oward, sai d axi rom sal d 1 nternal
surf ace, wheyt 591 Qnaeaids© ?cﬁher%‘ét FWg‘“Qa]%de‘fed‘r 9y dieurqtary ?tr’fuéﬁé”e in

direction abeatd one disactlioaXis, a helically wound coil spring

coaxi ally engisfl k5o c@u;tpﬂwb .ﬁr&egf)nf%h&i of, 6a1J?BW 3§8§ @%Buée%ta h?Vi ¥ htone

end in drlven engagemne struc
tends t ol@UnwieRPsandlereRy cldiee C1°h(]3 apaingt aotates gpid hwe tahit| "‘SMS ntp ada Q%ﬁ d

one end of tHBerezaidn HooUDYsdid dkiyein Bespdite to Forh@idh DT ted Whaft NinS3hfl
one directiop,, dwe&egns for coupling a second end of said coil spring to
sai d wei ght nea whereby the coil spring rotates said weight neans in
sai d one di ré@:tdi é)’ﬁ@Bl mapesuthedng deakt ifugnl lyespenensite tpoinmrieasedirotdtdonal

rotary struckhufe lsﬁe@dilﬂq saidoBfe di{RetiON. to frictidhal} géﬁgaP'SaE'ﬁ; PtiePHa
centri fugal I ]r]e] ive i Ncr e seS‘ rotati o sald rotar

al
structur€’in &"Ft%ctel ol t'0'%f °5ﬂ"(9nah°¥ and 5?1‘8%3 MO et errsﬁ
cylindrical S%ﬁﬂnﬂaced amitl thet snod 1 mepeimgntinofa ihi ahe3d ireddondamhdinafedsiag tyoi |

spring in sghiin@Nehdi Q511 Qpr A éoncfl'ﬁi‘s'd@gl 3£urns 'PHB%E' tlf'r‘? fPinetSPT LAY

so t hat |ts]Lrns|qc[rease|n I"anet er ? r|C|ona eng aag sai d
internal cyl @ ¥upneage wdréﬂ%ﬁraa eiydipdrdcal surfacs .tenaqetar e e

of said rotestatistaluaibuement vft Baid adpeCtwithoresgicd to thefRUSNEE body to

SLructursy 1imit shaft speed to a desired range.

20. A nozzle assembly according to claim 19 wherein the centrifugal

weight means comprises several elongated weight segments having outer

curved surfaces engageable with the internal cylindrical surface in the
housing body.

25 21. A nozzle assembly according to claim 20 wherein the elongated weight
segments are collectively encircled at their opposite ends by springs to
spring bias the weights toward the axis of rotation of the shaft
structure.

22. A nozzle assembly according to claim 19 wherein both the weight

30 means and the coil spring produce a shaft retarding drag when engaged
with the internal cylindrical surface in the housing body, but the shaft
retarding drag imposed by the coil spring is at least several times
greater than the drag produced by the weight means when the shaft rotates
at a desired speed.

35 23. A nozzle assembly according to claim 21 wherein the combined lengths
of the coil spring and the weight means is about forty percent of the
length of the housing body.

24. A nozzle assembly according to claim 19 wherein the coil spring is
near the longitudinal center of the shaft to aid in dissipating heat

40 along the shaft and therefrom to the liquid passing through the shaft,
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35 2. Arotary retarding device according to cl \/\herel n said
ref erence wWoraa®ssie i S a non-rot at HIE Mm 3. A roPeTaS99/16392
retarding device according to claim1l means and
said coil spring do not engage said intér nal cyI | ndr| cal surface when

the rotary strictugecd$iH 4 A, trolling th Lt tat
20 \%C /O%SU? I% 99 u for contro ing eC[i_? Uséé 1r603ga ional Speezg

A rotary ret ar'}?itﬂbe”dév‘i’q,tétﬁlb%fa“%m?%b%l a7dna158QeBH drefibeni@mRR] LR
nmeans conpri semans pfer adpplyinf weriqgbt tel eathtrotatabdegddr st onentiet-henr ot ainge

structure and JRELUCNG B (el YRS BT 0B ERNS SOLLAEHIYELY (SRGld Yahl o

the wei ght el enen I asi n g sal d
rotary ret érduqagsqethecépae;bcqfdmgatﬂ@ncp said npkataple SHirat reambey relative to

structure is egas@r@éoﬁwz,@lnger to incPeadr rotary retarding device according to
claim5 wherein saj ns for, rotatin structure
i ncl udes j et sctof"Bg nd'ﬁefr'é %@&?]tsably %ré‘Feé‘atl%g sajdy e’%&f‘ﬁ}’g o'l‘(’fé dMePReyg and
said rotary stnespansrieei tp Sacxkasriag Idtationadtspeediof sespontetabolesiiosti mgmhert

streanms from tdye pog ifg ma’ﬁ”?ncreasmrgo fmé\t{o%@ryorrc%t %d'segd dﬁ/&&fa @S@Qerrd'eag

to claim5 wherein's zzl econprlses r ot
struct ure?ﬂaw‘"ﬁ@a%t ﬁt'Toétat?s%}adyWﬁfd of sadddf sy meyb PFIIQ& aéh\b‘-‘ vior R i sagand

reference strumemberg and incl udi ng nmeans for supplying a high pressure

spray liquid ts%’fﬁaécﬂ:pmb: tmdﬁﬂg 11‘?13!31ud§|]:|% a 'Ac‘efl?rt*ﬁ‘{l f%eqéﬁj{ r}%aqg lf&g iy

according to #inin
resi stant |iq@n@agmgssais éem%’c@@ﬂh‘if as the rotatnmh seagdngf n%lelduan“tfét werher

said internal mﬂ‘éa@dﬁlfoala sirstagReanshd ai €bil sprM@'él:'ﬂheémnEeWé@nS?dﬂ £ sk

spring. Arotar eta eV|c accordin m1l inclu

voans i or 150 Wemih iArngY i EoRbi1ra0s f qindae R i aratasd) Shr be diwgnd By
medi um bet weerrelativesedtatiion @fnadid flirsidmenkzdr with aeepentd teasa dnvee igitt mesanss
and said coil to fricRbhdOy engagelgmé\l § ‘?\Hym el gb&g Lﬁﬁr\fh@ﬁga%%ég)ngxtt q

claiml1l wherein s ric S ace._ |

i nt ef na, cy,
renovabl e cyl |Sﬁa?$@gf"’esl5ééd/e ’§éEL|5rR§Gd|‘ﬁ rgxar éﬂdy‘}rémee?e & E?’rhéf’mébm said

first member becomes substantially greater than the retarding force of
20 the weight means on the first member, .
said coupling means limiting the maximum rotational speed of the first
member relative to the second member to a speed at which the retarding
force of the coupling means and the torque applied by said means for
applying torque to the first member are in equilibrium.
25 26. A rotational speed control apparatus comprising:
a driven rotatable member whose speed is to be kept within a desired
rotational speed range with a practical maximum speed,
a relatively stationary member supporting said driven member,
driving means for providing a selected amount of torque for driving
30 said driven member relative to said relatively stationary member,
' a first energy dissipating mechanism for sensing the rotational
speed of the driven member relative to said relatively stationary member,
a second and primary energy dissipating mechanism interacting
between the two driven and relatively stationary members, and
35 coupling means between said first and second energy dissipating
mechanisms whereby when said first mechanism senses a rotational speed
near the lower end of said desired speed range it actuates the second
energy dissipating mechanism to impose a retarding force on the driven
member and limit maximum driven member rotational speed to said practical
40 speed at which retarding forces of the two mechanisms on the driven

25



11. Arotary retarding device accordi n ein said internal
cylindrical sydah@siss Part of a remov mﬁl\gm“% “m‘“bronze slp@q-mgg,w”z
secured in said re erence structure. nozzl*e assenbly for
spraying high pressure |iquid against an 30 object and conpri sing:

Cubul ar Shaf (PegBeL aF ey T g RTCH U it 8 PR O 18" WG tans ot e

having a | i quirdvimpaearendn said daivénsmesber st r uct ure havi ng an out put end
and incl udi “gzﬁea/(‘%@&tﬁﬂ?i’ shRed WLbnRHS1 aslﬁ‘ﬂraﬂh@va&tbﬁ@n@ SPCAN N QB 21 e 1hend

for rotation-with the structure eari.n
means bet wedlfansdaf indngyra seahed chapher Cﬂ%ar’"‘"g %)}Vﬁﬁdﬁ?"ggfﬁé‘ﬁ?f e(lsésgqnt

t he housi r\g bndyitatin@tBiqgald yinswipixhr sa shimelcrandasns are wmecsadur e coaxial ly
within the h i n . axj

21 r%ggﬁhgﬂq §Redd R¥ftYor %bﬁira@%@%@%@@g 1g%gc1a1m 26 Wh8¥e1tnhe
shaft struct maedmﬁmttmas:hsmaﬁnt igta gentinifupal WuBEONSie MRYRNANR-al

forces duri NGuEDr &Y indational SRRRScelffroNi dparaniRabchreingrzer ¢ emieeners 1
ture Ql

housi ng body and sai d ngl osi ns
and a hi gh te?ﬁigr éf’ﬁ‘?"@sﬁ“ec e 4 ﬁ‘Fr' rid et ﬁ@fquorrqg ey, egﬁf}wﬁggen?%
connecti nip a frigitipnedswngabempntd wiihr cent dnaer i myﬂllnfb‘mc,ﬁ] su acgai i norH e

asse Yo " ARG A0S, Hehliek NOsd P LEe AN Ipfiing NBeing Bihkable by

means”in sald sea er a to sai
shaft 10 st rymtipding ﬂar regpisei hy 2etuadiol A ng‘a‘ﬁof"cfé’" Becq‘Pﬁés'“ siPafepgage
structure 1tO0said 1rnfeﬁve)ﬂlt1 nui-ﬁcarloihlﬁtﬂaaélgﬂorsmeddlmg)lthemeetﬂlung1 aspaediafedaid
range, sa i ssure i qui input neans including a
cylindri cal }o(jcrat‘tb]% m%"g)e?(l al with said shaft structure with said bore
having at its inner end an annul ar inwardly extendi ng shoul der facing
away fromsaid shaft 15 structure, sai d i nput neans including a
seal ing assenbly form ng a high pressure | i qui d seal ed passage between
the high pressure liquid source and the

26



liquid input end of said shaft structure, sai d seéling assenbl y
i ncludi ng an arwoltan3gi@al hol der and first and 20 second coaxi al pgadsoris392

menber.s carried end to end by the seal hol der, sai d seal nenbers
having differential areas being forced axial1Ap toward the liquid input
end of the shaft structure by said high pressure liquid - acting over
said differential areas of the seal nenbers, sai d seal hol der having
an outer coaxial cylindrical surface slidable in 25 said bore and having
opposite end faces extending inwardly fromits outer cylindri cal
surf ace, "one end face of said seal holder abutting said inwardly
ext endi ng shoul der at the inner e of said bore, and means
defining an internally threadedgcoaxi altconnection at the outer end 30 of
the bore for receiving a thread coupl i on_a high pressure |iquid
conduit whereby the threaded c i i ge the other end face of
the seal holder to hold said o aid shoulder in tight
seal i ng abut nent, sai d seflykg I ing renovable axially from
the input end of the 35 noz \ enoval fromthe nozzle
assenbly of the threaded [ f i gh pressure liquid conduit
w t hout disturbing the ' se I y t he seal ed chanber and
wi t hout renovi ng ot hew assenbl y. 13. A
nozzle assenbly accoOrdin a| tgf means for
22 WD 001038
PCT/ US99116391 definin bore in the liquid inlet
passage is part of the ho g ) 14. A nozzle assenbly
according to claim112 in i axpnnygl asEnd cap on a second end of
the nozzle assenbly, 5 said p bei ewed on the housing body
and having a central < ope seal tiof8hip with the surface
of the shaft structure't o] t he a anber at said second end
of the nozzle assenbly, zzl |y according to claim 12
wherein the retardi ng neans ai chanmber includes a radially
expandabl e coil spring
&
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10 actuated in response to centrifugal forces of weight neans coupled to

t he - shaf te retarding forces applied to the shaft :
for . retaﬁﬁ?ﬁ%&#fg rotational speed whepsthe speed exceeds 2E3§§%¥£ 2
range. 16. A nozzle assenbly according to eghaim 15 wherein
said chanber includes a cylindrical sleeve havind an Lpner surface
frictionally 15 engageable by said coil spring and sai d wekght neans to
Create a rotary retarding force applied to the shaf sfrugfure

17. A nozzl e assenbl ywgaccording to claim 16 wherein at
speed of the shaft stF'cthe the retarding friction:jprc-

coil spring and the §leeye is at |least several \ting retardi ng 20
friction force between |t hef weight neans and the sl eeef\ ©)18. & nozzle
assenbl y accordinéfto c] ai/fm wherein the shaft struc . iThcl udes a
renmovabl e nozzle c ng/ eyt ensi on nenber having s ! supporting
portion extepding i: e housing body to dﬂconceaL; t of

t hreaded attschment
nozzl e assenb
and conpri sing:
i nner cylindrical
within the ;g-J
one end of said |

ngat ed sl ender
ynst an obj ect
ing an el ongat ed
face, a tubu Ot At abl e coaxially

d within and near
g ey, sai d shajt

out put end near a

second end of thg £i ng_ody and |nﬂ'#;3gr— s at said output end
for securing a nozz for . rotati-wg;)bh the shaft, axially
spaced bearing s bet\ken said shaft and ‘Eﬁﬁ sing body to 35

rotatably support said shaft coaxially w4
prevent axial noverment of the shaft when\§
axi al forces during spraying,
sai d bearing nmeans and a high
bet ween sai d housi ng body and 40

ousi ng body and to

IS subject to high

a seal ed chanber encl osi ng
si st ant Iggbri can ef or

23 VO 00/ 03811 o
PCT/ US99/ 1 6392 i nput QGean
source to said nozzle 0
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assenbly in sealed relationship with the input end of the shaft,

driving neans fo‘P'or"B’toéﬁlilng said shaft in one direction about said .Iﬁ i
a helically wound coil spring coaxially encircling a portion of saiﬁ# %99/“392
shaft and having one end in driven engagenent 3¢#th a portion of said

shaft- which tends to unwi nd and increase the dianeter of the coil spring
when said one end of the coil spring is driven by the rotary -structure in
sai d one direction, = neans for dbupling<5 second end of said coi

spring to centrifugal wetght 10 negas wherl€Dy the coil spring rotates
said weight neans in sa i recti on about said axis in response
to rotation of the shaft Ny sz one dGkcti on, sai d wei ght means
bei ng centrifugally responghie t NCcreaseqyr ot ati onal shaft speed in
said one direction to fri [ gage an internal 15 cylindrical
surface in the housing gtard novenent of said second

end of the coil spring i N ectigp and increasingly unwi nd
the coil spring so that } creaserm n di aneter and

frictionally engage saif , Ii@@rfﬁhl surface to ret@rd rel ative
rotational novenent ofZsaid shaft wTtThsespect to the housi&& body to 20

limt shaft speed to a desired range. 20. A nozzle assemply accor g
to claim19 wherein the centrifugal wei ght nmeans conprise ever al
el ongat ed wei ght segments havi ng outer curved surfac W t h

the internal cylindrical surface in the housi ng body. 25_;2]__A
nozzl e assenbly according to claim20 wherein the el ongate HNei < \
?s;b to

segnents are collectively encircled at their opposite en  sprif

spring bias the weights toward the axis of rotation of the shaft O
structure. 22. A nozzle assenbly according to cl a¥=n 19| wher ei|n oth"'_‘
the weight 30 neans and the coil spring produce a shaftretardingjdra

when engaged with the internal cylindrical surface i %r housilng dy,
but the shaft ret ing drag inposed by the coil spgé1 g |s at lleast™
several tines greater than the drag produced by thewrei ght neaps when To)
the shaft rotates a\ a desired speed. 35 23. A nozz ssenblly
according to claim2l1 whexgiAts.gonmbi ned® engt hs thelcoi | spring CD
and the wei ght neans i a of the « engt h kg he - —
housi ng body. 24.I5A according to €taim19 rein the

center of the shaft t&&hid in

< 24

coil spring is neg?
di ssipating heat 40 alo
t hrough the shaft.
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W 00/03811
25." A coupl i ngveppassatus for controlling the rel at

between a rotatable first nmenber and a secodd5nenber conpri sing:

for applying torque to said rotatable first nenber
a first
the speed of
second nenber to increase,
rotatable first nenber and

of said rotatable first nenber
force to said second nenber to 10 retard the rotat
first nenber relative to said second menber
including a centrifugal weight nmeans for initially
second nmenber as the rotational speed of said first
to a first speed and a coi
and said centrifugal

coupling neans rot

relative rotation of said first nmenber with respec
to frictionally engage said second nenber upon unw
speed above said first speed a retarding force of

first nenber becones substaﬁffaﬁky:greater-?han"rh%

t he wei ght nmeans on the first ménber ™ id coy
maxi mum rot ati onal speed of theifirst >~ (J(Enher. |
menber to a speed at which the retarding force
and the torque applied by said feans for appl

menber are in equilibrium 25 26. A rotation SH

conpri si ng: a driven rotatabl e menber \whg
within a desired rotationali speed range with g
speed, a relatively stationary nanber\sur
menber, driving means:for providing a kel
for driving 30 said driven nenber relativel to shic
menber, a first energy dissipating nechar
rot ational speed of the dri:ven nenber yel ative
stationary nenber, a decond and : prinary
mechani sm interacting bet ween the two: drivén

| ower torque value and a second hi gher torque value to
rotation of said rotatable first nenber

responsive to increasing rotational
for applying an increasing frictional

PCT/ US99I 11392
i ve rotationalpEHg&feaes

neans

in a range bet ween
5 cause

relative to sai d

atably ‘driven by said
speed

i onal speed of said
sai d coupling neans
engagi ng said

menber I ncreases

spring connected between said first 15 nenber
wei ght nmeans and arranged to be_unwound by

sai d wei ght neans
n@ By whereby at a
h& &oil sprig on said
 etarding force of 20
IpB ng neans limting the
eFative to the second
b of the coupling neans
ing torque to the first
eed control apparatus
se speed is to be kept
| pyactical maxi num
p&ting said driven
eeted anount of ghorque
relatively stationary
i smfor sensing®Pe
to said relatilbly
energy dissipating

and rel atively

stationary nenbers, and 35 : coupl i ng neans |bgt @en said first and
second energy dissipating : : [ 1o

|

l

|

I

A

© © <+ o o
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mechani sms wher eby when said first nechani smsenses a rotational speed

near the | ower VBBl 5i d desired speed range it actuates the s®CHNiBE9/16392
energy di ssipating nechanismto i npose a re%?éding force on the driven
menber and |imt nmaximumdriven nmenbegp rotatinal, speed to said practical
40 speed at which retarding forces f the t mechani sms on the driven

25 menber are in equilibrigmwth and\opposed. to the driving
torque of said driving neans on ' en 7% 27. A
rotational speed control apparatus ' to c\¥ E% ncl udi ng
means defining a seal ed chanber cont hi gh né ure resistant 5
| ubricating liquid in which said are i r % 28. A
rotational speed control apparadus | d erein sai d
first mechanismis a centrifugdfly r 29. A
rotational speed control apparatus | ' erein said
second nechani smincludes a coil sprf rad p e f'gr 10
frictional engagenent with an | y I ace” in said
relatively stationary nenber, ipard c dabl e by
unwi nding in response to actuation of d me I smto engage
said inner cylindrical surface for h ng r oty onal speed of said
rot at abl e nmenber.
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(57) Abstract

A high pressure liquid nozzle housing (10) encloses a self-rotating speed—controlled nozzle (14). A cylindrical sleeve (30) in the
housing (10) forms an inwardly facing friction surface engageable by a nozzle~driven friction generating speed control mechanism to provide
increasing retarding force on the nozzle (14) as nozzle speed increases for controlling maximum nozzle rotational speed. The speed control
mechanism includes a radially expandable helical coil spring (34) rotatable with the nozzle (14) with its windings at Jow nozzle speeds
slightly spaced from the sleeve. An input end of the coil spring (34) is driven by the nozzle structure in a direction tending to unwind the
spring (34) and increase its outer diameter in response to rotation of the nozzle (14). An output end of the coil spring (34) rotatably drives
a cluster of centrifugal weights (35, 36, 37) which are spring biased away from the sleeve (30).




