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@ Nozzie attachment for abrasive fluid-fet cutting systems.

@ The nozzle assembly for use in a fluid-jet cutting
apparatus comprises a body (10) having an internal
mixing region (20), means (14, 23, 15, 17, 27, 21) for
defining a first orifice for directing a high velocity 10
fluid jet along a generally axially extending path and E\
through the mixing region, a conduit (18) in fluid )
communication with the mixing region (20) and 22
adapted to conduit abrasive into the mixing region -
(20) and further comprising a second conduit means
in communication with the mixing region (20) for di-
scharging the abrasive-laden jet along a second gen-
erally axially extending fluid path. The invention pro-
= vides for adjustment means (22) for co-axially align- 14 23
«ing and/or correcting the alignment of the direction 25 - ;—'60 8
of the high velocity fluid jet (26) with the second di-
¢ Scharging conduit means (16). 17— >
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NOZZLE ATTACHMENT FOR ABRASIVE FLUID-JET CUTTING SYSTEMS

This invention relates to a method and appara-
tus for cutting materials by means of a high ve-
locity fiuid jet. More specifically, this invention re-

lates to a method and apparatus for producing a .

fiuid jet which contains abrasive particles.

Cutting by means of a high velocity fluid jet is
well known in the art. One such system is de-
scribed in US-A-4 216 906, the contents of which
are hereby incorporated by reference. Typically, a
fluid, such as water, at pressures up to 3866
kg/cm® (65 000 psi) is forced through an orifice
having a diameter of 76 Lm to 760 um fo generate
a jet having a velocity of up to three times the
speed of sound. The jet thus produced can be
used to cut through a variety of metallic and non-
metallic materials such as steel, aluminum, paper,
rubber, plastics, Kevlar®, graphite and food pro-
ducts.

To enhance the cutting power of the fluid jet,
abrasive materials have been added to the jet
stream to produce a so-called "abrasive waterjet".
The abrasive waterjet is used to effectively cut a
wide variety of materials from exceptionally hard
materials such as tool steel, armor plate, aluminum,
cast iron, certain ceramics and bullet-proof glass to
soft materials such as lead. Typical abrasive ma-
ferials include garnet, silica and aluminum oxide
‘having grit size of #16 or #400.

The abrasive is typically added to the fiuid
downstream from the nozzle opening to minimize
deterioration of the jet-forming nozzie. In practice,
an abrasive waterjet housing containing a mixing
region has been mounted on the fluid jet nozzle so
that the jet passes through the mixing region and
exits from the distal end of the housing. The abra-
sive waterjet housing is frequently referred o as a
"mixing nozzie", and is mounted as an attachment
to the fluid jet nozzle. The fluid jet nozzle is aiso
referred to as the "high-pressure® nozzle.

The abrasive is typically supplied from a near-
by hopper to the mixing region by means of an
abrasive delivery line in fluid communication with
the fluid jet via a conduit in the abrasive waterjet
housing. The abrasive is drawn from the supply
line into the fiuid jet by the Venturi effect of the low
pressure region surrounding the flowing fluid. In
operation, quantities of 0.045 -2.72 kg/min of abra-
sive material have been found fo produce a suit-
able abrasive waterjet for a wide variety of applica-
tions. The abrasive material is accordingly coupled
from the hopper to the mixing region through an
abrasive-controlling valve which reguiates the flow
rate of the abrasive material into the jet.
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After passing the mixing region, the abrasive
waterjet exits from the mixing nozzle through an
outlet passageway. To maximize the life of the
mixing nozzle, it is highly desirable to align the
mixing nozzle and abrasive jet. Unless its internal
fluid path is generally concentric with the abrasive
jet, the mixing nozzle wears out quickly and be-
comes inefficient. Additionally, a non-aligned jet
has reduced cutting capability because a portion of
its energy is dissipated within the mixing nozzle.

Because the fluid path through the abrasive jet
housing is several centimeters long, very minute
alignment errors (e.g., a few um out of perpendicu-
larity) are enough to cause reduced cutting perfor-
mance and premature failure of the mixing nozzle.

Concentricity and alignment has been difficult

to attain for a number of reasons. First, imperfec-

tions in the jewels of the high-pressure nozzles
cause the path of the fluid jet to deviate from
normal by different amounts. Secondly, it is easy to
imprecisely install the jewel within the high-pres-
sure nozzle body, causing further deviation of the
fluid jet from its theoretical path. Additionally, nor-
mal manufaciuring folerances in all components of
abrasive jet nozzle can create slight variations in
the relationships between the fluid jet path and the
path defined by the abrasive jet housing.

In the past, attempts have been made to solve
the alignment problem by making the inside diam-
eter of the mixing nozzle very large with respect to
the fluid jet diameter, thereby reducing the chance
that the jet would impinge on its internal surfaces.

~ Such nozzles have, however, been found to be

inefficient in cutting performance.

It is therefore highly desirable that some form
of adjustment be provided whereby the fluid jet can
be made concentric with the internal fluid path of
the mixing tube. Moreover, the adjustment proce-
dure must be sufficiently rapid and simpie to per-
mit alignment under practical field conditions,
where simplicity and speed are important.

The present invention is directed fo a method
and apparatus providing such an adjustment. Spe-
cifically, a nozzle assembly is described for use in
an abrasive-jet cutiing apparatus of the type includ-
ing a source of high-pressure fluid, a high velocity
nozzle having an orifice through which said fluid is
directed as a high velocity jet, and a conduit for
delivering fiuid from the source to the nozzle.

The improved nozzle assembly comprises a
body having an in ternal mixing region, first orifice-
defining means for directing a high velocity fluid jet
along a generally axially-extending path and
through the mixing region, conduit means in fluid
communication with the mixing region and adapted
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to .conduct abrasive from a source thereof into the
mixing region, second orifice-defining means in fiu-
id communication with the mixing region to receive
the abrasive-laden jet from the mixing region and
for discharging the abrasive-laden jet along a sec-
ond generally axial-extending fiuid path, and adjust-
ment means for coaxially aligning the first and
second orifices.

Because the nozzle assembly can be easily
aligned in the fieid, it may be provided with a
disposable insert defining the output passageway
for the abrasive jet. Since the output passageway is
the component most susceptibie to damage, the
inclusion of the insert in a rapidly alignable nozzle
assembly greatly minimizes "downtime™.

Further details concerning the invention will
become evident in the following description of the
preferred embodiment, of which the following part
is a part.

In the drawing

Fig. 1 is a cross-sectional view, in -
schematic, of an abrasive jet nozzle assembiy con-
structed in accordance with the invention;

Figs. 2 to 4 are sectional views showing
alternative embodiments of abrasive jet nozzle as-
sembilies constructed in accordance with the inven-
tion.

in Fig. 1, the assembly includes a main body
10 having a generally axially extending throughbore
*12. The upper, or proximal, portion of the bore 12
is dimensioned to receive the body 14 of a high-
pressure fluid jet nozzle. The lower, or distal, por-
tion of the bore 12 is dimensioned to receive a
generally tubular insert 16 formed from hard steel
or carbide and of generally annular cross-section.

An abrasive-conducting bore 18 extends gen-
erally radially within the main body 10 to couple a
source of abrasive (not shown) to a mixing region
20 within the bore 12. The mixing region 20 is
located between the distal end of the body nozzle
14 and the proximal end of the insert 16.

The terms "proximal" and "distal” are used
throughout this specification to denote the relation-
ship of specified components with respect to the
direction of fluid flow; i.e., upstream and down-
stream, respectively. Additionally, certain compo-
nents are referred o as being above or below other
components when described with respect to the
draw-ing, although those skilled in the art will rec-
ognize that the illustrated spatial relationship is not
necessary to the practice of the invention.

The nozzle body 14 is heid within the main
body 10 by a pair of opposing set screws 22 which
extend .generally radially through the upper portion
of the main body 10. The leading ends of the
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screws 22 contact the exterior of the nozzle body
14 and, by applying opposing radial forces to the
nozzle 14, prevent the body 14 from moving axially
or rotationally within the main body 10.

The mixing region 20 is sealed from atmo-
sphere by a pair of axially spaced plastic O-rings
24, 42. The proximally located O-ring 24 fits se-
curely around the nozzle body 14 and is ac-
comodated by a circumferential notch formed in
the side wall of bore 12, thereby also restricting
movement of the nozzle when the set screws 22
are loosened. The other O-ring 42 fits securely
around the insert 42 and is itself secured to the
assembly by a nut 30, described below.

The components within the nozzle body 14°
include a jewsl element 15, such as a saphire,
having a central office through which pressurized
fluid is forced to form the waterjet. The jewe! ele-
ment 15 is mounted on a hoider 17. The holder 17
is retained within the nozzie body by a retainer cap
21 threaded onto the distal end of the nozzle body
14. The pressurized fluid is conducted to the proxi-
mal, or upstream, end of the orifice by an internal,
generally axially-extending passageway 23 within
the nozzle body 14. The passageway 23 terminates
at the distal end of the nozzle body, and on the
distal side of the jewel element 15, in a counter
bore 25 shaped as a conical section.

The jewel holder 17 is formed as a conical
section, whose tapered exterior mates with the
complimentary taper of the counterbore 25. The
holder 17 includes an axially extending passage-
way 27 in communication with the holder's proxi-
mal and distal faces. The proximal end of the
holder's passageway is countersunk to hold the
jewel element 15 so that the holder's passageway
27 is aligned with the orifice in the jewel.

In operation, the fluid jet 26 emerges from the
orifice in the high-pressure nozzie body 14 and
travels axially through the mixing region 20 and
through the internal passageway 28 of the insert
16. As the fiuid jet 26 passes through the mixing
region 20, and low pressure region surrounding the
flowing fluid causes abrasive particies form pas-
sageway 18 to become mixed with the fluid jet,
resulting in an abrasive laden jet. Because the
mixing region is sealed from atmosphere by the O-
rings 24, 42, a relatively high vacuum can be
created which is applied essentially only to the
abrasive passageway 18.

The abrasive-laden jet, or simply abrasive jet,
travels axially through the internal passageway 28
of the insert 16 and is discharged at the distal end
of the insert to cut material positioned below the
insert.
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In practice, carbide inserts approximately 50-
100 mm long with a 6.4-12.7 mm outer diameter
can be used. In general, the internal diameter of
the insert is preferably the sum of twice the diam-
eter of the abrasive particle, plus the outer diam-
eter of the fluid jet. When used in conjunction with
a 0.46 mm diameter high-pressure nozzle orifice,
an insert having a 1.27-1.52 mm internal diameter
has been found optimum together with abrasives of
Mesh No. 80-60. When used with a 0.33 mm
diameter high-pressure nozzle orifice, a 1.0-1.25
mm internal diameter insert together with Mesh No.
80 to 150 abrasive is preferred. .

It is highly desirable that the passageway 28 of
the insert 16 be concentric with the waterjet 26 in
order to avoid inpingement of the jet against the
inner wall of the insert 16. There are, however, a
number of sources of alignment error. For example,
non-concentricity of the mating tapered surfaces of
the holder 17 and the nozzie body counterbore can
result in alignment errors. imperfections in the in-
side face 21a of the alignment cap 21 can cause
misaligned seating of the holder 17. Additionaliy,
the jewel holder, or the jewel itself, can be assem-
bied imprecisely, particularly where field replace-
ment is necessary.

The illustrated assembly accordingly provides
for adjustment of the inseri's passageway 28 for
co-axial alignment with the fluid jet 26. An align-
ment nut 30 is accordingly tighten onto a downwar-
dly exiending, generally cylindrical, externally
threaded neck 32 of the main body 10. The nut 30
includes a throughbore 34, the top portion of which
is dimensioned-to circumscribe the neck 32. The
lower portion of the bore 34 is dimensioned to
circumvent the insert 16.

The nut 30 includes three internally threaded,
generally radially extending bores 36 through which
respective screws 38 extend. The leading ends 40
of the screws 38 contact the outer surface of the
insert 16. The screws 38 are preferably spaced
symmetrically about the circumference of the nut
30. The bore 34 is slightly oversized with respect
to the outer diameter of the sleeve so that, by
selectively advancing or withdrawing each of the
leading screw ends 40, the lateral and angular
positions of the insert 16 within the bore 34 can be
adjustably varied. The alignment assembly further
includes means such as O-ring 42 for retaining the
insert within the bore during adjustment of the set
screws. The O-ring 42 is compressed between the
face of the neck 32 and the internal shoulder of the
nut. The O-ring 42 fits tightly about the insert to
provide frictionally-generated resistance against
axial movement against the insert prior o the tight-
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ening of the set screws. The O-ring 42 ist formed
from resiliently compressable material to ac-
comodate lateral movement by the insert in re-
sponse to adjustment of the screws.

Figure 2 is a cross-sectional view in schematic
of an alternative embodiment of the invention,
wherein components similar to those illusirated in
Figure 1 have been designated with corresponding
numerals. In the embodiment of Figure 2, the high-
pressure nozzle body 14' includes a region of
reduced outer diameter 42' adapted for a contact
by the leading edge of the fastening screws 22°
when the nozzle body 14" is within the main body
10.

The waterjet-producing orifice within the high-
pressure nozzle body 14' is angularly adjustable
about a pivot point, preferably located at the center
of the orifice. Accordingly, the insert and mixing
region may be relative ly rotated into correct align-
ment with the orifice of the high-pressure nozzie
body.

Accordingly, the distal face of the high-pres-
sure nozzle body 14' is provided with a generally
spherical shape whose radius of curvature is cen-
tered on the upstream face of the orifice-defining
jewel. The distal face of the nozzle serves as a
"ball of "a ball-and-socket-like” linkage arrange-
ment.

The main body 10 inciudes a guide surface
adapted to interface with the spherical surface.

Figure 3 is a sectional view in schematic of a
third alternative embodiment of the invention, which
includes upper and lower body members 100, 102.
The upper body member 100 inciudes a peripheral
flange-like portion 118 having a plurality of
circumferentially-spaced through-holes 120 com-
municating with the proximal and distal faces 104,
106, respectively, of the peripheral portion 118.

The proximal face 104 of the upper bedy mem-
ber has a generally cylindrical hub 108 which ex-
tends axially in the proximal direction, and through
which a bore 110 is formed. The bore 110 is
internally threaded at its upper portion 112. An
orifice 114 is defined by means such as a jewel
element 116 positioned within the bore 110 ap-
proximately midway along the bore.

The axially distal face 122 of the upper mem-
ber 100 is generally spherical in shape, having a
curvature whose center of rotation is located at the
center of the orifice 114.

The bore 110 forms a fluid passageway which
is coupled at its proximal end 112 to a source of
high-pressure fluid. As the fluid Passes through the
orifice 114, it forms a high-velocity fluid-jet.

The lower body member 102 includes a gen-
erally central, axially-extending throughbore 124.
The throughbore 124 comprises a proximal zone
126 of relatively large diameter, a mid-zone 128 of
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a relatively small diameter, and a distal zone 140 of
intermediate diameter. A spherically concave
shoulder 132 defines the transition between the
proximal zone 126 and the mid-zone 128.

The lower, or distal, portion 130 of the through-
bore 112 is dimensioned to accept a carbide insert
134. The region 130 may be internally threaded to
engage external threads formed on the insert 134,
Alternatively, an alignment mechanism such as col-
lar 30 (Figure 1) may be utilized.

The upper member 100 is assembled onto the
lower member 102 so that the distal portion of the
central hub member 108 fits within the iower mem-
ber 102. The lower member 102 includes an outer
flange-like periphery 136 at its proximal end. Inter-
nally threaded through-holes 138 are circumferen-
tially disposed within the flange-like region 136 so
as to underlie the holes 120 in the upper member
100 when the members 100, 102 are assembled.

Adijusting screws 140 are inserted through the
holes 120 and are threaded into the holes 138.

The flange-like periphery 136 of the upper
member 100 is positioned so that it is axially
spaced from the flange-like periphery of the lower
member 102 when the distal face 122 of the upper
member 100 contacts the guiding surface 132 of
the lower member 102. The spacing between the
opposing flange-like peripheries 104, 136 can be
adjusted by selectively tightening or -loosening
each of the peripherally disposed screws 140.

Referring to Figure 3, it will be clear that the
tightening of the left screw 140 will cause a de-
crease in spacing between the two flanges at the
left and a consequential counterclockwise rotation
of the upper member 100. As the upper member
100 rotates counterclockwise, it pivots on its distal
face 122 causing the orifice 114 to move with
respect to the inner passageway of the insert 134.
By selectively tightening and loosening the set
screws 140, the orifice 114 can be aligned with the
passageway through the bore.

It is advantageous to provide both a lateral
adjustment, such as that illustrated in Figure 1,
together with a rotational adjustment such as that
illustrated in Figure 3 so that the axis 150 of insert
134 can be made concentric with the axis through
the orifice 114.

Figures 4 shows anothér embodiment of the
invention. For brevity, only the difference in align-
ment features will be discussed. The alternative
mixing nozzla 100 comprises an upper body mem-
ber in the form of a cap 102 and a lower body
member 104. The cap 102 includes an upper large
diameter portion having a multi-sided periphery for
enhanced gripability, and a lower smaller diameter
portion 108. The top region of the lower portion
108 is externally threaded at 110, while the lower
region of the lower portion has an arcuate surface
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109 adapted to form the ball in a ball-and-socket
arrangement. The arcuate surface 109 has a center
of rotation generally co-existent with the high-pres-
sure nozzle opening (not shown).

The bottom portion of the attachment 110 in-
cludes a generally annular nui-like member 112
conveniently provided with the same diameter as
the top portion of the cap. The nut-like member
112 is internally threaded in its upper region 113 to
engage the external threads on the cap. The lower
region 114 of the nut-like member 112 is provided
with an interior wall of converging shape which
extends downward from the bottom of the threaded
region of its distal face.

The proximal face 104a of the lower body
member 104 includes a socket-defining central re-
gion formed within a converging, downwardly ex-
tending interior wall 105. The exterior waill 106
circumventing the central region is similarly shaped
and of larger diameter than the internal diameter of
the nut-like member at the member's distal face.
The lower body member 104 is accordingly re-
tained within, but freely movable within, the nut-like
member so that it can be angularly pivoted from
the vertical in all directions with the inner wall 105
of the lower body member 104 engaging the ar-
cuate surface 109 of the upper body member or
cap 102.

Accordingly, the passageway 120 in the lower
body member portion ‘may be angularly pivoted
with respect to the axis 125 through the passage-
way 124 in the cap 102 until the abrasive jet
passageway is aligned with the fluid jet. The cap
102 is then tightened into the nut-like member 112
so that its arcuate surface presses both axially and
radially against the inner wail 105 of the lower body
member preventing relative pivoting of the two
body members.

Claims

1. For use in a fiuid jet cutting apparatus of the
type including a source of high pressure fiuid, a
high velocity nozzle having a nozzle opening (15)
through which said fiuid is directed as a high
velocity fluid cutting jet (26), and a conduit (23) for
delivering fluid from said source to the nozzle
opening, an improved nozzie assembly for produc-
ing an abrasive jet being characterized by: a body
having an internal mixing region (20);
orifice-defining means (14, 17, 25, 21) for directing
a high velocity fluid jet (26) along a generally
axially-extending path and through the mixing re-
gion (20); first conduit means (18) in fluid commu-
nication with the mixing region (20) and ddapted to
conduct abrasive from a source thereof into the
mixing region {20);
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second conduit means (16, 28) in fiuid communica-
tion with the mixing region (20) to receive the
abrasive-laden jet from the mixing region (20) and
for discharging the abrasive-laden jet along a sec-
ond generally axial-extending fluid path; and
adjustment means (22; 102, 112) for co-axially
aligning the orifice and second conduit means (16;
134).

2. The nozzle of Claim 1 including a first noz-
Zle body (14) circumscribing the orifice-defining
means,

a second nozzle body (10) circumscribing the sec-
ond conduit means, and

means for coupling the first and second nozzle
bodies for relative movement to co-axially align the
orifice with the second conduit means (16; 134).

3. The nozzle of Claim 2 wherein one of the
two nozzie bodies is dimensioned so that at least a
portion of it fits within at least a portion of the
other, and the coupling means includes means for
adjusting the lateral position of said one of the
bodies with respect to said other of the bodies.

4. The nozzle of Claim 3 wherein the adjusting
means includes a circumferentially spaced plurality
of adjusting screw means (22) for applying a lat-
erally directed positioning force.

5. The nozzle of Claim 4 wherein the adjusting
screw means includes a plurality of adjusting
screws extending inwardly through the outer nozzie
body (10) to apply an inwardly directed positioning
force against the inner nozzle body.

6. The nozzle of Claim 1, Claim 2 or Claim 5
including a ball-and-socket type linkage means -
(122, 132) for permitting the pivoting of the orifice
about the second conduit means.
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7. The nozzle of Claim 3 including bali-and-
socket linkage means for permitting the pivoting of
the orifice about the second conduit means.

8. The nozzle of Claim 7 wherein the inserted
end portion of said one nozzle body inciudes a
generally convex guide surface (122) adapted to
function as the ball of a ball-and-sockat type link-
age arrangement.

9. The nozzie of Claim 8 wherein said other of
the nozzle bodies-inciudes a second guide surface
(132) adapted io function as the socket of a ball-
and-socket type linkage arrangement, and posi-
tioned to cooperate with the generally convex
guide surface to for the ball-and-socket type link-
age.

10. The nozzle of Claim 8 wherein the gen-
erally convex guide surface has a focus at the
center of the fluid jet orifice.

11. For use in a fluid jet cutting system, a
nozzle assembly being characterized by:
orifice defining means adapted for fiuid commu-
nication with a source of high-pressure fluid;
conduit means in fluid communication with the first
orifice-defining means and adapted for fluid com-
munication with a source of abrasive;

a first flanged body (100) containing the orifice-
defining means;

a second flanged body (102) containing the conduit
means; means for coupling the flanges of the first
and second flanged bodies at adjustably spaced
relationship to align the orifice and conduit means.
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