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NOZZLE FOR ENERGY BEAM SYSTEM 
BACKGROUND OF THE INVENTION 

This invention relates to an improved nozzle for an 
energy beam system such as the system disclosed in my 
U.S. Pat. No. 3,648,015, issued Mar. 7, 1972. In my 
prior U.S. Pat. No. 3,648,015, there is described a sys 
tem for generating a narrow radio frequency electronic 
beam outwardly from a nozzle with the ability to utilize 
this beam (among other purposes) for spraying a pow 
der or aggregate as a coating upon a target. 
While the system including the nozzle described in 

my prior patent operates successfully, I have found that 
better results including better control of the beam may 
be obtained by the improved nozzle of the present in 
vention. 

SUMMARY OF THE INVENTION 
The present invention provides an improved nozzle 

for an energy beam system, the improved nozzle in 
cluding an outer sleeve, an inner sleeve, and a hollow 
electrode secured within the inner sleeve. Both the hoi 
low electrode and the inner sleeve are independently 
telescopically adjustable relative to the outer sleeve. 
The energy system itself includes a radio frequency 

generator having, as its output tank coil, a first hollow 
coiled metal tube, with a second hollow metal tube in 
side the first metal tube. A "mechanical' input is sup 
plied to a high current low voltage point of the tubes in 
the form of a gas (as hereinafter explained); gas is sepa 
rately supplied to each tube. The output of each tube 
is taken at the low current high voltage point and is 
coupled to the nozzle; the outer tube couples gas 
around the electrode (interiorly of the inner sleeve) 
and the inner tube couples gas to the hollow center of 
the electrode. 
A radial plate within the outer sleeve has a plurality 

of apertures therethrough; a central aperture provides 
for the application of the inner tube gas through the 
hollow electrode and the outer apertures provide for 
the application of the outer tube gas within the inner 
sleeve but exteriorly of the electrode. 
The improved nozzle of the present invention pro 

vides for a laminar flow of the gases; the gas around the 
electrode appears as an outer tube or column sheathing 
the energy beam, and the gas through the electrode ap 
pears as an inner tube or column and conducts the en 
ergy beam to the target. Each column of gas, in longitu 
dinal cross-section, appears as laminar flow. The rela 
tive telescopic adjustments of the electrode and the 
inner sleeve relative to the outer sleeve provides for fo 
cusing of the energy beam, and for greater intensity of 
the energy beam with reduced scattering. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The various objects and advantages of the present in 

vention will become more apparent upon reading the 
following detailed description of the invention taken in 
conjunction with the drawings. 

In the drawings, wherein like reference numerals 
identify corresponding parts: 
FIG. 1 is a schematic illustration of the beam system; 
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FIG. 2 is a sectional view of the improved nozzle of 65 
the present invention as seen in the plane of arrows 
2-2 of FIG. 4, connected schematically to the energy 
system; 

2 
FIG. 3 is a perspective illustration of the nozzle of 

FIG. 2; and, 
FIG. 4 is an end view of the nozzle as seen in the 

plane of the arrows 4-4 of FIG. 1. 
DETAILED DESCRIPTION OF THE INVENTION 

The improved nozzle of the present invention is ex 
plained in the context of an energy beam system such 
as that described in my U.S. Pat. No. 3,648,015. The 
aforementioned Patent contains a description of the 
energy beam system and the principles and theories of 
operation, together with various advantages and usages 
of such a system. Therefore, the description in U.S. Pat. 
No. 3,648,015 is hereby incorporated by reference and 
only certain features of the prior patent will be re 
peated here in detail, it being understood that the noz 
zle 10 of the present invention is an improvement over 
the nozzle 18 of the prior patent. 
The improved nozzle 10 of the present invention is 

adapted to be connected to a maximum voltage zero 
current point of a tank coil 12 of a radio frequency gen 
erator 14. The tank coil may be made from hollow cop 
per tubing and includes an internal metal tube 16 ex 
tending through the coils of the outer tube 12. 
A feed or supply line couples gas under pressure to 

both the inner and outer tubes of the tank coil with the 
gas being introduced at a maximum current zero volt 
age point of the tubes 12 and 16. Specifically, gas may 
be provided from two gas supplies 18 and 20 through 
appropriate T fittings 21 and 22 to the coil or tubes 12 
and 16 respectively. One or more powders or aggre 
gates 24, may be coupled through each T fitting for in 
troduction into the respective tubes 12 and 16 by open 
ing one inlet to each T fitting as desired. 

In the operation of the nozzle according to the princi 
ples of the present invention the gas utilized in each 
tube may be air, an inert gas or combination of inert 
gases or even liquids or gases containing some solid 
particles. The specific parameters for the gas will be set 
forth in greater detail hereinafter. However, for the 
purpose of explanation of the present invention the 
word 'gas' will be used generically to include air, inert 
gases, and liquids whether or not they include solid par 
ticles. 
Upon making the appropriate electrical connections 

and turning on the gas as set forth in my prior patent, 
a beam emanates from the nozzle 10 and is directed at 
a target 28. 
The details of the nozzle will now be explained. The 

nozzle includes an outer hollow cylinder or sleeve 30 
having a first end 32 which may be defined as the noz 
zle orifice or opening and a second end 34 which is ulti 
mately coupled to the supply of gas. The hollow sleeve 
30 includes an internal radial plate 36 having a central 
aperture 38 and a plurality of peripheral apertures 40. 
The front or forward portion of the central aperture 38 
is threaded as at 42. 
Telescopically mounted interiorly of the outer sleeve 

30 is a second hollow cylindrical sleeve 50 having a first 
end 52 exteriorly of the sleeve 30 and a second end in 
teriorly of the sleeve. The sleeve 50 has a radially out 
wardly extending plug or stud 54 threaded therein, 
which extends outwardly through a suitable axially 
elongated slot 56 in the wall of the sleeve 30. Move 
ment of the plug or stud 54 relative to the slot 56 serves 
to telescopically position the sleeve 50 within the 
sleeve 30. 
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The nozzle of the present invention includes a hollow 
electrode 60 having a first end or tip 62 and an elon 
gated central hole 64. The rear of the electrode 60 is 
threaded as at 66 into the threads 42 in the centralap 
erture 38 of the plate 36. The electrode is radially 
spaced apart from the inner sleeve 50, as at 68. 
The electrode is further adjustably mounted relative 

to the nozzle through a plurality of threaded holes 70 
in the periphery of the sleeve 30 which extend radially 
inwardly. Fasteners such as set screws 72 threaded in 
the holes 70 serve to frictionally engage and retain the 
electrode 60. Three set screws, each 120° apart are pre 
ferred. The set screws are metallic and conduct the 
radio frequency energy from the tank coil 12 and outer 
sleeve 30 to the electrode 60. 
When the nozzle is connected to the energy system 

of the present invention, the inner tube 16 and its asso 
ciated gas 20 are connected through the central aper 
ture 38 in the radial plate through the hollow portion 
or hole 64 in the electrode 60. The outer tank coil or 
tube. 12 and its associated gas 18 is connected to the 
second end 34 of the outer sleeve so that the gas 18 
may be coupled through the peripheral apertures 40 
and along the exterior of the electrode 60 but interiorly 
of the inner sleeve 50. 
With appropriate adjustments in the gas pressures, it 

has been determined that the desired phenomenon of 
laminar or columnar gas flow is obtained under several 
concurrent conditions. Specifically, the “outer' gas, 
i.e., the gas through the peripheral apertures 40 and 
along the outside of the electrode 60 should be under 
a pressure or flow rate or 5 standard cubic feet per hour 
(SCFH). The interior gas, through the central aperture 
and through the interior of the electrode should be 
under a velocity of 17.5 standard cubic feet per hour 
(SCFH). Another condition is that the tip 62 of the 
electrode should be in the same radial plane as the first 
end 52 of the sleeve 50. Under these conditions, lami 
nar or columnar flow is obtained. Specifically, this lam 
inar or columnar flow results in an energy beam ema 
nating from the hole in the tip of the electrode and 
being conducted by the inner gas to the target 28. 

. The gas coming through the nozzle around the exte 
rior of the electrode 60 sheathes, surrounds or focusses 
the energy beam. From the electrode tip 62 to the tar 
get the gas through the center of the electrode remains 
independent of the gas surrounding the electrode. 
Hence the flow of the gas is referred to as laminar or 
columnar. Each gas maintains its straight or laminar 
flow (in cross-section) or, since each orifice or opening 
is circular, the gases are actually in tubes or hollow col 
umns from the orifice of the nozzle to the target. 
The outer sleeve 30 and inner sleeve 50 may both be 

manufactured of copper or brass. Alternately, the inner 
sleeve may be a ceramic such as boron nitride as sold 
under the name “Combat' by the Carborundum Com 
pany. Optionally, it has been found that both the outer 
sleeve and inner sleeve may be manufactured of stain 
less steel. 
The electrode may be of tungsten or stainless steel or 

preferably of molybdenum. 
With the powder supply turned off through the re 

spective T fittings or valves, the energy beam may be 
utilized for welding, cutting, melting or drilling, etc. 
Once the powders through either or both of the gases 
are turned on, the powder or aggregate material may be 
deposited on to the target and coated or, fused into 
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4 
place. Certain additional features are provided by the 
nozzle of the present invention when the powder is in 
troduced. Specifically, one important feature is that the 
gas rate of flow is not changed by the introduction of 
powder. That is, the rates of flow are maintained con 
stant and not perturbed or obstructed by the introduc 
tion of powder. Thus, the introduction of the powder 
does not adversely affect the laminar flow. The main 
reason is there are no perturbations of the R.F. energy, 
with respect to incident and reflected power, when the 
powder is fed into the beam from the center electrode 
hole. That is, the power does not change. - 

For best operation of the apparatus using the nozzle 
of the present invention, the front face or end 32 of 
sleeve 30, the front end 52 of sleeve 50 and the tip 62 
of the electrode 60 must all be parallel and radial with 
respect to the elongated axis of the nozzle. Further 
more, the tip 62 of the electrode 60 and the front end 
52 of the sleeve 50 must be in the same radial plane. If 
his latter condition is not maintained, the intensity and 
focus of the energy beam is changed from a sharp focus 
at the target to a beam which is focused either short of 
the target or which is a scattered beam as it hits the tar 
get (corresponding to a beam which would focus be 
yond the target). Furthermore, this lack of accurate 
focus upon the target may cause a slight sputtering of 
the electrode tip 62. 
Thus, for best results, the parallel faces of the two 

sleeves and the electrode and the alignment of the 
inner sleeve and the electrode should be maintained. 
To aid in focussing the beam the inner sleeve is tele 
scopically adjustable, by moving the adjusting stud 54. 
The electrode is adjustable telescopically, by the 
threads 66 and threads 42 in the outer sleeve and by the 
set screws. The set screws also serve to center the elec 
trode within the interior of sleeve 50 to maintain the 
space 68 for the outer sheath gas. 
The foregoing is a description of the preferred em 

bodiment of the present invention and should not be 
read in a limiting sense but only as describing the un 
derlying concepts of the present invention. The inven 
tion may be developed further within the scope of the 
following claims. 

I claim: 
1. In an apparatus for generating an energy beam, 

said apparatus including a sine wave generator having 
a tank coil formed of a first hollow electrically conduc 
tive tube and a second hollow electrically conductive 
tube positioned interiorly of said first hollow tube, and 
a system for supplying gas through each of said tubes, 
the improvement of a nozzle adapted to be attached at 
one end of said tubes comprising: 
a first hollow cylindrical sleeve having first and sec 
ond ends and an integral interior radial plate inter 
mediate said first and second ends, said plate hav 
ing at least two axial passages therethrough; 

a second hollow cylindrical sleeve; 
a hollow electrode; 
means for mounting said hollow electrode radially 

interiorly of said first sleeve and in communication 
with said first axial passage for defining a first con 
tinuous flow path through said nozzle from said 
second tube, through a first axial passage in said 
plate and through said electrode; and 

means for mounting said second sleeve radially inter 
mediate said electrode and said first sleeve and in 
communication with said second axial passage for 
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defining a second continuous flow path through 
said nozzle from said first tube, through said sec 
ond axial passage in said plate, and through said 
second sleeve radially exteriorly of said electrode; 

whereby, upon the application of gas through each of 5 
said tubes, a laminar gas flow is produced by said 
nozzle including an inner column of gas emanating 
from said hollow electrode and conducting said en 
ergy beam and an outer column of gas emanating 
between said electrode and said second sleeve and 
surrounding and sheathing said energy beam. 

2. The nozzle as in claim 1 wherein said hollow elec 
trode is axially and radially adjustably mounted interi 
orly of said sleeves. 

3. The nozzle as in claim 1 wherein one end of said 
electrode is threadably mounted within said radial 
plate. 

4. The nozzle as in claim 1 wherein said first sleeve 
includes an axially elongated slot extending radially 
therethrough, and said second sleeve includes means 
extending radially outward therefrom and extending 
through said slot for telescopically adjusting said sec 
ond sleeve interiorly of said first sleeve. 

5. The nozzle as in claim 1 wherein said second 
sleeve and said electrode each extend axially outwardly 
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6 
from said first sleeve and terminate in the same place 
transversely of their axial dimension. 
6. An improved nozzle comprising: 
an outer hollow cylindrical sleeve having first and 
second ends and an integral internal radial plate in 
termediate said ends, said plate having an axial pas 
sage therethrough; 

an elongated hollow electrode; 
means for mounting said electrode radially interiorly 
of said first end of said outer sleeve, said hollow 
electrode being in communication with said axial 
passage for defining a first continuous flow path 
from said second outer sleeve end, through said ra 
dial plate passage and through said hollow elec 
trode, 

an inner hollow tubular sleeve; and 
means for mounting said inner sleeve radially interi 

orly of said outer sleeve and radially exteriorly of 
said electrode, said inner sleeve for defining a sec 
ond continuous flow path through said inner 
sleeve, said second flow path being radially out 
wardly of said first flow path. 

7. The nozzle of claim 6 wherein said inner sleeve 
and said electrode are telescopically mounted. 
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