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My invention relates to metal spray guns and will be fully un- Metal spray guns of the type to which my invention relates
derstood from the following description read in conjunction are devices which operate by continuously feeding a metal rod
with the drawings in which: or wire into a zone in which it is melted and from which this

Fig. 1 is a side view of a metal spray gun constructed in ac-melted metal is sub-divided and propelled by a blast of air or
cordance with my invention. other gas. The rod or wire is fed into the melting zone by knurled

Fig. 2 is a vertical section through the construction shown in burs which press against opposite sides of the wire and are
Fig. 1 on the plane indicated by II-II. driven by a gas turbine operating through reduction gears. The

Fig. 3 is a vertical section through the construction shown in load on the turbine varies from time to time due to changes in the
Fig. 2 on the plane indicated by IlI-1lI. position of the operator, kinks in the wire, etc., and since itis es-

Fig. 4 is a vertical section through the construction shown in sential that the rate of feed of the wire be uniformly maintained,
Fig. 1 on the plane indicated by IV-IV. it is likewise essential that the turbine have a comparatively sta-

Fig. 5 is a vertical section through the construction shown in ple speed of operation, i.e., that its speed be affected as little as
Fig. 1 on the plane indicated by V-V. possible by variations in the load. This may be accomplished by

Fig. 6 is an exploded section through the construction shownappropriate turbine construction.
in Fig. 1 on the plane indicated by VI-VI. In the operation of metal spray guns, it is, however, necessary

Fig. Gais a plan view of the interior of the construction shown  to maintain different rates of feed when spraying different met-
in exploded form in Fig. 6. als; for example, metals, the heats of fusion of which are low,

Fig. 7 is a side view of one element of the gun constructed inmay be fed and sprayed more rapidly than metals with a high
accordance with my invention. heat of fusion and wires of larger diameter are fed and sprayed

Fig. 8 is a view of the construction shown in Fig. 7 at a right more slowly than wires of the same material of smaller diameter.
angle to the showing in Fig. 7. In usual practice an effort is made to approximate proper condi-

Fig. 9 is_a central vertical section parallel to the construction tjgns for the particular metal being sprayed by the provision of
shownin Fig. 1. ) _ _ replaceable gearing designed to permit the gun to be operated at

_ Fig. 101is a vertical section through the construction shown in the desired rate of wire feed while permitting the turbine to op-
Fig. 5 on the plane indicated by X-X. erate within a range of stable operation. Changing the gearing

Fig. 11 is a section on the plane indicated by XI-XIin Fig. 5. inyolves a loss of time and the possibility that metal particles
Fig. 12 is an exploded section through the construction v pe picked up by the gears in handling and interfere with the
shown in Fig. 11 on the plane indicated by XII-XII. operation of the gun. If an effort is made to reduce the turbine
~ Fig. 1ais a perspective view of the plug of the nozzle shown gneeq by throttling the gas the turbine becomes unstable and a
in Fig. 12. _ _ _ uniform wire feed is no longer maintained.
Fig. 13is a fragmentary view of the face of the turbine casing | ,.4ve devised a new metal spray gun in which no change of
a_t the point at Which the nozzle discharges, taken on the line in'gearing is necessary and by means of which it is nevertheless
dlca'_[ed by_XIII-XIII n Fig. 12. - . feasible to maintain two or, in fact, any number of rates of wire
F'g.' 14isa section _throu_gh the showing in Fig. 12 (with _the_ feed within limits practically desirable, shifting from one speed
parts in operating position, i.e., unexploded) on the plane |nd|-to another by simple adjustment and notwithstanding such
cate_d by X_IV-XIV. . - - changes in the rates of feed, maintaining the turbine at all times
Flg. 15isa secthn on the plane |nd|cat(_ad by XI-XI in Fig. 5 in a range of stable operation.
tive embodiment of my invention. total thr_oa_t area of the turbmg nozz_le or nozzles and this may be
Fig. 17 is a corresponding section showing a further altema-d.One within th? scope of my invention, either by means for con-
tive embodiment of my invention. tinuously varying t_he throat area over a pr_edetermlned range or
Fig. 18 is a corresponding section showing a still further al- by means for varying th_e_total throat area in steps. Starting W!th
ternative embodiment of my invention. the jet adjustment_ of minimum area, a reducgd stable operating
speed of the turbine is obtained by increasing the total throat
area of the turbine nozzle or nozzles. As the throat area is in-
*This series of historical patents concerned with thermal spray tech- cré@sed the pressure in the manifold which supplies gas to the
nology has been compiled by C.C. Berndt (SUNY at Stony Brook, nozzle or nozzles decreases so that the turbine speed actually de-
NY) and K.A. Kowalsky (Flame-Spray Industries, Inc., NY). creases without becoming unstable. This reduction in manifold
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pressure may be the result of a restriction intermediate the airferred practice this is controlled by the needle valve which gov-
supply and the jets, but in the preferred construction the rate aerns the air flowing into the manifold. The operator selects that
which the manifold pressure decreases as the nozzle area is iredjustment of the area of the nozzle or nozzles in use which will
creased is determined by control means incorporated in the gumnmaintain the turbine in stable operation at approximately the de-
which may, for example, take the form either of a fixed orifice or sired speed, and then adjusts the needle valve to give the precise
avariable valve between the manifold and the air line. In the pre-rate of wire feed required.
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In accordance with the principle of my invention, where | bustible mixture moves forward through a number of holes to be
provide a turbine nozzle or nozzles, the throat area of which maydischarged through convergent orifi@against the wire. This
be continuously varied, any number of stable operating speedgorms a zone of gases undergoing combustion, whereby the wire
may be obtained by corresponding adjustment of the total throat37 melts as rapidly as it is progressively advanced into the zone,
areain service. Alternatively, | may, in accordance with the prin- for which reason this zone may be hereinafter referred to as a
ciple of my invention, use a number of jets each of fixed throat melting zone. The air from chamidgadvances through the an-
area, and place in service a jet or combination of jets of progresnular spacd0 surrounding burner ti4 and is projected by air
sively greater throat area. nozzle4lin such a way as to sub-divide and propel the molten

For the purpose of illustrating the scope and character of mymetal. The air tig1is threaded to the outer shé&lof the burner
invention, | have hereinafter described a spray gun containingso that the orificd3 defined by conical interior of air tigpl and
certain practical embodiments of the same. Referring to theconical exterior of burner tiB4 may be adjusted with corre-
drawingsl (Fig. 2) indicates the inlet for oxygen or other com- sponding variations in the characteristics of the air blast. When
bustion supporting gag,the inlet for acetylene or other com- a satisfactory adjustment has been made, thE tiplocked in
bustible gas, an8the inlet for air or other gas for use to project position by the lock nut4. It will be noted that the air in passing

the metal spray and drive the turbine. forward from the chamb@i6 goes through the constricted annu-
Each of the said inlets is connected by a suitable fitting andlar spacet5 which exerts a definite control over the volume of
flexible tubing to a source of required gas. When glafvalve air passing. As a result of this constriction and the orifice effect

5'is in the position shown, each of the inlets registers with a cor-thereby created, the adjustment of aidtipnodifies the charac-
responding hole in the plug, these holes being indicated by nu-eristics of the air blast without so great a modification of the
meralsb, 6, and7 respectively. When hand8and plugd are in volume of air passing thereto as would otherwise result, which is

the position shown, oxygen flows through di@into ductl1. decidedly advantageous in the adjustment and operation of the
The combustible gas flows through d@i2to mix with the oxy- gun.

gen in ductll. The air flows through dudt5 into chambef6 The wire37 (Fig. 9) enters the gun through the annular guide
and also flows through the side connecfi@rrontrolled by nee- 50 of hardened material in which is the d&ét The upper and

dle valvel8 into turbine manifoldl9. Openingsb, 6, and7 in lower surfaces of the wire are engaged respectively by the burs

plug4 are so arranged that as har®iigturned from the off po-  52and53.Bur53is carried by shafi4, which shaft is driven by
sition which is at a right angle to the showing in Fig. 2 first some an air turbine through suitable intermediate gearing which will
combustible gas passes into diicand thence to the burner out-  be hereinafter described. Shadt(Fig. 4) also drives the geia

let to enable the burner to be lighted, some air passes simultanen mesh with geas6, which in turn drives the upper bb2. Both
ously into manifoldL9to enable the turbine to come up to speed. gear56 and bur52 are secured to the tubular memb@mhich
Alternatively all the valve passages may be opened but at suclrotates on the spoéB carried by pirb9 (Fig. 4). The screvs9
rates of flow as to establish favorable lighting conditions which is carried by the saddi0 and this saddle is pivotally secured
are different from the conditions obtained when the gun is in op- (Fig. 9) to frame61 of the gun by the hingé2. When cafB5is
eration. This position of the valve is called the lighting position. turned the threaded eré® of the screw67 advances into the
Under former practice a certain degree of experience was necesthreaded membe8 which is a part of framé1 and the spring

sary to enable the operator to turn the hafddethe exact posi- 70 exerts pressure on the sadéle thereby forcing the upper
tion at which the burner may be properly lighted, but with my bur52toward the lower bus3 and thereby causing the burs to
construction this difficulty is eliminated, the wasRér(Fig. 3) engage and advance the wi®. Conversely, when ca@5 is

defines a hol@1 of rectangular cross-section which fits closely turned in the reverse direction, pressure of spriign saddle
the shank?2 (of corresponding section) (Fig. 2) of the pHig 60is released and the burs move freely without engaging and ad-
The washeR0 is formed with the depressi@3 (Fig. 3). This vancing the wire.
washer is spring pressed, and this depression slips onto the head The shaft4 (Fig. 4) which drives bus3is mounted in ball
of pin24when handI@ is in the correct position for lighting the  bearingsrO and71. Bearing70is held in frames1 and bearing
burner. This offers sufficient resistance to indicate to the opera-71is held in the housing2 which is attached to fran@l. The
tor the lighting position. After the burner has been lighted a shaft54is driven by the worm ge&B,which in turn is driven by
slight pressure against han8léorces the depressi@s out of the worm74, carried by the shafs. Shaft75 (Fig. 10) is carried
engagement with the head of the ph A further movement of by ball-bearingg6 and77 mounted in the housin{R. Shaft75
handle8 causes oxygen to flow through dud which estab- is in turn driven through the worm ge& by the worni79.The
lishes a melting flame with the ignited gas and the final move- worm79 (Fig. 5) is integral with sha&0 carried by bearing35
ment of handle to the position shown in Fig. 2 permits air to and86. Bearing85is mounted in housing2 and bearin@®6 is
flow into duct15 and thence into chambé6 to project the mounted in the cap or cove of the turbined 1.
sprayed metal upon the surface to be covered. Turbine 91 (Fig. 5) includes the turbine rotor dru®s se-

The construction of that part of the gun by which the rod or cured to shaf80 by the set scre@6. Details of the blading00
wire is melted and projected will be explained by reference to are apparent from Figs. 7 and 8. As evident from the exploded
Fig. 9. The wire87 moves forward to guidgl and through duct  view (Fig. 6) of the cove®0, this cover includes the mounting
32to the interio33 of the burner tig84. The mixture of air and 101 for the ball-bearindg36 and three ridge402 radially ar-

oxygen move forward through the dudd, which is immedi- ranged about mountintd1 on the interior surface of the cover.
ately behind ducB2 (the arrangement is shown in Fig. 2) and The washer-shaped memi®3is made of fine wire mesh and
into the annular spa@&5. From this annular spa& the com- rests directly upon ridgelD2. The washetl04rests directly on
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the washefl03and is composed of fiber. The fiber washe4 with the inlets to nozzles35and136 so that both nozzles may

defines the perforatiori®5(Fig. 6a). The washer$03and104 be simultaneously in use whereupon a third and still lower stable
are held in contact with each other and with the ridg2by the range of operating speeds will be obtained.
strips 106, which in turn are secured to the ridded? by the A further alternative embodiment of my invention is shown

screws107.One result of this construction is that the exhaust in Fig. 17. This also comprises two nozzles which may be alter-
from the turbine flows through perforatiod€5 in the fiber natively used. Nozzl&40is in communication with manifoltd
washerl04,thence through the openings in the fine screen of through side-armi41 and is controlled by needle vaid?2.
which washerl03 is composed, and thence through exhaust Nozzle143is in communication with manifoltl through side-
ports of the turbin@10,formed in the cove®0 (Fig. 6 and Fig. arml44and is controlled by needle val¥d5.In case the noz-
1) thereby resulting in more quiet operation of the turbine. The zles shown are of the same or substantially the same
strips106form ridges in the space in which the bladed drum of cross-sectional area, a lower stable range of operating speed of
the turbine revolves. These ridges operate to broaden the rangthe turbine is obtained by placing both nozzles simultaneously
of stable operations for any given setting of the turbine nozzlesin communication with the manifold. The nozzles may, how-
by producing turbulent flow of gas within the turbine. ever, be constructed with different cross-sectional areas, in
One nozzle arrangement falling within the purview of my in- which case a lower stable operating speed is obtained by the use
vention is shown in Figs. 11, 12,d,23, and 14. Fig. 11 shows of the nozzle of greater cross-sectional area and a still lower sta-
the facell5which (together with the housirgf) defines the ble range of operating speeds is obtained by the simultaneous
space in which the turbine drum rotates; the drum is not shownuse of both nozzles. Since in this case the amount of gas dis-
to facilitate inspection of the nozzle structure. In this case one in-charged from each jet may be accurately determined by the nee-
dividual nozzlel16is shown which is of variable area. Thisnoz- dle valve controlling it, the use of a restriction or valve
zle is composed of the bat&7and the plug18which is turned controlling the admission of air into the manifd®iis not essen-
within borel17to vary the effective area of the nozzle. The ac- tial although in practical operation it is desirable.
tual form of the delivery openintl9from which the gas is dis- A still further embodiment of my invention is shown in Fig.
charged is shown in Fig. 13, which is a view of the fd&at the 18 in which case the turbine is provided with four separate noz-
point at which the nozzle discharges. It is evident from this that zles, numbered respectivel$0, 151, 152and153.Communi-
approximately half of the bor#l7 is available for discharge. cation of these nozzles with manifdlélis controlled by tubular
Fig. 14 is a section through Fig. 12 on the plane indicated bysection154 of the plugl55in manifold19. The sleeve is pro-
XIV-XIV (with the plug in operative position). By inspection of vided with slots so that nozzliE53 may be placed in service
this figure, it is evident that gas in the spad@® between the alone or nozzld52 may be additionally placed in service or
plug118and the longitudinally extending barri21cannot es- nozzle1l51 may be placed in service in addition to nozA@
cape because this space is capped or covered by the extension afd153or if desired, all four nozzles may be placed in service.
face 115, but that on the contrary, the only opening through In this way any one of four stable ranges of operating speed may
which air may escape is that part of the opedit@which is not be obtained, the speed being inversely related to the number of
occupied by the plugl8and for this reason the actual nozzle in nozzles in operation and to the total cross-sectional area of the
use at any one time may be enlarged or decreased within the limnozzles in operation. It will, of course, be understood that in this
its shown in Fig. 13 by turning the plag8. embodiment of my invention, the nozzles may be constructed
The preferred form of nozzle for practical applications is that with cross-sectional area different from one another so that a
shown in Fig. 15 in which the nozzl80is permanently con-  corresponding control would be obtained by their alternative
nected to the manifoltid while nozzlel31may at any time de-  use and if desired additional ports may be provided in the tubular
sired be additionally connected by turning pliB® so that hole sectionl54so that these nozzles may also be combined with one
133defined by the plug registers with inle84 of nozzlel31.In another in various ways to produce additional ranges of operat-
this case it is evident that when both jets are in operation, the efing speed.
fective nozzle area is greater than with either jet individually, = The foregoing description is furnished by way of illustration
and in this case two stable ranges of operation may be obtaineand not of limitation and it is, therefore, my intention that the in-
by using either jet30alone or by the combined use of j280 vention be limited only by the appended claims or their equiva-
and131.As hereinbefore pointed out, a slower stable range of lents wherein | have attempted to claim broadly all inherent
operating speeds is obtained by increasing the effective nozzlenovelty.

area. | claim:
A further alternative form of construction is that shown in 1. In a metal spray gun of the molten metal gas blast type
Fig. 16 in which case | have shown two nozzl&§ and136, having an inlet for compressed gas and turbine actuated means

which may be alternatively brought into communication with for progressively advancing metal into a melting zone and in-
the manifoldLl9 by turning the plug37so that holes in the tubu-  cluding in said turbine a rotor drum and nozzle means positioned
lar portion138of the plug register with either inlet to nozz&5 to direct a blast of gas against the blading of said rotor drum, the
or inlet to nozzlel36. In this case it will, of course, be under- improvement comprising a manifold in communication with
stood that the nozzles are of different cross-sectional areas andaid nozzle means, means for varying the area of the nozzle
are, therefore, of different effective discharge areas and that theneans in use and pressure reduction means between said inlet
lower stable range of operating speeds is obtained by the use ofnd said manifold.

the jet of greater discharge area. The tubular set88may in 2. The improvement in a metal spray gun according to
addition carry another set of holes simultaneously registeringclaim 1 in which said turbine comprises in addition at least one
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gas baffle within the same positioned to produce turbulent flow for progressively advancing metal into a melting zone and in-
of gas therein in air frictional engagement with said rotor drum. cluding in said turbine a rotor drum and nozzle means positioned
3. In a metal spray gun of the molten metal gas blast typeto direct a blast of gas against the blading of said rotor drum, the
having an inlet for compressed gas and turbine actuated meansnprovement comprising means including at least one station
for progressively advancing metal into a melting zone and in- stationary internal projection positioned to produce turbulent
cluding in said turbine a rotor drum and a nozzle positioned to flow of gas therein in air frictional engagement with said rotor
direct a blast of gas against the blading of said rotor drum, thedrum.
improvement comprising a manifold in communication with 12. In a metal spray gun of the type including means for
said nozzle, means for varying the cross-sectional area of saidnaintaining a melting zone, means for directing a blast of gas
nozzle and pressure reduction means between said inlet and samlyainst metal which has been melted in said zone adapted to sub-
manifold. divide and convey such melted metal, a control cock for gases
4. The improvement in a metal spray gun according to required in the operation of said gun, said control cock including
claim 3 in which said turbine comprises in addition at least one a housing defining multiple inlets and corresponding outlets,
gas baffle within the same positioned to produce turbulent flow and including a handle operated plug defining at least three pas-
of gas therein in air frictional engagement with said rotor drum. sages, each of said passages controlling flow through one of said
5. In a metal spray gun of the molten metal gas blast typeinlets and the corresponding outlets, at least one of said passages
having an inlet for compressed gas and turbine actuated meandefining a port for combustible gas, at least one other a port for
for progressively advancing metal into a melting zone and in- oxygen and at least one-third a port for a compressed non-com-
cluding in said turbine a rotor drum and a plurality of nozzles po- bustible gas, the improvement comprising gas bleeding means
sitioned to direct a blast of gas against the blading of said rotorwithin said housing positioned to bring into communication said
drum, the improvement comprising a manifold in communica- combustible gas inlet and outletin advance of the registry of said
tion with said nozzles, means for varying the average area of theport for combustible gas with its inlet and outlet in substantially
nozzles in use and pressure reduction means between said inléighting position, and a detent positioned to arrest the motion of
and said manifold. said plug when said bleeding means are in said lighting position.
6. In a metal spray gun of the molten metal gas blast type 13. In a metal spray gun of the type including means for
having an inlet for compressed gas and turbine actuated meansiaintaining a melting zone, means for directing a blast of gas
for progressively advancing metal into a melting zone and in- against metal which has been melted in said zone adapted to sub-
cluding in said turbine a rotor drum and nozzle means positioneddivide and convey such melted metal, a control cock for gases
to direct a blast of gas against the blading of said rotor drum, therequired in the operation of said gun, said control cock including
improvement comprising a manifold in communication with a housing defining multiple inlets and corresponding outlets,
said nozzles, means for varying the number of nozzles in use andnd including a handle operated plug defining at least three pas-
pressure reduction means between said inlet and said manifoldsages, each of said passages controlling flow through one of said
7. The improvement in a metal spray gun according to inlets and the corresponding outlet, at least one of said passages
claim 6 in which said turbine comprises in addition at least one defining a port for combustible gas, at least one other a port for
gas baffle within the same positioned to produce turbulent flow oxygen and at least one-third a port for a compressed non-com-
of gas therein in air frictional engagement with said rotor drum. bustible gas, the improvement comprising the first gas bleeding
8. In a metal spray gun of the molten metal gas blast typemeans within said housing positioned to bring into communica-
having an inlet for compressed gas and turbine actuated meanton said combustible gas inlet and outlet in advance of the reg-
for progressively advancing metal into a melting zone and in- istry of said port for combustible gas with its inlet and outlet in
cluding in said turbine a rotor drum and a number of nozzles of substantially lighting position, second gas bleeding means
different cross-sectional areas positioned to direct a blast of gasvithin said housing positioned to bring into communication said
against the blading of said rotor drum, the improvement com- compressed non-combustible gas inlet and outlet in advance of
prising a manifold in communication with said nozzles, means the registry of said port for compressed non-combustible gas
for selectively placing a part of said nozzles in use, and pressureavith its inlet and outlet in substantially lighting position and a
reduction means between said inlet and said manifold. detent positioned to arrest the motion of said plug when said first
9. The improvement in a metal spray gun according to and said second bleeding means are in said lighting position.
claim 8 in which said turbine comprises in addition at leastone  14. In a metal spray gun of the type including means for
gas baffle within the same positioned to produce turbulent flow maintaining a melting zone, means for directing a blast of gas
of gas therein in air frictional engagement with said rotor drum. against metal which has been melted in said zone adapted to sub-
10. In a metal spray gun of the molten metal gas blast typedivide and convey such melted metal, a control cock for gases
having an inlet for compressed gas and turbine actuated meansequired in the operation of said gun, said control cock including
for progressively advancing metal into a melting zone and in- a housing defining multiple inlets and corresponding outlets,
cluding in said turbine a rotor drum and nozzle means positionedand including a handle operated plug defining at least three pas-
to direct a blast of gas against the blading of said rotor drum, thesages, each of said passages controlling flow through one of said
improvement comprising means including at least one gas baffleinlets and the corresponding outlet, at least one of said passages
in said turbine positioned to produce turbulent flow of gas defining a port for combustible gas, at least one other a port for
therein in air frictional engagement with said rotor drum. oxygen and at least one-third a port for a compressed non-com-
11. In a metal spray gun of the molten metal gas blast typebustible gas, the improvement comprising first gas bleeding
having an inlet for compressed gas and turbine actuated meansieans within said housing positioned to bring into communica-
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tion said compressed non-combustible gas inlet and outlet in adhousing positioned to bring into communication said oxygen
vance of the registry of said port for compressed non-combusti-gas inlet and outlet in advance of the registry of said port for oxy-
ble gas with its inlet and outlet in substantially lighting position, gen with its inlet and outlet in substantially lighting position and
second gas bleeding means within said housing positioned toa detent positioned to arrest the motion of said plug when all of
bring into communication said compressed non-combustible said bleeding means are in said lighting position.

gas inlet and outlet in advance of the registry of said port for

compressed non-combustible gas with its inlet and outlet in sub-

stantially lighting position, third bleeding means within said Herbert S. Ingham
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