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1. 

3,251,341 
FLAME SPRAY METALLIZNGAPPARATUS 

William H. Ebern, Jr., East Weymouth, and Joel A. Ham 
ilton, West Medway, Mass., assignors, by mesne assign 
ments, to Narragarasett Capital Corporation, a corpo 
ration of Rhode Island 

Filed Mar. 7, 1963, Ser. No. 263,592 
17 Claims. (C. 118-302) 

This invention relates to flame spray metallizing appara 
tus and particularly to metallizing apparatus including a 
plurality of spray heads. 

Currently available multiple head spray metallizing ap 
paratus is designed and intended for coating objects, 
usually cylindrical or circular which are usually turned 
relative to the spray heads during the coating operation; 
and include complex (electronic) controls for insuring 
uniform coatings. Flame spray metalizing of plane sur 
faces, particularly rectangular surfaces of work which is 
large or difficult to handle, is usually performed manually 
with a single spray head and represents an expensive, 
tedious and time consuming process, with no assurance 
of uniform result. 
An object of the present invention is to provide novel 

and improved multiple head flame spray metallizing ap 
paratus for applying substantially uniform coatings to Sub 
stantially plane surfaces. 
Another object of the invention is to provide apparatus 

of the foregoing type having a simple and inexpensive 
construction which makes complex controls unnecessary, 
and is designed for substantially automatic operation par 
ticularly in a production process in which a succession of 
plane surfaces are metallized rapidly and uniformly in a 
minimum time and at little expense. 
A further object of the invention is to provide flame 

spray metallizing apparatus of the foregoing type having 
a modular design which permits the apparatus to be as 
sembled readily and easily with the number of spray heads 
desired, and with said heads disposed closer together than 
has been possible heretofore, thereby providing uniform 
coating of a desired depth on a rectangular surface in 
a single, rapid operation. 

Other objects of the invention will in part be obvious 
and will in part appear hereinafter. 
The invention accordingly comprises the apparatus pos 

sessing the construction, combination of elements and ar 
rangement of parts which are examplified in the follow 
ing detailed disclosure, and the scope of the application 
of which will be indicated in the claims. 
For a fuller understanding of the nature and objects of 

the invention, reference should be had to the following 
detailed description taken in connection with the accom 
panying drawings wherein: 
FIGURE 1 is a front perspective view of multiple head 

flame spray metallizing apparatus embodying the inven 
tion; 

FIG. 2 is a sectional view of the apparatus taken along 
the line 2-2 of FIGURE 1; 

FIG. 3 is a perspective view, partially in section, of the 
apparatus of FIGURE 1; 
FIG. 4 is a rear elevation view of a portion of the ap 

paratus; 
FIG. 5 is a sectional view taken along the line 5-5 

of FIG. 4; 
FIG. 6 is a fragmentary elevational view of the appara 
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2 
tus; and FIG. 7 is a partially schematic, perspective view 
of the apparatus. 
The fame spray metallizing apparatus of the invention 

is designed for incorporation in automated production ma 
chinery in which a succession of plane (usually) sur 
faces, particularly the surface of rectangular panels, are 
sprayed with metal to form substantially uniform coat 
ings of predetermined thickness thereon. The metal coat 
ings may be applied to cover each surface completely, 
or through a mask or stencil to selected portions of the 
surface in order to protect the surface, achieve a decora 
tive effect or, for example, provide a circuit pattern of 
electrically conductive elements. However, whatever the 
product ultimately produced, it is desirable that the spray 
metallizing operation be performed rapidly, automatically 
and is a single operation, and that there be reasonable 
assurance that uniform metal coatings of predetermined 
thickness will be produced. These requirements indicate 
the use of a multiplicity of spray heads operating in syn 
chronism to deposit equal quantities of metal on equal 
areas of the surface of the work, with the heads being 
arranged adjacent one another so as to deposit metal over 
an aggregate area at least equal to one dimension of the 
surface; and including means for moving, or traversing, 
the plurality of heads together relative to the surface to 
completely coat the entire surface in a single movement 
or traversal. Because the metal deposited by each head 
may vary from a maximum near the center of the area 
(circular or eliptical) of deposit, it is preferable to ar 
range the heads with the centers thereof in a line and 
spaced so that the area of the surface of the work coated 
by each head overlaps adjacent areas, usually by about 
one-third of the area width. 
As previously noted, a need has long existed for multi 

ple head flame spray metallizing apparatus capable of 
depositing continuous, uniform coatings of predetermined 
thickness on generally plane surfaces of workpieces such 
as panels and the like, which are inconvenient or imprac 
tical to move with respect to stationary spray heads, and 
are rectangular rather than circular; and metallizing each 
panel rapidly and in a single operation. Moreover, the 
answer to this need, which is supplied by the present in 
vention, also includes a multiple head flame spray metal 
lizing apparatus which does not require for its operation, 
expensive electrical and electronic controls which here 
tofore have become more complex with each additional 
head. The apparatus of the invention is substantially 
more flexible since the controls for assuring uniform, co 
ordinated operation of the multiple spray heads are sim 
ple, yet reliable, being largely mechanical; and the con 
struction of the apparatus is modular so that any rea 
sonable number of spray heads may be incorporated in 
the apparatus easily and without adding to the complexity 
of the controls involved. Moreover, the spacing between 
spray heads may be varied easily and, more importantly, 
may be substantially less than is possible with existing 
apparatus thereby making multiple overlapping passes 
or traversals by each individual head unnecessary. 
The invention is particularly designed for incorporation 

in automated apparatus for producing printed wiring 
panels in which a succession of panels are conveyed to a 
spray station in which each panel is supported while a 
mask is located over the panel and metal is deposited 
through the mask to form a circuit pattern of conducting 
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elements on the panel. The panels or at least the areas 
thereof to be metallized are preferably rectangular in 
shape so that a plurality of spray heads can be moved 
with respect to the panel to completely coat the desired 
area to the proper depth, preferably in a single move 
ment in one direction or at most, during the return move 
ment of the spray heads to their original position. The 
panels are preferably suspended near their upper edges 
from a conveyor so that the surfaces to be coated are 
substantially vertical. A convenient system for masking 
each panel during metallizing is illustrated in FIG. 6 as 
including an electromagnet 120 behind the panel, desig 
nated 121 and an iron mask 122 which is attracted to 
the panel by the magnet. This system is particularly ad 
vantageous when the panel is of a material which is not 
magnetic, such as a non-ferrous metal or a plastic, as the 
mask and magnet cooperate to assure proper positioning 
of each panel during metallizing. 
The basic components of a flame spray metallizing 

device are a spray head or nozzle for mixing a fuel gas 
with oxygen, burning the mixture to produce a flame for 
melting a metal wire, and directing a propellant gas, such 
as air, so as to atomize the molten metal and propel the 
atomized metal in a spray against the surface being metal 
lized; means for conducting the gases to the spray head; 
and means for feeding the wire to the spray head at a 
predetermined controlled rate. The factors which large 
ly control the amount of metal deposited by a spray head 
include the rate (i.e., pressure) at which the gases are 
supplied to the spray head and the rate at which the wire 
is fed to the spray head, so that when several spray heads 
are employed simultaneously, the gas supply and wire 
feed for the various heads must be substantially uniforn 
if the metal deposited on a surface is to be of uniform 
depth. In addition to these factors, proper spacing of 
the spray heads is important in providing for an over 
lapping of deposits from adjacent spray heads to insure a 
uniform deposit of predetermined depth. Other factors 
such as the particular gas pressures, rate of wire feed, the 
spacing between nozzles and the work surface, and the 
rate of movement of the nozzles with respect to the work 
surface will depend upon the type of metal and the fuel 
gas used, as well as the desired depth of metal deposit. 
However, these latter factors will be substantially the same 
for each of the plurality of nozzles. 
The multiple head flame spray metallizing apparatus of 

the invention is constructed in modular units each includ 
ing a spray head or nozzle and means for supplying the 
three gases to the nozzle at the requisite pressures. Any 
reasonable number of the modular units may be joined 
easily and readily, and these are, in turn, coupled with 
means for feeding wires to the nozzles at the same rate 
and moving the nozzles in unison relative to the work 
surface being metallized. Each modular unit, as shown 
in FIGS. 1 through 3, comprises a manifold block 10 de 
signed to be fabricated inexpensively, for example, by 
casting, and requiring a minimum of comparatively sim 
ple machining operations. Manifold block 10 is in the 
general form of a parallelepipedon and is initially formed, 
as by casting, with three manifold passages designed 12, 
14 and 16 extending through the block from side to side 
thereof and a centerally located bore roughly approxi 
mating bore 18 extending through the block from front 
to rear thereof. 

Manifold passage 12 is located in the upper rear portion 
of the block above bore 18 and manifolds 14 and 6 are 
located in the lower portion of the block with manifold 14 
located to the rear of manifold 16. All three of the 
manifold passages are generally rectangular in cross sec 
tion, the latter being substantially uniform throughout 
the length of each manifold. The manifold block is pro 
vided with a flange 20 at the upper rear corner thereof 
and a flange 22 at the lower rear corner thereof thus pro 
viding for the mounting of the block in a manner to be 
described hereinafter. 
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4. 
Bore 18 is designed to accommodate a flame Spray 

head or nozzle generally designated 24, and manifolds 12, 
14 and 16 are designed to conduct, respectively, OXygen, 
fuel gas, and air for the spray head. The machining 
operations required to complete the fabrication of each 
manifold block are few and are limited, essentially, to 
finishing bore 18 so that it will accept the spray head, 
providing connecting holes or conduits between the mani 
fold passages and bore 18 and drilling holes through the 
flanges for mounting the block and through the block for 
securing the block to another block. Four connecting 
conduits or holes designated 26, 28, 30 and 32 are provided 
for connecting the manifolds with bore 18, hole 26 being 
the rearmost and opening into manifold 14, hole 28 open 
ing into manifold 12, and holes 30 and 32 opening into 
manifold 16. Each of holes 26, 28, 30 and 32 is formed 
simply and easily by drilling from the outside of the 
block, and the holes thus formed between the exterior of 
the block and the manifold passages are tapped and filled 
with threaded plugs 34. A hole 36 is drilled through the 
upper forward portion of the block and another hole 38 
is drilled through the lower medial portion of the block, 
both from side to side of the block, for accommodating 
elongated tie bolts 40 provided to clamp two or more 
manifold blocks together. Gaskets 42, each formed with 
openings corresponding with manifold passages 12, 14 
and 16 and holes 36 and 38 are provided between adja 
cent manifold blocks to prevent gas leakage. 
Spray head or nozzle 24 is of a conventional type, the 

particular head shown by way of example being of the 
type manufactured and sold by Metco, Inc. as a part of 
their Type K metallizing machine. The spray head com 
prises (from rear to front) a wire guide or bushing 44 
secured in a narrow section of bore 18; a so-called siphon 
plug 46 formed with three peripheral gas conducting 
grooves aligned with holes 26, 28 and 30 and separated 
by O rings engaged in grooves in siphon plug 46; a 
threaded insert or nut 48 for retaining the siphon plug 
in place; a flame nozzle 50 engaged in nut 48 in an en 
larged section of bore 18; and an air cap 52 supported by 
a threaded insert 54 in closing relation in the open end of 
bore 18. Wire guide 44, siphon plug 46 and flame nozzle 
50 are each formed with an axial bore 56 having a diam 
eter slightly greater than the diameter of the wire and 
through which the wire is fed forwardly into air cap 52. 
The siphon plug includes radial and axial bores (not 
shown) connected to the grooves for conducting the oXy 
gen and fuel gas to convergent axial bores in the flame 
nozzle to form a flame within the air cap. Other bores 
are provided in the spihon plug for conducting air from 
hole 30 into bore 56 so that the air may circulate around 
the wire within the forward end of the siphon plug and 
the flame nozzle to prevent overheating of the flame noz 
zle. The air cap includes holes for conducting air from 
bore 18 around the forward end of the flame nozzle in 
order to atomize and propel the metal as it is melted by 
the flame within the air cap. 

The several manifold blocks 10 are substantially identi 
cal in construction and are secured together so that the 
manifold passages through the blocks join to form three 
Substantially continuous manifolds for conducting the 
three gases to each of the spray heads as substantially 
the same pressure, the manifolds being of sufficient size to 
insure transmission of the gases without any significant 
drop in pressure between manifold blocks. The modular 
units, each comprising a manifold block and spray head, 
are secured between a pair of end blocks 58 having holes 
aligned with holes 36 and 38 through which tie bolts 40 
pass. One or both of the end blocks is provided with 
passages for conducting oxygen, fuel gas and air to the 
appropriate manifolds, the gases being conducted to the 
end block by such means as flexible hoses 60. 
The apparatus includes a drive and support assembly 

the function of which is to support and move the flane 
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spray heads relative to the work surface to be metallized, 
and feed wires to the flame spray heads at a predeter 
mined rate. This drive and support assembly includes a 
support member designated 62, in the form shown, com 
prising elongated, parallel upper and lower walls 64 and 
66 connected by end walls 68. The support member is 
at least equal in length to the assembly of manifold and 
end blocks, and the manifold blocks are secured to the 
forward edges of upper and lower walls 64 and 66 by 
bolts 70 extending through holes in flanges 20 and 22. 

Support member 62 is mounted for movement, in a 
plane parallel with the plane of the work surface to be 
metallized, on a pair of threaded lead screws 72, in turn 
mounted with their axes in a plane parallel with the 
plane of the work surface and perpendicular to the axes 
of the spray heads. The lead screws are engaged in 
threaded bushings or nuts 74 secured against rotation 
on upper wall 64 near the ends thereof and extend 
through both the upper and lower walls, the lower wall 
being provided with guide bushings (not shown) through 
which the lead screws are free to slide axially. As 
shown in FIG. 7, means such as an electric motor 126 
and a transmission 123 are provided for Totating the lead 
screws simultaneously and at the same speed for mov 
ing the support assembly (up and down). 
Means are provided on the support assembly for feed 

ing and guiding wires to the spray heads at the same 
rate in order to insure uniform metal deposits by the 
spray heads. These means include a pair of feed rolls 
76 and 78 for each spray head mounted in juxtaposition, 
one (78) above the other (76), behind and closely 
adjacent each wire guide 44 with the surface of lower 
feed roll substantially tangent to a wire extending 
through bore 56 of the wire guide. The surfaces of the 
rolls may be knurled or serrated to promote gripping of 
the wire therebetween. Rolls 76 are mounted on and 
keyed to an elongated drive shaft 86 extending longi 
tudinally of the support assembly below the axis of the 
spray heads, parallel with the upper and lower walls of 
the assembly and journalled in supports (not shown) 
mounted on lower wall 6. For rotating the drive shaft, 
there are provided a pinion shaft 82 mounted for rota 
tion with its axis substantially parallel with lead screws 
72 adjacent one of the lead screws, and means such as 
an electric motor 130 for rotating the pinion shaft at 
a predetermined speed. The pinion shaft extends 
through openings on the upper and lower walls of the 
support members and meshes with a spur gear 84 keyed 
to an idler shaft 86 engaged between the upper and 
lower walls with its axis substantially parallel with the 
pinion shaft so that the drive and support assembly is 
free to move up and down with respect to the pinion 
shaft with gear 84 meshed with the pinion shaft. Power 
is transferred from pinion shaft 82 to drive shaft 80 by 
a worm 88 keyed to idler shaft 86 and a worn gear 90 
keyed to drive shaft 80 and meshed with worm 88. 

Each of feed rolls 78 is mounted for rotation on a 
short shaft 92 mounted between a pair of arms 94 at 
the end of a support member 96, in turn pivotally 
mounted near its other end on an elongated Support shaft 
93 extending from end to end of the support assembly. 
Rolls 78 are thus free to move toward and away from 
rolls 76 and are biased toward rolls 76 by coil springs 
100 each engaged between support member 96 and upper 
wall 64. Rolls 78 are driven individually, but in uni 
son, by spur gears 102 each mounted on a shaft 92 to 
gether with a roll 78 and meshed with a similar spur 
gear 104 keyed to drive shaft 80. The teeth on gears 
102 and 104 may be made extra long so that they will 
mesh even though wires of diameters larger than a pre 
determined minimum are employed. A plurality of 
bushings 106 are provided mounted on a support mem 
ber 108 with the bore of each of the bushings aligned 
with the bore of a wire guide 44 for guiding a wire into 
the bite of a pair of feed rolls 76 and 78. An elon 
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6 
gated lever 110 is provided on each support member 96 
to facilitate the rotation (counterclockwise viewing FIG. 
2) of each support member to space feed rolls apart so 
that a wire may be introduced therebetween into guide 44. 
The controls for the flame spray metallizing apparatus 

of the invention are relatively simple, comprising means 
for controlling the pressure of each of the three gases 
(fuel, oxygen and air) supplied to the three manifolds, 
motor 126 for driving lead screws 72 at a predetermined 
speed and motor 130 for driving pinion shaft 82 at a 
predetermined speed. The motors are preferably of the 
variable speed type and means, such as rheostats 132 
and 34 are provided for controlling the speed, respec 
tively, of electric motors 126 and 130. The entire 
assembly including the drives may be mounted so that 
the spacing between the spray heads and the work Sur 
face may be adjusted, but once set, this position remains 
constant through successive metallizing operations. The 
operation of the apparatus is quite simple requiring that 
each spray head or nozzle be lighted with the gas pressure 
sufficient to at least maintain a pilot flame. A work 
piece is positioned in front of the spray assembly with 
an upper or lower edge of the area to be metallized dis 
posed opposite the nozzles. The gas pressures are then 
increased to operative pressure while simultaneously lead 
screws 72 and drive pinion 82 are rotated to feed wire 
to the spray heads and move the spray heads with respect 
to the work surface toward alignment with the opposite 
edge thereof. If metallizing is to be performed in a 
single (preferably downward) traversal of the spray 
heads, the wire feed is discontinued and the gas pres 
sure reduced when coating is complete at the end of the 
traversal, and the direction of rotation of the lead Screws 
is reversed to return the support assembly to its original 
position; or if desired, metallizing of the same or an 
other workpiece may be performed during the return 
movement of the assembly by continuing or recom 
mencing the wire and gas feed. Spraying is preferably 
performed only on the downward traversal, since the 
wires are usually applied in large quantity on Spools 
which, naturally, have considerable mass and resist un 
coiling, so that uncoiling is accomplished during the up 
ward traversal and the uncoiled lengths of wire are fed 
into the spray heads during the downward traversal. 
When it is desired to employ fewer spray heads, tie bolts 
40 are removed, one or more of the end manifold blocks 
are removed from the support assembly, the desired 
number of spray heads is removed, and the tie bolts are 
reassembled to retain the end blocks in place and com 
press the gaskets between adjacent blocks. 

Since certain changes may be made in the above ap 
paratus without departing from the scope of the in 
vention herein involved, it is intended that all matter 
contained in the above description or shown in the ac 
companying drawings shall be interpreted as illustrative 
and not in a limiting Sense. 
What is claimed is: 
1. Multiple head flame spray metallizing apparatus for 

applying a uniform metal coating to a substantially plane 
surface of a workpiece, said apparatus comprising, in 
combination: 

a manifold block formed with three manifolds extend 
ing lengthwise within said block for carrying gases 
under pressure; 

said block being formed with a plurality of transverse 
bores extending therethrough with the axes of said 
bores substantially parallel, and each of said trans 
verse bores connected to said manifolds through con 
necting bores; 

a flame spray head secured in each of said transverse 
bores and including means for mixing a fuel gas 
with oxygen, a combustion chamber for containing 
a flame when the mixture is ignited, said flame being 
adapted to melt a metal wire and means for directing 
a propellant gas so as to atomize the molten metal 
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and propel said molten, atomized metal in a diver 
gent spray from said head against an area of said 
surface of said workpiece; 

means for supporting said workpiece with said surface 
facing said spray heads; 

a drive and support assembly for supporting and mov 
ing said manifold block and said spray heads 
mounted therein relative to said surface, generally 
parallel therewith and transversely of said manifolds; 

wire feeding means mounted on said assembly adjacent 
each of said transverse bores for advancing a wire 
into and through each of said spray heads; and 

a common drive for operating said wire feeding means 
to feed said wires into said spray heads at the same 
rate and thereby insure spraying of substantially the 
same amount of metal by each of said spray heads. 

2. The flame spray metallizing apparatus of claim 1 
in which said manifold block comprises a plurality of 
substantially identical segments each including a section 
of each of said manifolds and one of said transverse 
bores connected to said sections of said manifolds, said 
segments being secured together with said sections in 
alignment. 

3. The flame spray metallizing apparatus of claim 2 in 
which said manifold block includes a pair of end members 
secured to the segments at the ends of said block for clos 
ing the ends of said manifolds, at least one of Said men 
bers including three bores each connected with one of 
said manifolds and with a conduit for conducting a gas 
from said conduit to said manifold. 

4. The flame spray metallizing apparatus of claim 1 

0 
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in which said flame spray heads are positioned for direct 
ing said molten, atomized metal over a linear array of 
substantially identical areas of said surface of said work 
piece, each of said areas overlapping adjacent areas by 
substantially one-half the width thereof. - 

5. The flame spray metallizing apparatus of claim 1 
in which said wire feeding means for each of said spray 
heads is driven from a common drive shaft in turn driven 
by a pinion shaft mounted for rotation with its axis Sub 
stantially parallel with the direction of movement of 
said manifold block relative to said workpiece. 

6. The flame spray metallizing apparatus of claim 5 in 
which said wire feeding means for each of said spray 
heads comprise a driving roll mounted on said common 
drive shaft and a backing roll mounted in juxtaposition 
with said driving roll and resiliently biased toward said 
driving roll to grip a wire therebetween. 

7. The flame spray metallizing apparatus of claim 1 
in which said drive and support assembly includes a Sup 
port member secured to said manifold block; a pair of 
lead screws mounted in spaced relation with their axes 
substantially in a plane parallel with said surface, said 
lead screws being engaged with said support member; 
and means for rotating said lead screws to move said 
support member substantially in said plane. 

8. The flame spray metallizing apparatus of claim 7 
in which said wire feeding means comprise an elongated 
shaft mounted on said support member; a plurality of 
drive rolls mounted on said shaft and each located in 
alignment with an axis of one of said transverse bores; a 
pinion shaft mounted adjacent and in generally parallel 
relation with one of said lead screws and coupled with 
said elongated shaft so as to rotate the latter; means for 
driving said pinion shaft; a plurality of backing rolls each 
mounted for rotation in juxtaposition with one of said 
drive rolls; and means for urging each of said backing 
rolls toward the adjacent drive roll to grip a wire there 
between. 

9. The flame spray metallizing apparatus of claim 1 
in which said common drive includes a variable speed 
motor for feeding said wires, and means for controlling 
the speed of said motor. 

10. The flame spray metallizing apparatus of claim 1 
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8 
in which said drive and support assembly includes a vari 
able speed motor for moving said manifold block rela 
tive to said surface, and means for varying the speed of 
said motor. 

11. Multiple head flame spray metallizing apparatus 
for applying a uniform metal coating to a substantially 
plane surface of a workpiece, said apparatus comprising, 
in combination: 

means for supporting a workpiece in a stationary 
position; 

a Supporting assembly including a support member and 
means for moving said support member in a plane 
substantially parallel with said surface of said work 
piece; 

a manifold block comprising a plurality of similar seg 
ments joined to one another and mounted on said 
support member, each of said segments including 
portions of three manifolds extending lengthwise 
of said block and a transverse bore extending through 
said block with the axis of said bore substantially 
perpendicular to said plane and connected with each 
of said manifolds; 

a flame spray head secured in each of said bores and 
including means for mixing a fuel gas with oxygen, 
a combustion chamber for containing a flame when 
said mixture is ignited, said flame being adapted to 
melt a metal wire extending through said head 
and means for directing a propellant gas so as to 
atomize the molten metal and propel said molten, 
atomized metal in a divergent spray from said head 
against an area of said surface of said workpiece; 

said flame spray heads being arranged for directing 
said molten, atomized metal over a linear array of 
substantially identical areas of said surface, said 
areas being at least contiguous with one another; 

wire feeding means including an elongated drive shaft 
and a plurality of wire feed rolls mounted on said 
shaft, each of said feed rolls being located adjacent 
one of said bores in alignment with said axis thereof 
for engaging and advancing one of said wires into 
and through one of said spray heads; 

an elongated pinion mounted for rotation with its axis 
substantially parallel with the direction of movement 
of said support member and coupled with said drive 
shaft for rotating the latter; and 

drive means for rotating said pinion. 
12. The flame spray metallizing apparatus of claim 11 

in which said workpiece is supported with said surface in 
a substantially vertical plane. 

13. The flame spray metallizing apparatus of claim 11 
in which said means for moving said support member in 
clude a pair of lead screws mounted with their axes 
parallel with each other and said axis of said pinion, 
and thread engaging means mounted near the ends of 
said support member and engaged with the threads of 
said lead screw. 

14. The flame spray metallizing apparatus of claim 11 
in which each of said spray heads is constructed and 
positioned with respect to said means for holding a 
workpiece for directing said molten, atomized metal over 
an area of said surface overlapping adjacent areas by 
approximiately one-half the width thereof. 

15. The flame spray metallizing apparatus of claim 11 
in which each of said segments of said manifold block 
comprises a casting through which holes have been drilled 
substantially perpendicular to said manifolds and the 
axis of said transverse bore to form connecting bores be 
tween said manifolds and said transverse bore, each of 
said holes is drilled through the outer wall of each of 
said manifolds and the holes in said outer walls are closed 
with plugs. 

16. Flame spray metallizing apparatus as defined in 
claim 11 in which end members are secured to the ends 

75 of a plurality of said segments, and at least one of said 
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end members includes conduits for conducting gas to 
each of said manifolds. . 

17. Flame spray metallizing apparatus as defined in 
claim 11 in which each of said segments comprises a 
block mounted on said support member, gaskets are 
provided between adjacent blocks and include openings 
corresponding to said manifolds, and said blocks and 
gaskets are retained together by tie bolts extending 
lengthwise through said manifold blocks and gaskets 
within aligned holes through said blocks and said gaskets. 

5 

10 
References Cited by the Examiner 
UNITED STATES PATENTS 

2,982,480 5/1961 Gilliland et al.-------- 239-84 
FOREIGN PATENTS 

116,152 3/1959 Russia. 
DANIEL BLUM, Primary Examiner. 


