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(57) Abrégée/Abstract:

The powder Injection system Is comprised of a dosing chamber (2) which Is directly supplied by a conventional powder supplier (/)
and communicates with the barrel (1) of the detonation gun through a direct conduit (5). Thus, the pressure wave which
progresses through the barrel (1) enters through the communication conduits (5) and, when reaching the dosing chamber (2), is
subjected to a sudden expansion which stops the powder supply from the continuous supplier (7) and produces the complete
fluidification of the powder contained in the dosing chamber (2). The fluidized powder will then be entrained by suction up to the

barrel (1) where it resides until the pressure wave generated in a new detonation cycle entrains said powder to deposit it to the
surface of the part to be coated.
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(57) Abstract

The powder injection system is com-
prised of a dosing chamber (2) which is di- 7
rectly supplied by a conventional powder
supplier (7) and communicates with the bar-

rel (1) of the detonation gun through a di-
5 /

H

rect conduit (5). Thus, the pressure wave
which progresses through the barrel (1) en-

ters through the communication conduits (5) y f
and, when reaching the dosing chamber (2), 6 = ’
is subjected to a sudden expansion which '/ 4’,
stops the powder supply from the continu- g4 -4
ous supplier (7) and produces the complete = =- o
fluidification of the powder contained in the z "IA
dosing chamber (2). The fluidized powder f '
will then be entrained by suction up to the ’ f
barrel (1) where it resides until the pressure ’ ‘
wave generated in a new detonation cycle / = j
entrains said powder to deposit it to the sur- ’ ,
face of the part to be coated. ] / ;

f
(57) Resumen : ‘

A | |

El sistema de inyeccién de polvo esta
compuesto por una cdmara de dosificacién
(2) alimentada directamente por un alimen-
tador de polvo conventional (7) y comunicada con el cafién (1) de la pistola de detonaci6n a través de un conducto directo (5). De esta forma,
la onda de presién que avanza a través del cafién (1) entra por el conducto de comunicacién (5) y al alcanzar la cdmara de dosificacién (2),
sufre una expansién brusca que interrumpe la alimentacién de polvo desde el alimentador continuo (7) y produce la fluidificacién completa
del polvo contenido en la cdmara de dosificacién (2). El polvo fluidificado ser4 arrastrado por succi6én hasta el cafién (1) donde permanece
hasta que la onda de presién gererada en un nuevo ciclo de detonacién lo arrastre depositdndolo sobre la superficie de la pieza a revestir.
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POWDER INJECTION SYSTEM FOR A DETONATION SPRAY G

DES CRIPTTION

OBJECT OF THE INVENTION

This invention relates to the field of thermal spray
technologies for applying coatings, and in particular to

detonation thermal spray.

The object of the present invention is a powder
injection apparatus which, when incorporated to a
detonation system allows increasing its precision,

reliability, versatility and productivity.

BACKGROUND OF THE INVENTION

At this time, detonation spray technology is mainly used
to apply coatings to workpieces exposed to severe wear,
heat or corrosion and is fundamentally based on using
the kinetic energy produced in the detonation of a
combustible mixture of gases to deposit powdered coating

materials on workpieces.

Coating materials typically used in detonation processes
include powder forms of metals, metal-ceramics and
ceramlcs and are applied to improve resistance to wear,
erosion, corrosion, as thermal insulators and as

electrical insulators or conductors.

AMENDED SHEET
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Spraying by detonation is performed by spray guns which
basically consist of a tubular detonation chamber, with
one end closed and another open, to the latter being
attached an also tubular barrel. A combustion mixture is
injected into the detonation chamber and ignition of the
gas mixture is achieved with a spark plug, causing a
detonation and conseguently a shock or pressure wave
which travels at supersonic speeds inside the chamber
and then inside the barrel until it leaves through the

open end of the barrel.

The coating material powder 1is generally injected into
rhe barrel in front of the propagating shock wave front
and is then carried out to the open end of the barrel

and deposet onto a substrate or workpiece placed in

front of the barrel. The impact of the coating powder
onto the substrate produces a high-density coating with

good adhesive characteristics.

This process 1is repeated cyclically until the part 1is

adequately covered.

Powder feeders commercially available supply a
continuous feeding which makes them adegquate for high-
velocity or plasma spray technologies, since detonation
is a discontinuous process which therefore requires a

discontinuous powder feeding.

On the other hand, feeders used 1n detonation devices

provide discontinuous feeding by using devices  which
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control the amount of powder supplied toc the detonation
barrel in each explosion, but they are always devices
designed specifically for each type of gun, that 1is,
they cannot bé-interchanged for use with other guns or
in other machines which require feeding powder. With
respect to the powder measuring system employed, they

can be classified in two categories:

a) Mechanical: These devices use moving mechanisms
(valves, spindles, gears, etc.) to 1ntroduce
constant guantities of powder in each detonation
cycle. Devices of this type are described for

example in U.S. Patents 3.105.680 and in European

Patent 0 484 533.

These devices have the main advantage of providing

precise measurements but are however of great
complexity (they have many components), their
reliability 1s low since they require periodic
maintenance to maintain the precision of the
measurement and thelr productivity 1s low since

they are limited to low operation freguencies.

b) Pneumatic: These devices use gas pulses
synchronised with the detonation ‘pulses to
introduce the powder cyclically in the detonation
barrel, these pulses sometimes being obtained from
the detonation process 1itself. The elegance and
mechanical simplicity o©of these devices  has

contributed to their wide use despite their
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precision being questioned. There are also numerous

Patent documents such as PCT US Patent 9620129 by

the same authors.

5 These  devices share the characteristic of
incorporating a volume or deposit 1in which a
limited amount of powder is stored, which by
gravity feeds another volume or dosage chamber
which feeds the detonation barrel by a gas impulse.

10 The disadvantage of these systems is their lack of
precision in the amount of powder dosed, mainly due
to their difficulty, over long spray periods, of
keeping stable the volume and/or pressure of the
feeding deposit. This is due to the fact that part

15 of the detonation wave enters the powder feeding
deposit, pressurizing it so that the powder falls
under gravity and due to the pressure existing 1in

the deposit at each time.

20 In addition, since the amount of powder entering
the dosage chamber cannot be perféctly controlléd,
the degree of fluidization produced by the impulse
gas cannot be controlled either, and thus 1t 1is
difficult to know precisely the amount of powder

25 injected into the barrel.

Furthermore, since in these devices feeding from
the deposit to the dosing chamber 1s by gravity,
when the detonation gun, generally handled by an

30 industrial robot, assumes positions 1in which the
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powder deposit 1s not vertical, the powder will
not fall into the dosage chamber continuously, and

thus it is difficult to ensure a constant feeding.

Document GB-A-2 192 815 1is known in prior art,
which describes a detonation coating devide
comprising a barrel open at one end, a gas feeding
system, a blast i1lnitiating assembly and a powder
bath metering unit consisting of a wvertically
oriented bunker changing at i1ts lower part into a
vertical tube under which, inside the barrel, a
horizontal rack 1s located. The barrel i1s oriented
vertically wilth 1ts axils parallel to the axis of
the bunker, whereas the tube 1s connected to the

barrel through the c¢losed butt-end of the latter.

This detonation coating device 1s nos suitable for
providing good coatings with any kind of materials,

but it 1i1s only appropriate for particular coatings.

DESCRIPTION OF THE INVENTION

The present invention fully solves the above
disadvantages by using an injection system which allows
employing a conventional type continuous powder feeder
for feeding a detonation spray system, the powder
injection being performed cyclically, in synchronization

with the gun spray frequency and with great precision in

the powder dosage.

AMENDED SHtET
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The system proposed allows directly connecting the gun
and the continuous powder feeder and consists of a
dosage chamber which receives the continuous powder
feeding and -a vconduit which directly communicates the
chamber with the gun barrel, so that in each detonation
cycle the detonation pressure wave reaches the dosage
chamber, momentarily interrupting the feeding so that
the ensuiling suction of the detonation wave carries the

powder contained 1n the dosage chamber injecting it into

the gun barrel.

With this object the dosage chamber communicates with
the gun barrel by a direct tubular conduit of small
diameter, so that the pressure wave that advances
through the barrel passes to the communication conduit
and on reaching the dosage chamber undergoes a sudden
expansion which fills the chamber with preséurized.gas,
blocking the entry of the powder feeding conduit. In
this way, the feedling of powder from the continuous
feeder 1s cyclically interrupted, and it is therefore
possible to determine the exact amount of powder present

in the dosage chamber at the time of detonation.

The sudden expansion of the gas in the dosage chamber
creates a turbulence which produces the fluidization of

all the powder contained in the dosage chamber so that
the suction process, which follows the detonation,
carries all the powder contained in the chamber, so that
1t 1s possible to control the exact amount of powd'er

injected into the barrel. In addition, as the pressure

AMENDED SHEET



.....

10

15

20

25

30

CA 02325021 2000-07-24

wave 1s composed of hot gases produced in the combustion
process the interaction of these gases with the powder
contained in the dosage chamber produces a preheating of

the powder which favors its fluidization.

In this way, when the pressure wave generated in
the detonation passes the communication conduit of the
dosage chamber, the low pressure gen'erated after the
detonation wave creates a suction which carries the gas
contained 1in the dosage chamber and the fluidized
powder. The powder carried reaches the barrel, where it

remains until the pressure wave generated in the

following detonation cycle carries it, depositing it on

the surface of the part to be coated.

With this injection system the pressure wave from the
detonation is made to perform the injection of powder
into the barrel cyclically and synchronized with the gun
firing frequency, thus transforming a continuous powder
feeding into a pulsed 1injection to the gun barrel

wlithout using complex mechanical devices.

In addition, the expansion created by the dosage chamber
reduces the velocity of the pressure wave preventing it
from erodling the dosage chamber and advancing into the
powder feeder, eliminating the risk of it producing

1rreparable damages to the feeding system.

The dosage chamber presents an elongation or auxiliary

chamber opposite the communication conduit to the
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detonation barrel which is meant to i1ncrease the length of

*

the dosage chamber to reduce the force of the impact and

F F
—

therefore the effects of the erosion produced by the

pre=—

encounter of the gases and the powder 1n this area of the

5 dosage chamber.

The device of the invention presents the following

advantages:

- It favors a cyclical interruption of the feeding by the

| —_—

detonation pressure wave.

F

10 - It favors a preheating and fluidization of the powder by

pr——

its interaction with the hot gases of the combustion.

ﬁ

- It allows feeding a precise amount of powder 1n each

ﬁ

explosion by the suction effect which follows the pressure

wave 1n each detonation.

F

15 According to one aspect of the present inventilion, there 1s

provided a powder injection system for a detonation spray

F

gun of the type comprising a gas supply, an ignition source,

and a barrel, the system comprising: an expansion and dosage

chamber directly fed by a continuous powder feeding device;

20 and means for communicating with the expansion and dosage

chamber and the barrel, the means being disposed so that a

first pressure associated with gases traveling down the

barrel, when reaching the expansion and dosage chamber,

temporarily interrupts powder feeding until a subsequent
25 lower second pressure sucks powder contalned 1n the

expansion and dosage chamber to the barrel.

pr—v

According to another aspect of the present invention, there

is provided a powder 1njection system for a detonation spray

p—

gun of the type comprising a gas supply, an ignition source,

30 and a barrel, the system comprising: an expansion and dosage
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chamber directly fed by a continuous powder feeding device,

wherein the expansion and dosage chamber i1ncorporates an

extension chamber, which increases the length of the
expansion and dosage chamber; a communication condult 1n
communication with the expansion and dosage chamber and the

barrel, wherein the communication condult 1s disposed SO

that a first pressure associated with gases traveling down

the barrel, when reaching the expansion and dosage chamber

temporarily interrupts powder feeding until a subsequent
lower second pressure sucks powder contained 1n the

expansion and dosage chamber to the barrel.

—

According to still another aspect of the present invention,

there is provided a method for introducing powder to a

gr—
p—

detonation spray gun of the type comprising a supply O:

detonation gases, an ignition source, and a barrel having an

open end, the method comprising: feeding the powder 1nto an

expansion and dosage chamber; feeding the detonation gases

to the barrel; i1gniting the detonation gases to produce a

pr—

detonation pulse; passing a portion of the detonation pulse

through a communication condult to the expansion and dosage

chamber; and interrupting the feeding of powder into the
expansion and dosage chamber and drawing the powder from the
expansion and dosage chamber into the barrel with said

*

portion of the detonation pulse.

According to yet another aspect of the present invention,

there is provided a method for i1ntroducing powder to a

- -

detonation spray gun of the type comprising a supply of

detonation gases, an 1gnition source, and a barrel having an

open end, the method comprising: feeding the powder into an

expansion and dosage chamber; feeding the detonation gases
to the barrel; i1gniting the detonation gases to produce a
detonation pulse; passing a portion of the detonation pulse

through a communication condult to the expansion and dosage
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chamber, wherein the communication condult 1s 1n fluid

communication with the expansion and dosage chamber and the

F

barrel, wherein the portion of the detonation pulse 1n the

P
—

expansion and dosage chamber interrupts the feeding of

powder into the expansion and dosage chamber, and drawing

the powder from the expansion and dosage chamber 1nto the

barrel, wherein the feeding 1s solely controlled by the

detonation pulse.

According to a further aspect of the present invention,

there is provided a powder injection system for a detonation

p—

spray gun of the type comprising a gas supply, an ignition

source, and a barrel, the system comprising: an expansion
and dosage chamber directly fed by a continuous powder

feeding device, wherein the expansion and dosage chamber

incorporates an auxiliary chamber, which increases the

length of the expansion and dosage chamber; a communication

R—

conduit in communication with the expansion and dosage

chamber and the barrel, wherein the communication conduit 1s

disposed so that a first pressure associated with gases

traveling down the barrel, when reaching the expansion and

dosage chamber temporarily interrupts powder feeding until a

subsequent lower second pressure sucks powder contained 1n

the expansion and dosage chamber to the barrel.
DESCRIPTION OF THE DRAWINGS

To complement the description being made and i1in order to aid

F p

a better understanding of the characteristics of the

invention, attached to the present descriptive memory and as

an 1ntegral part of the same 1s a set of drawings where with

an i1llustrative and non-limiting nature the following has

been shown:

~

Figure 1 shows a sketch of the powder injection device
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of the invention.

Figure 2 shows an operation sequence of the powder

injection device of the invention.

Figure 3 shows a graph showing the evolution of pressure
at the powder injection point along two firing cycles of

the detonation gun.

Figure 4 shows a sketch of the embodiment with a double

powder injection device.

PREFERRED EMBODIMENT OF THE INVENTION

As shown in figure 1 the system of the invention is a
connection device between a continuous Ifeeding system
and a detonation gun and basically consists of an
expansion and dosage chamber (2) which 1s reached by a
direct conduct (5) by the powder supplied by a
continuous feeding system (7), not shown, the dosatie
chamber (2) being connected to the barrel (1) by a

direct conduit (4).

The dosage chamber (2) is basically an expansion chamber
which communicates with the barrel (1) of the gun
through a direct tubular conduit (4) of reduced
diameter, so that the pressure wave advancing through
the barrel (1) passes to the communication conduit (4)
and reaches the dosage chamber (2). The detonation gases

which reach the dosage chamber (2) undergo a sudden

AMENDED SHITT
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expansion which fills the chamber with gas, blocking the
entry of the powder feeding conduct (5). In this way it
is possible to cyclically interrupt the feeding of
powder from th'e continuous feeder (7) and thus 1t is
5 possible to control the amount of powder dosed 1n the
chamber and consequently the amount of powder injected

to the barrel in each detonation cycle.

The sudden expansion of the gas in the dosage chamber
10 (2) creates a turbulence which produces the fluidization
of all the powder contained in the dosage chamber (2),
so that the suction process which follows the detonation
carries all the powder contained 1in the chamber
injecting it into the barrel (1). The fluidization of
15 the powder contained in the dosage chamber (2) 1s
favored by the fact that the gases of the detcnation

wave are at a high temperature.

In this way, when the pressure wave generated by the
20 detonation passes the communication conduct (4), the low
pressure generated after the detonatioh wave produces a
suction which carries the gas contained in chamber (2)
and the powder included in it which 1s totally
fluidized. The powder is carried to the barrel (1) where
25 it remains until the pressure wave produced 1n a new
detonation c¢ycle carries it, depositing 1t on the

substrate (3) or part to be covered.

In addition, the expansion of gases of the detconation

30 wave inside chamber (2) produces a reduction in their
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velocity, minimizing the erosion effect on the chamber
(2) walls and preventing the pressure wave from

advancing through conduit (5) to the powder feeding

system (7).

Although expansion chamber (2) reduces the speed of the
pressure wave, unavoldably there is interaction between
the gases and the 1nner walls of the chamber in the
area opposite the communication conduit (4) so that the
impact of the pressurized gas and the fluidized powder
against this area would inevitably result in severe
erosion. For this reason, the dosage chamber is provided
with an extension or auxiliary chamber (6) with an inlet
point opposite communication conduit (4) so that the
pressure shock wave expands inside the dosage chamber
(2) and inside the extension (6) avoiding a violent

collision of the shock wave with the walls of chamber

(2) .

The expansion chamber (2) can have any shape or size as
long as the gases which enter it through conduit (4)
undergo a sudden expansion as they enter the chamber.
Communication conduit (4) can also have any length or
diameter as long as it 1s great enough so that the
powder does not adhere to its walls blocking it and so
that the pressure of the detonation wave which travels
through 1t 1s not too large, that is, as long as the
pressure allows fluidization of the powder contained in
the chamber but does not endanger the continuous powder

feeding system nor exhausts the energy available for

AMENDED SHzET
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detonation.

Figure 3 shows a graph with the pressure variations with
time at the powder injection point, where a peak or
sudden pressure increase (D) can be clearly seen,
corresponding to the detonation, followed by a pressure
drop (8) corresponding to the suction following the
detonation, and then remaining more or less constant
until during the following cycle a new pressure peak (D)

occurs, followed by the ensuing suction (S).

Wwith this configuration, as seen 1in figures 2 and 3 the
operation seguence corresponding to a gun operation

cycle with the injector of the invention will be the

following:

- A conventional continuous powder feeding syst'em
(7) supplies powder to the dosage chamber (2) via
a conduit (5). This feeding occurs continuously and
directly, without any valves or closing mechanisms
between the powder feeding system (7) and the

dosage chamber (2).

- When the pressure wave (D) front reaches the
communication opening between conduit (4) and
barrel (1) part of the detonation gases enter

through conduit (4) until they reach the dosage
chamber (2). On reaching 1t these gases undergo a
sudden expansion which fills the dosage chamber

(2) with pressurized gas, blocking entry of powder

AMENDER cusry
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from conduit (5) converting the continuous powder

feeding into a discontinuous filling of the dosage

chamber.”_

- In addition, the sudden expansion of gases
generates a turbulence which causes the
fluidization of all powder contained in the dosage
chamber (2), the fluidization being favored by the

high temperature of the detonation gases.

-Once front (D) of the detonation wave has fully
passed the communication orifice to the conduit
(5), low pressure (S) causes a suction which
carries the gases contained both 1in the dosage
chamber (2) and in conduit (4) and therefore also
the powder contained in the dosage chamber (2). In
this way the powder reaches the barrel, awaiting
the fcllowing pressure front (D) corresponding to
the following detonation, which will carry 1t away
with it. As all the powder contained in the dosage

chamber (2) is fluidized the suction generated by

the pressure wave carries all the powder 1n the

dosage chamber (2) thus obtaining a periodilc and

controlled injection of powder into the barrel.

Finally, figure 4 shows a double device consisting of
two injection systems 1in order to allow feeding of
different types of powders at points axially separated
from the barrel to obtain multiple-layer coatings or

even coatings of gradient composition.

AMENDED SHEET
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CLAIMS:
1. A powder 1njection system for a detonation spray

gun of the type comprising a gas supply, an ignition source,

and a barrel, the system comprising:

an expansion and dosage chamber directly fed by a

continuous powder feeding device; and

means for communicating with the expansion and
dosage chamber and the barrel, the means being disposed so
that a first pressure associated with gases traveling down
the barrel, when reaching the expansion and dosage chamber,
temporarily interrupts powder feeding until a subsequent
lower second pressure sucks powder contained in the

expansion and dosage chamber to the barrel.

2. A powder injection system for a detonation spray
gun as claimed 1in claim 1, wherein the means for
communicating comprises a communication conduit, which has a

reduced diameter so that any gases that advance through the

communication condulit undergo expansion on reaching the

expansion and dosage chamber.

F

3. A powder 1injection system for a detonation spray

gun as claimed in claim 1, wherein the gas supply is a

continuous supply.

4 . ' A powder 1njection system for a detonation spray
gun as c¢laimed 1n claim 1, wherein the means for

communicating comprises a communication conduit, which has a
sufficiently large diameter to prevent powder from adhering

F

to 1nner walls of the communication conduit.

D, A powder injection system for a detonation spray

gun as claimed 1n claim 1, wherein the barrel has an axis
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and the means for communicating comprises a communication

conduit that is disposed radially about the axis.

0. A powder injection system for a detonation spray

gun as claimed in claim 1, wherein the powder feeding device

further comprises a carrier gas supply.

7. A powder injection system for a detonation spray

P

gun of the type comprising a gas supply, an 1lgnition source,

and a barrel, the system comprising:

an expansion and dosage chamber directly fed by a

continuous powder feeding device, whereilin the expansion and

dosage chamber incorporates an extension chamber, which

increases the length of the expansion and dosage chamber;

a communication conduit 1n communication with the

expansion and dosage chamber and the barrel, wherein the

communication conduit 1s disposed so that a first pressure
associated with gases traveling down the barrel, when

reaching the expansion and dosage chamber temporarily

interrupts powder feeding until a subsequent lower second
pressure sucks powder contained i1n the expansion and dosage

chamber to the barrel.

3 . A powder 1injection system for a detonation spray

gun as claimed in claim 7, wherein the extension chamber 1s

in fluid communication with the expansion and dosage chamber

at a polint opposite the communication conduilt.

9. A method for introducling powder to a detonation

spray gun of the type comprising a supply of detonation
gases, an 1lgnition source, and a barrel having an open end,

the method comprising:

feeding the powder 1into an expansion and dosage

chamber;
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feeding the detonation gases to the barrel;

igniting the detonation gases to produce a

detonation pulse;

passing a portion of the detonation pulse through

5 a communication conduit to the expansion and dosage chamber;

and

pr——

interrupting the feeding of powder into the

expansion and dosage chamber and drawing the powder from the

expansion and dosage chamber into the barrel with said

P

10 portion of the detonation pulse.

10. A method for introducing powder to a detonation

spray gun as claimed in claim 9, whereiln the feeding

detonation gases step further comprises feeding the

detonation gases through the communication conduit 1n fluid

15 communication with the barrel.

11. A method for introducing powder to a detonation

spray gun as claimed in claim 9, wherein the feedlng powder

into the expansion and dosage chamber step further comprises

using a powder feeding device to feed the powder into the

20 expansion and dosage chamber.

12. A method for introducing powder to a detonation

spray gun as claimed in claim 9, wherein the feeding powder

into the expansion and dosage chamber step further comprises

uslng a carrlier gas.

25 13. A method for introducing powder to a detonation

S—

spray gun of the type comprising a supply of detonation

gases, an ignition source, and a barrel having an open end,

the method comprising:
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feeding the powder 1nto an expansion and dosage

chamber;

feeding the detonation gases to the barrel;

igniting the detonation gases to produce a

detonation pulse;

passing a portion of the detonation pulse through

a communication condulit to the expansion and dosage chamber,
wherein the communication conduit 1s 1in fluid communication
with the expansion and dosage chamber and the barrel,

F

wherein the portion of the detonation pulse in the expansion

and dosage chamber interrupts the feeding of powder into the

expansion and dosage chamber, and

drawing the powder from the expansion and dosage
chamber into the barrel, wherein the feeding is solely

controlled by the detonation pulse.

14. A method for introducing powder to a detonation

spray gun as claimed 1in claim 13, wherein the interruption

of feeding causes cyclical feeding of the powder to the

expansion and dosage chamber.

15. A method for introducing powder to a detonation
spray gun as claimed 1n clalm 14, wherein the detonating

pulse has a frequency and wherein the cyclical feeding is

synchronized with the frequency.

16. A powder 1njection system for a detonation spray
gun of the type comprising a gas supply, an ignition source,

and a barrel, the system comprising:

an expansion and dosage chamber directly fed by a

continuous powder feeding device, wherein the expansion and
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dosage chamber 1ncorporates an auxililiary chamber, which

fr—

1ncreases the length of the expansion and dosage chamber;

a communication conduit 1n communication with the

expansion and dosage chamber and the barrel, wherein the

communication conduilt 1s disposed so that a first pressure

assoclated with gases traveling down the barrel, when

reaching the expansion and dosage chamber temporarily
interrupts powder feeding until a subsequent lower second
pressure sucks powder contained 1n the expansion and dosage

chamber to the barrel.

17. A powder 1njection system for a detonation spray

gun as claimed in claim 16, wherein the auxiliary chamber is

1n fluid communication with the expansion and dosage chamber

at a point opposite the communication conduit.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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