2,950,867

2 Sheets~Sheet 1

G. P. HAWLEY ETAL
PULSE POWDER FEED FOR DETONATION WAVES

Aug. 30, 1960

Filed May 25, 1959

L 4 L) Y %
e N‘ @ / mcl.__m ;
(oNIsINd HLIM) (oNISINd LNOHLIM ) 622 3%
FroN £
WO O
13Y8vE - 13YYve z-=NE
~ NND NNO W N
ndoMm / JHOM mrm._
ONILVOD (8) ONILYOD (v) Ciar
>
, far]
g \%m. . .
Trmw s :. = &=
- 27 aNoo mmo\son_/,% wasN3dsia [
4 rr— ¥3aMOd
_u\_ﬂ_.m \ém N8| avorvuaia N
. riu*. - : ! n r ',
“\ L7 4 Q%lﬁ ~—  301A3a w 4
7 65> ONISINd H3AMOd.
m 1102 \wwﬂ :__ 7%
\ = .
4 T wuvas 1nods ,\mm. I _ w&
- !
o vE )
ONISNOH.
_ G& P
it :
0§ ~~ ¥3ddOH ¥3aMod
J & YOLVHEIA YIJJOH
) L
3 3




Aug. 30, 1960 G. P. HAWLEY ET AL 2,950,867
PULSE POWDER FEED FOR DETONATION WAVES
Filed May 25, 1859 2 Sheets-Sheet 2

- >
Y. 3. i\

_ 60
59
| \\
N ::ﬁf/ 0K 57
54 I
56

N2 5‘2
ST T } S
Ny 50 &?%

+
Powder ()

INVENTORS
ORGE P. HAWLEY
WIS M.COWDEN

b o frene)

ATTORNEY



Inited

States Patent O

2,950,867

Patented Aug. 30, 1960

1ce

2,950,867
" PULSE POWDER FEED FOR DETONATION WAVES
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9 Claims. (CL 239—13)

This invention relates to pulse powder feed for detona-
tion waves, and constitutes an improvement upon the sub-
ject of Poorman et al. Patent No. 2,714,563, the entire
disclosure of which by this reference is hereby incor-
porated into this application.

The main object of the present invention is to provide
method and apparatus for conveying powdered coating
material from a dispenser to the barrel of the detonation
gun in the form of pulses timed with the cycle of opera-
tion.

With this pulse powder feed less powder is wasted, and
the position of the powder in the barrel of the gun at the
time of the detonation is controlled, thus giving greater
control over the coating process. This pulse powder
feed also makes possible the application of other coating
materials with different melting temperatures by changing
the position of the powder in the barrel at the timeof
the detonation. This changes both the length of time
heat is applied to the particles and the velocity with which
the particles strike the base metal. ‘

The accurate metering and injection of powder in sub-
stantially equal pulses at the same point in each succes-
sive cycle eliminates some variables encountered in the
detonation gun process and results in greater control over
the process.

In the drawings:

Fig. 1 is a vertical sectional diagram of a modified form
of apparatus according to, and for carrying out the
method of, the present invention;

Fig. 2 is a diagrammatic comparison of the effect of
pulsing on the coating; and

Fig. 3 is a vertical sectional diagram of the preferred
form of method and apparatus for supplymo the pulsed
powder to the system shown in Fig. 1.

As shown in Fig. 1, a combustible gas such as acetylene
is supplied through a pipe 19, and an oxidizing gas such
as air is supplied through a pipe 11, to a mixing chamber
12 where they form a detonatable gaseous charge mixture.
The chamber 12 also constitutes an ignition chamber, pro-
vided with a spark plug 15. Sparking of the plug 15
ignites the charge, leading to the formation of a detona-
tion wave which travels through a barrel 16 of the gun
and out its open end. The firing of the spark plug 15 is
accomplished by a spark coil 17, battery 18, and cam
operated switch 19. The frequency of firing is regulated
by a variable speed motor 28 which drives the cam of
the switch 19.

To provide positive closure between the ignition cham-
ber and the gas supply, poppet valves 25 are operated by
the motor 20 and cam 27 to obtain the desired frequency
of opening and closing the valves. A powder tube 28 is
shown between the ignition chamber 12 and the open end
of the gun barrel 16. The powder is supplied from a
powder hopper 30 mounted in a housing 32 and provided
with a hopper vibrator 33. The hopper 30 delivers the
powder through a partition 34 to a vibratory dispenser
35 in the lower chamber of the housing 32 which is sup-
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36. The dispenser 35 delivers the powder through a
spout 37 to the powder pulsing device.

The powder pulsing device consists of a small trough
38, the bottom of which is a sliding trap door 39. The
door 39 is actuated by an electric solenoid 4%, which in
turn is energized through a cam operated microswitch 42. -
For operating this switch, a cam 43 is mounted on the
same shafts as cam 27 and the cam for switch 19. Once

- each cycle the trap door 39 slides open and closed, drop-
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plied with an inert gas such as nitrogen through an inlet

ping the powder that has collected into the powder cone
44, which delivers it into the powder tube 28, where it
is carried to the open barrel by the carrier gas.

In this form of powder pulsing apparatus, rather violent
pressure attained in the detonation gun at time of ignition
can travel back through the powder feed tube and blow
the powder from the pulser, thus destroying all effects
gained by the pulse.

To prevent the back surge from reaching the dispenser,
an electric solenoid valve 45 is mounted in the powder
tube between the housing 32 and the gun. This valve is
actuated by a microswitch 46 operated by the same cam
43 as the microswitch 42. Switch 46 is coordinated with
the cam to close the valve 45 just prior to the spark, and
to open it soon after the detonation has occurred.

As disclosed in the above-mentioned Patent 2,714,563,
the preferred method of operating a detonation gun is
to purge the barrel with gas such as nitrogen after each
detonation and prior to the introduction of the deto-
natable fuel-oxidant mixture for the next detonation. The
powder pulsing device 39 is thus timed to inject powder
into tube 28 in such fashion that the powder arrives in
the barrel 16 subsequent to the purging portion of the
cycle and prior to the firing of spark-plug 15. . Any
powder introduced subsequent to the ignition will not be
desirably heated and propelled by the detonation wave
and accompanying hot gases against a workpiece to form
a coating. This powder will simply pass through the
barrel along with the purge gas stream and be wasted.

The preferred method and apparatus for pulse powder
feed to a detonation gas is shown in Fig. 3. The powder
is entrained in a stream of carrier gas such as nitrogen
and supplied at constant velocity through a tube 50. A
stream of nitrogen at substantially the same velocity is
supplied through a parallel tube 52. The entrance ends
of these tubes are mounted pivotally and gas tightly in
a housing 54 by means of a support 55. The outlet ends
of these tubes are carried by a connecting rod 56 recip-
rocably and gas tightly supported by a diaphragm 57 in
the top of the housing 54. The connecting rod 56 is
actuated by a follower 58 engaging cam 5% duven by a
belt 66 from the shaft of motor 20.

The cam 59 moves the connecting rod 56 at regular
intervals. The open ends of the tubes 58 and 52 alter-
nately register with the inlet end of the powder introduc-
tion pipe 28. Thus the flow of powder in substantially
equal pulses into the gun barrel 16 is controlled in regu-
larly spaced intervals. The device is so timed that the
powder flows into the gun barrel only during the time or
a portion of the time when fuel gas is also flowing into
the gun barrel. When the barrel is being purged with
nitrogen, the continuing powder flow is collected in the
hopper bottom of the housing 54.

The fraction of the operating cycle during which the
powder enters the gun barrel is called the length of the
pulse. This pulse length is conveniently expressed in
degrees of operating cam angle, the total angle from one
ignition to the next being 360°. Fuel gas is usually in-
troduced to the barrel for 270° of the operating cycle and
the powder pulse is introduced during the fuel injection
portion of the cycle. It has been found that the powder
pulse length should be a maximum of 200° or 54 of the
operating cycle. It has also been found that the length
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of the powder pulse tends to increase as it passes through
the powder tube 28. This powder feed tube must there-
fore be of relatively short length in order to maintain the
desired pulse lengths.

EXAMPLE
Detonation gun plating employing powder pulsing

A powder pulsing feed apparatus of the type shown in
Fig. 3 was operated in the following manner. Finely
divided (mostly 10 to 40 microns particle size) cast
tungsten carbide composition containing, apart from the
tupgsten, about 9% cobalt and 4% carbon, was fed at a
rate of about 8%% Ibs. per hour into a nitrogen gas stream
of 0.2 c.fm. and then passed continuously into powder
tube 50. Nitrogen gas at 0.4 c.f.m. was also passed con-
tinnously into tube 52. ~Tubes 56 and 52 were alter-
nately passed into axial alignment with feed tube 28
connected to a detonation gun so as to provide about four
powder feed pulses per second. The powder which flowed
through tube 50 during the non-plating part of the cycle
was collected and amounted to 40% of the total powder
dispensed. This raised the efficiency of the resulting plat-
ing operation by 40%. The accompanying detonation
gun was operated at acetylene and oxygen feed rates of
about 2% c.f.m. each. The ignition rate of the gun was
about four times per second. A smooth, dense, adherent
layer of tungsten carbide composition about 0.06 @nch
thick was deposited at a rate of about one square inch
per minute on a steel surface placed about three inches
from the open end of the gun. .

This application is a continuation in part of applica-
tion Serial No. 602,582, filed August 7, 1956, now
abandoned.

What is claimed is:

1. In a method for utilizing detonation waves to act
upon a comminuted solid material which comprises in-
treducing a detonatable mixture of combustible gas and
oxidizing gas to an elongated confined path having an
open end; introducing a comminuted solid material to the
detonatable mixture in said barrel, igniting said deto-
natable mixture to produce a detonation therein and there-
by transmit to said comminuted material some of the
energy of said detonation to eject said comminuted mate-
rial at high velocity from the open end of said path; and
repeating these process steps in cyelical operation; the
improvement which comprises introducing the commi-
nuted solid material under pressure to the detomatable
mixturs in a controlled pulse timed with the cycle of op-
eration, such comminuted material pulse being complete-
ly introduced prior to ignition of such detonatable mix-
ture, whereby less commimuted material is wasted and
greater control over the process is obtained.

2. In a method for utilizing detenation waves to act
upon a comminuted solid material which comprises in-
troducing a detonatable mixture of combustible gas and
oxidizing gas to an elongated confined path having an
open end; introducing a comminuted solid material under
pressure to the detonatable mixture in said path; igniting
said detonatable mixture to produce a detonation therein
and thereby transmit to said comminuted material some
of the energy of said detonation to eject said comminuted
material at high velocity from the open end of said path;
and repeating these process steps in cyclical operation;
the improvement which comprises introducing the com-
minuted solid material by a stream of inert carrier gas
to the detonatable mixture under pressure in a controlled
pulse timed with the cycle of operation, such comminuted
material pulse being completely introduced prior to igni-
tion of such detonatable mixture and continuing for a
maximum of 3% of the total operating cycle, whereby less
comminuted material is wasted and greater control over
the process is obtained.

3. In a method for utilizing detonation waves to act
upon a comminuted solid material which comprises in-
troducing a detonatable mixture of combustible gas and
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oxidizing gas to an elongated confined path having an
open end; introducing a comminuted solid material to the
detonatable mixture in said path; igniting said detonatable
mixture to produce a detonation therein and thereby trans-
mit to said comminuted material some of the energy of
said detonation to eject said comminuted material at high
velocity from the open end of said path; purging the
barrel of combustion gases with a stream of inert gas;
and then repeating these process steps in cyclical opera-
tion;. the improvement which comprises introducing the
comminuted solid material by a stream of nitrogen gas
under pressure to the detonatable mixture in a controlled
pulse timed with the cycle of operation, such comminuted
material pulse being completely introduced subsequent to
the purging portion of the previous cycle and prior to the
ignition of the detomatable mixture, whereby less com-
minuted maierial is wasted and greater control over the
process is obtained.

4. In a method for intermittently utilizing detonation
waves to act upon a comminuted solid material which
comprises infroducing a detonatable mixture of combus-
tible gas and oxidizing gas to a detonation zone in an
elongated cylindrical path having an open end; introduc-
ing a comminuted solid material to the detonatable mix-
ture in said barrel; igniting said detonatable mixture to
produce a detonation therein and thereby transmit to said
comminuted material some of the energy of said detona-
tion to eject said comminuted material at high velocity
from the open end of said path; and repeating these
process steps in cyclical operation; the improvement
which comprises introducing the comminuted solid mate-
rial to the detonatable mixture contained within a detona-
tion zone in a controlled pulse timed with the cycle of
operation, such comminuted material pulse being formed
and completely intreduced prior to ignition of the deto-
natable mixture by passing a pressurized stream of said
comminuted material entrained in an inert gas axially
into said cylindrical path containing a detonatable mix-
ture and then periodically and controllably deflecting the
comminuted material stream for collection of the unused
comminuted material subsequent to the ignition of the
detonatable mixture while continuing to introduce inert

" gas into said detonation zone.
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5. Apparatus for supplying comminuted sclid material
in contrelled pulses to an elongated barrel for utilizing
detonation waves to act upon the comminuted material,
which comprises in combination an inlet conduit to the
detonation barrel; a first conduit for supplying purge
gas to the inlet conduit; a second conduit for supplying
comminuted solid material suspended in a carrier gas fo
the inlet conduit; and means connected to the first and
second conduits for alternately registering these conduits
with the inlet conduit so as to produce altermate con-
trolled pulses of purge gas and suspended comminuted
solid material in the inlet conduit, such pulses being in
timed sequential relation to the operating cycle of the
detonation device.

6. Apparatus for supplying comminuted solid material
in controlled pulses to a barrel for utilizing detonation
waves to act upon the comminuted material, which com-
prises in combination a comminuted material collecting
chamber with an outlet for removing comminuted mate-
rial therefrom; an inlet conduit to the detonation barrel,
such inlet conduit gas-tightly communicating with the
chamber; a first conduit gas-tightly passing into the
chamber for supplying purge gas to the inlet conduit; a
second conduit gas-tightly passing into the chamber for
supplyving comminuted solid material suspended in a car-
rier gas to the inlet conduit; and means gas-tightly passing
into the chamber and connected to the first and second
conduits for .alternately registering these conduits with
the ‘inlet conduit so as to produce alternate controlled
pulses of purge gas and suspended comminuted solid
material in the inlet conduit while the chamber collects
the unused. comminuted material, such pulses being in




2,950,867

5

timed sequential relation to the operating cycle of the
detonation barrel.

7. Apparatus for supplying comminuted solid mate-
rial in controlled pulses to a barrel for utilizing detona-
tion waves to act upon the comminuted material, which
comprises in combination a comminuted material col-
lecting chamber with an outlet for removing comminuted
material therefrom; an inlet conduit to the detonation
barrel, such inlet conduit gas-tightly communicating with
the chamber; a first conduit gas-tightly passing into the
chamber for supplying purge gas to the inlet conduit;
a second conduit gas-tightly passing into the chamber for
supplying comminuted solid material suspended in a car-

_ rer gas to the inlet conduit; and reciprocating means gas-
tightly passing into the chamber and connected to the first
and second conduits for alternately registering these con-
duits with the inlet conduit so as to produce alternate
controlled pulses of purge gas and suspended com-
minuted solid material in the inlet conduit while the
chamber collects the unused comminuted material, such
pulses being in timed sequential relation to the operating
cycle of the detonation barrel.

8. Apparatus for supplying comminuted solid mate-
rial in controlled pulses to a barrel for utilizing detona-
tion waves to act upon the comminuted material, which
comprises in combination a comminuted material col-
lecting chamber with an outlet for removing comminuted
material therefrom; an inlet conduit to the detonation
barrel, such inlet conduit gas-tightly communicating with
the chamber; a first conduit passing into the chamber for
supplying purge gas to the inlet conduit; a second con-
duit passing into the chamber for supplying comminuted
solid material suspended in a carrier gas to the inlet con-
duit, such first and second conduits being parallel and
pivotally and gas-tightly supported at the chamber wall;
and a cam-operated reciprocating connecting rod gas-
tightly passing into the chamber and connected to the first
and second conduits for alternately registering these con-
duits with the inlet conduit so as to produce alternate
controlled pulses of purge gas and suspended com-
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minuted solid material in the inlet conduit, while the
chamber collects the unused comminuted material, such
pulses being in timed sequential relation to the operating
cycle of the detonation barrel.

9. In a method for utilizing detonation waves to act
upon a comminuted solid body which comprises in-
troducing a detonatable mixture of combustible gas and
oxidizing gas to a detonation zone in an elongated cylin-
drical path having an open end, introducing a com-
minuted solid material to the detonatable mixture in said
barrel, igniting said detonatable mixture to produce a
detonation therein and thereby transmit to said com-
minuted material some of the energy of said detonation
to eject said comminuted material at high velocity from
the open end of said clongated cylindrical path, and
repeating these process steps in cyclical operation, the
improvement which comprises continuous and uniform
feed and delivery of powder in inert gas through an inlet
conduit at constant velocity to storage, intermittent and
equal delivery of powder to said cylindrical path when
said inlet conduit is in register therewith, this occurring
after purging and before detonation, but only during fuel
delivery, delivering purging nitrogen through another
inlet conduit with alternate registration of the exit there-
of, thus phasing the nitrogen feed, preventing back surge
of powder through said other inlet conduit by disregistra-
tion thercof during a detonation and storage of the
powder during periods of non-registration of the powder
tube.
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